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Abstract: The effects of protein energy deprivation (PED) on trigeminal ganglion sectional area, neuronal density, num-

ber of neurons/section, neuronal body area and neuronal nucleus area were evaluated. The protein deprivation prenatally 

and for 21 days postnatally leads to reduce body weights (40% of control weights) and an increase in the number of neu-

rons/section (35% more than control). Most neuron perikarya were within 400-600 m
2 

(53,7%) in protein-deprived ani-

mals and 600-900 m
2 

(48,2%) in the control group. Rows of neuronal bodies were separated by bundles of nerve and col-

lagen fibers in both groups. Ganglionic neurons from both groups contained cytoplasmic Nissl’s corpuscles and spherical 

nuclei with eccentric and large nucleoli. The elongated nuclei of the fibrocytes revealed the main axis oriented parallel to 

the bundles nerve fibers. By scanning electron microscopy, the structure of the ganglion from both groups was found to be 

similar. 

INTRODUCTION  

 Protein energy deprivation (PED) severely alters the 
structure of organs and tissues in development. In the nerv-
ous system, PED affects mainly the central nervous system 
(CNS), where it leads to a reduction in encephalon mass [1], 
and a decrease in the number of neurons in the cerebral cor-
tex and spinal cord [2]. Moreover, PED leads to reduced 
dendritic proliferation and delayed myelinization of the cen-
tral nerve fibers [3, 4]. Studies of young, anorexic rats have 
shown that, in spite of an increased number of actively divid-
ing CNS neurons, the total number of neurons is substan-
tially reduced [5]. In the autonomic nervous system (ANS), 
the data are controversial regarding the estimated number of 
neurons in the myenteric plexus. PED has been shown to 
reduce the total number of neurons in esophagus and small 
intestine of rats [6-9]. However, the authors generally admit 
that PED determines a decrease in the size of neuronal bod-
ies in the myenteric plexus of the esophagus, small and large 
intestines [6, 7, 9, 10]. In the peripheral nervous system 
(PNS), PED delays the process of myelinization of the sci-
atic nerve [11] and increases axon density in the optic nerve 
[12]. Here, we examine the consequences of PED in the tri-
geminal ganglion, owing to its great importance for the sen-
sitive process of orofacial innervations.  

MATERIALS AND METHODOLOGY  

 Experiments were conducted according to regulations of 
the Biomedical Science Institute of the University of São 
Paulo (Ethical Principles in Animal Research adopted by 
Brazilian College of Animal Experimentation, COBEA). 
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EXPERIMENTAL GROUPS 

 Young, male and female wistar rats were housed together 
for a period of seven to ten days. Pregnant females were 
separated into two groups. The nourished group (GI) was fed 
with the AIN-93G proteic ration (20% casein) and the mal-
nourished group (GII), with the AING-93 hypoproteic ration 
(5% casein) [13]. Both groups were provided with water ad 
libitum. Diets were unchanged until weaning of pups at 21 
days of age, at which time pups were weighed, then eutha-
nized by intraperitoneal injection of sodium pentobarbital 
(Hypnol 3%, Fontovert) (100 mg/kg) and processed for light 
microscopy and scanning electron microscopy (SEM). 

Light Microscopy 

 The encephalon was carefully removed from pups to ex-
pose the trigeminal ganglia on both sides of the base of the 
skull (n = 5 for each group). Tissues were fixed in a 10% 
formalin for 48 h. Ganglia were then removed, washed in 
distilled water for 18 h, and dehydrated in an increasing al-
cohol series (50-100%). After clearing in xylol, specimens 
were embedded in Paraplast (Merck). Five serial, 4 m sec-
tions were collected parallel to the ganglionic main axis and 
stained by hematoxylin-eosin (HE). 

Scanning Electron Microscopy 

 Three-dimensional analysis by SEM was performed on 
two ganglia from each group. Specimens were dissected as 
previously described and immersed for 24 h at 4ºC in a 
modified Karnovsky solution containing 2.5% glutaralde-
hyde and 2.0% paraformaldehyde in PBS (sodium phosphate 
buffer, 0.1 M, pH 7.4) [14]. After rinsing several times in 
PBS, specimens were digested by immersion in 5M KOH 
solution at 60ºC for 5 to 10 min and then for 24 h at 37ºC in 
a type I collagenase solution (Sigma Aldrich) (1 mg/ml in 
PBS) [15]. Digestion was stopped by immersion in a modi-
fied Karnowsky solution and samples were fixed with 1% 
osmium tetroxide (OsO4) for 2 h at 4ºC. Ganglia were dehy-
drated in increasing concentrations of alcohol, dried with 
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liquid CO2 in a critical point device (Balzers CPD-030), 
mounted and sprayed with gold in a Balzers SCD-040 ion 
sputter. Specimens were analyzed using a Cambridge 
Stereoscan 240 SEM. 

