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normal diet, 21% proteins, 6.2% fatty acids, 4.5% fibres, 
vitamins, minerals and anorganic compounds.

The animals were divided into three groups according 
to age (Table 1).

L-carnitine (Carnitor, Sigma-Tau, Maryland, USA) 
was administered at a dose of 300mg/kg b.w./day intra-
peritoneally for 35 days. After euthanasia, samples of the 
tongue were obtained both from experimental and con-
trol groups and the tissues were processed for electron 
microscopy.

Transmission Electron Microscopy
Tongue tissue samples were sectioned into <1 cm3 

pieces. They were placed into glutaraldehyde 2.5% for 
2 hours and then into osmium tetraoxide 1% for 1 hour. 
Staining was performed with uranyl acetate 1% (16 hours) 
and dehydration with advancing ethanol concentrations. 
Samples were embedded into Epon resin. 
Ultra-thin sections (600–900 Å) were taken and stained 
with Reynolds’s stain. Samples were observed under a 
JEOL transmission electron microscope.

Sample observation
Two sections from each sample were processed for 

ultrustructural analysis by two observers. Assessment of 
epithelial cell degeneration included following points: 1) 
nuclear morphology, 2) interepithelial junctions preserva-
tion, 3) mitochondrial cristae preservation, 4) intramito-
chondrial vacuole formation, 5) mitochondrial swelling, 
and 6) lipid droplets formation.

Point 1 was answered with normal or abnormal, 
points 3, 4, 5 and 6 with yes or no. Regarding point 2, 
it was assessed whether there is preservation of interepi-
thelial junctions, moderate destruction or interepithelial 
edema.

No differences were found between the two observers 
regarding the assessment of the samples. The characteri-
zation of the samples into normal, moderate or profound 

degeneration was done according to the number of path-
ologic alterations found. In particular, the sample was 
characterized as normal when there was no more than one 
pathologic alteration. Moderate degeneration was present 
when two alterations were identified and profound de-
generation when more than two changes were present.

Results

Ultrastructural analysis (Table 2)
Alterations of the epithelial cells were present in all 

groups (A, B and C). Controls from Group A (A-NLC), 
showed moderate destruction of interepithelial junctions 
and lipid droplets formation (Figure 1), while the samples 
from experimental group A (A-LC), showed regeneration 
of the epithelium and normal interepithelial junctions 
(Figure 2). 

Table 1: The table presents the experimental and control groups in which the rats were divided, and the number of animals that 
were included to each group.

Groups L-Carnitine administration groups Control groups
Group A  (5 months) A^LC* (n=4) A-NLC#(n=1)
Group B (12 months) B-LC (n=4) B-NLC (n=1)
Group C (18 months) C-LC (n=4) C-NLC (n=1)

^A, B and C: refer to the age groups, * LC: L-Carnitine, #NLC: Not L-Carnitine

Table 2: Results from the observation of rat tongue samples with electron microscopy. The table presents the number of ani-
mals that belong to each category of degeneration, also divided according to age group and L-carnitine administration or not. 

Grade of degeneration* L-carnitine administration groups Control groups
Age group (months old) 5-months 12-months 18-months 5-months 12-months 18-months 
Normal appearance# 4
Moderate degeneration^ 4 3 1
Profound degenerationa 1 1 1

* Epithelial cell degeneration assessment with electron microscopy according to our proposed six-point system, # Normal appearance: 0 points 
or 1 point, ^moderate degeneration: 2 points, a profound degeneration: >2 points.

Figure 1: Electron Microscopy image showing moderate 
destruction of interepithelial junctions in the rat tongue, in 
5-month old rats (Group A), that did not receive L-carnitine. 