Morphometry 

 Five sections from each trigeminal ganglion from GI and 
GII had their areas (in mm

2
) calculated [16] using a semiau-

tomatic device for morphometry (KS300-Zeiss). The density 
of neuron cell bodies and the estimated total number of neu-
rons were determined in each section examined under a bin-
ocular microscope at 400x magnification. Ten fields were 
chosen at random, and neuronal bodies were counted [17, 
18]. The areas of 120 nerve cell bodies and nuclei for each 
animal from GI and GII were outlined [19] using the same 
semi-automatic device for morphometry. 

Statistical Analysis 

 For all measured variables (body weight, ganglion area, 

neuronal density, number of neurons/section, cross sectional 
surface area of the neuronal body, neuronal nuclear area), a 

nonpaired Student’s t test was applied to compare the groups 

(GI, GII). The nonpaired Kolmogorov-Smirnov test was 
used to compare the frequency distribution of the values ob-

tained for neuronal body and nuclear area [20]. The SPSS-

PC (SPSS-10, Chicago, IL) program was used for capturing, 
processing, and analyzing data. The null hypothesis was re-

jected when the p value was 0.05 or less.  

RESULTS 

Qualitative Analysis 

 Several rows of neuronal bodies were observed in his-

tological sections of the trigeminal ganglia of GI and GII 
rats. These parallel rows were oriented according to the main 

axis of the ganglia and were separated by bundles of nerve 

and collagen fibers of different thicknesses. Septa from the 
connective ganglionic capsule were not detected inside the 

ganglion wrapping groups of neurons (Fig. 1A). Nissl´s cor-

puscles were observed in the cytoplasm of ganglionic neu-
rons, which typically contained a clear and spherical nucleus 

with eccentric and large nucleolus. Satellite cells were also 

detected around the neuronal bodies. The elongated nuclei of 
the fibrocytes were identified and showed the main axis ori-

ented parallel to the bundles nerve fibers (Fig. 1B-D). 

 Trigeminal ganglia from both groups (GI, GII) were 
similar by SEM analysis. That is, following partial removal 

of the collagenous component, similar overall structure was 

observed. In addition, bundles of nerve fibers were well 
compacted in both groups (Fig. 2A). At higher magnifica-

tion, nerve fibers were oriented in different directions. These 

nerve fibers form a meshwork around the surface of the neu-
ron cell bodies and comprised well-defined “loci” (Fig. 2B, 

C). 

Quantitative Analysis 

 The mean of body weight was significantly reduced in 

GII (19,0 ± 0,9) when compared with GI (51,8 ± 7,7). GII 

animal body weights were approximately 40% of GI ani-
mals. The parameters ganglion cross sectional surface area, 

neuronal density, number of neurons/section, neuronal body 

surface area, neuronal nuclear surface area were measured in 
GI an GII weanlings, and mean values (± SD) are listed in 

Table 1. With the exception of the ganglion (p = 0.056), all 

values were significantly affected by PED (p  0.05). Inter-
estingly, PED appeared to cause an increase in the number of 

neurons/section and in neuronal density in GII animals; these 

values were approximately 35% and 40% higher, respec-
tively, in GII than in GI animals. 

 The size of neuronal bodies, expressed as perikaryon 
area, ranged from 200-1400 m2

 in GI and from 200-900 

m
2
 in GII. Most of neuron perikarya ranged from 600-900 

m
2
 (48.2%) in GI and 400-600 m

2
 (53.7%) in GII. Nuclear 

sizes ranged from 100-350 m
2
 in GI and from 50-250 m

2
 

in GII. Most nuclear surface areas were within 200-250 m
2
 

(32.7%) for GI, and from 100-150 m
2
 (45.3%) for GII. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Histological analysis of trigeminal ganglia from GI and 

GII. A) Gross organization of neurons of several sizes (arrows) 

grouped in rows oriented towards the ganglion’s larger axis, sepa-

rated by bundles of nervous and collagen fibers with the same ori-

entation (*). 275x magnification. B, C) Satellite cells (*) around 

ganglion neuronal cell bodies, filling the space between them. 

1.780x magnification. D) Cell body of ganglion neuron (larger 

arrow), satellite cells (smaller arrow) and elongated fibrocyte nu-

cleus (arrowhead). 1.780x magnification. 



Impact of Pre and Postnatal Protein Energy Deprivation The Open Nutrition Journal, 2009, Volume 3    3 

DISCUSSION AND CONCLUSION 

 A variety of different methods have been used to induce 
experimental malnutrition [1, 3, 6, 7, 10]. The method here 
employed [13] substantially reduced the body weight of 
animals compared with controls. Moreover it is consistent 
with the proposal that a significant decrease in body weight 
(60% lower than nourished animals) is seen in rats submitted 
to pre-natal malnutrition [21]. Our observations of decreased 
neuronal body and nuclear area in undernourished rats are in 
accordance with studies of the myenteric plexus of large 
intestine of young undernourished rats where the myenteric 
neuron area decreased [10]. Also, these data are in agreement 
with studies demonstrating a reduction in the thickness of the 
myelin sheath in nerves of undernourished monkeys [22], 
late myelinization in the optic nerve of rats [23] and smaller 
endoneural areas and shorter internodal regions in the poste-
rior tibial nerve of undernourished rats [24].  

 The observed increase in neuronal density of the trigemi-
nal ganglion resulting from PED in our study is consistent 
with observations in the myenteric plexus of the small and 
large intestines. In these viscera, the number of neurons was 
higher in undernourished than in the control animals  [7, 10], 
and in the optical nerve where axon density is increased in 

undernourished animals [12]. While the increase in total 
number of neurons here observed in the trigeminal ganglia of 
GII animals is similar to effects on myenteric neurons in the 
small intestine [7], the number of neurons was not different 
between the undernourished and normally fed animals in the 
large intestine [10].  

 Our research, however, does not agree with one study in 
which no significant difference in neuron size was observed 
in the rat dorsal root ganglion in malnourished rats [25]. The 
consequences of PED for the CNS are also controversial. 
While severe malnutrition causes nerve cell loss in some 
regions of the CNS (e.g., the dentate gyrus) [26], the cerebral 
cortex seems protected from neuronal loss [27]. Thus, among 
extrinsic factors that significantly decrease the number of 
neurons in different parts of the nervous system, such as 
Trypanosoma cruzi infection [28, 29] and aging [30], PED 
cannot be considered as deleterious. According to recent 
studies in the CNS [5], the proportional increase in prolifera-
tive cells observed in young homozygous mutant anorexic 
mice suggests a compensatory mechanism or a cell self-
renewal system that is altered with PED.  

 Interestingly, we found that morphological aspects of the 
trigeminal ganglion, by light microscopy and SEM were not 
substantially altered with PED. Rows of neurons, bundles of 
nerve and collagen fibers of different thicknesses, fibrous 
ganglionic capsule, as well as the neuronal “loci” were simi-
lar in both nourished and malnourished animals. Another 
structural characteristic of the trigeminal ganglion, the pres-
ence of satellite cells around neurons of different sizes, was 
observed in both groups. Comparatively, the trigeminal gan-
glion of the cat also contains neuron cell bodies arranged in 
rows or columns, where satellite cells are present in different 
densities [31]. The spherical nucleus with eccentric and large 
nucleolus observed in the trigeminal ganglia from both 
groups is observed in most neurons of ferret’s trigeminal 
ganglion [32]. Perhaps other techniques, such as transmis-
sion electron microscopy, may reveal other alterations 
caused by PED. In fact, in esophageal myenteric neurons of 
malnourished rats, the membrane of the granular reticulum 
appeared thinner and ribosomes were arranged in clusters 
[9]. It is also possible that the effects of malnourishment on 
nervous structures depend not only upon the structure in 
question, but also on the period in which malnourishment 
occurred and the experimental model adopted. Thus, one 
may infer that nervous cells of the peripheral nervous sys-
tem, regardless of the anatomical structure with which they 
are associated, will exhibit a similar response to malnour-
ishment.  

 In conclusion our data suggest a model in which mal-
nourishment triggers a delay in the development of PNS 
structures, because altered neuronal structure was not ob-

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Three-dimensional aspects of trigeminal ganglia from GI 

and GII. A) Fibers oriented in different directions compacted in 

bundles (*). B) Neuronal bodies (*) located within the “loci” delim-

ited by the nervous fibers making up the ganglion. C) Remainders 

of collagen fibers partially digested by collagenase (small arrows), 

showing the neuronal body (*). Nervous fibers oriented in different 

directions (large arrows) are also observed in contact with the neu-

ronal body. SEM (Bar = 10 μm). 

Table 1. Mean Values Related to Number of Neurons Estimated by Section, Neuronal Density, and Area of the Profiles of  

Trigeminal Ganglion / Cell Body / Nucleus 

 Ganglion Profile  (mm
2
) Neuronal Body  Profile ( m

2
) Neuronal Nucleus  Profile  ( m

2
) Neurons/Section Neurons/mm

2
 

GI 3,7 (± 0,3) 707,0 (± 59,3) 226,0 (± 21,2) 1069 (± 121) 286 (± 14) 

GII 3,3 (± 0,3) 548,9 ( ± 31,2)* 139,0 (± 26,7)* 1604 (± 218)* 484 (± 45)* 

Values are presented as mean ± standard deviation (SD), where GI is the nourished animals group or control group (n=5) and GII is the undernourished animals group (n=5).  
*Significantly different from control (p 0.05). 
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served. Correlating this delay to a decrease in nervous con-
duction speed previously related [23, 33] will be the focus of 
future studies.  
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