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Background: Purkinje cells play a critical role in the normal function of the cerebellum and are highly susceptible to a variety of abnormal 
conditions including protein deprivation, which may lead to brain dysfunction.
Objectives: The aim of this study was to investigate the effects of low-protein diet on the frequency, diameter and distance between 
Purkinje cells of the cerebellum.
Materials and Methods: Twenty two male Wistar adult rats were randomly divided into two groups including animals with normal diet 
and trial animals that underwent protein deprivation for ten months. Then the animals were sacrificed with aldehyde solutions and their 
cerebella were removed for sectioning. Forty µm coronal sections were prepared and stained with Hematoxylin and Eosin (H & E) and 
neutral red. Morphometeric parameters including the frequency and diameter of Purkinje cells and distances between them were studied 
by light microscopy. Statistical analysis was done with Mann-Whitney U test.
Results: The low-protein group did not gain weight as much as the control group (P < 0.05). The diameter of Purkinje cells was 151 ± 8 µm 
in control group compared to 179.5 ± 11 µm in low-protein group (P < 0.05). The mean number of Purkinje cells was 14.2 ± 4 in control group 
and was 8.3 ± 7 in low-protein group (P < 0.05). Distances between Purkinje cells was 363.9 ± 12 µm in control group, but increased to 472.1 
± 27 µm in low-protein group (P < 0.05).
Conclusions: Considering that neuronal function highly depends on environmental conditions, any adverse alteration may affect the 
function and morphology of neurons. In this regard, our results showed the adverse effects of protein malnutrition on the morphology 
of the Purkinje cells of cerebellum.
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Implication for health policy/practice/research/medical education:
We conducted this experimental study in order to evaluate the effects of malnutrition on cerebellar purkinje cells among rats, and we recommend that 
our study may be expanded to humans.
Copyright © 2013, Kowsar corp. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Cerebellum is a brain area that is critical for the fine ad-

justment of motor output and for the formation of sev-
eral types of motor memories (1). Purkinje cells present a 
unique cellular profile in the cerebellum and are the only 
output cells of the cerebellar cortex. Interestingly, Pur-
kinje cells are highly susceptible to a variety of abnormal 
conditions (2). In human, Purkinje cells are affected in a 
variety of diseases ranging from malnutrition and toxic 
exposure (i. e. alcohol, lithium), to autoimmune diseases 
and genetic mutation  of amino acids. Regarding the im-

portance of dietary protein, many studies have assessed 
the effects of protein malnutrition on different parts of 
the brain (3). Impairment of CNS following protein defi-
ciency has been extensively studied and this deprivation 
leads to deleterious effects upon cerebral structures (4).

Protein deprivation can cause many direct deleterious 
effects in the brain such as loss of brain weight (5-7), al-
teration of hippocampal formation (8), impairment of 
neurotransmitter systems (9, 10), changes in protein 
phosphorylation (11) and deficits in cognitive functions 
(12). Experimental protein malnutrition was induced 
in groups of young juvenile squirrel monkeys by feed-
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ing them ad libitum diets very low in protein content, 
whereas a diet containing 25% protein content was fed 
to the control animals. Detailed cytochemical studies 
have clearly shown the sensitivity of nervous system to 
dietary abuse. In fact, motor neurons of spinal cord and 
Purkinje cells of the cerebellum are very sensitive to pro-
tein deficiency. Gallocyanin stained preparations from 
the malnourished animals show significant decrease in 
the amount of RNA in Purkinje cells of cerebellum and 
anterior horn cells of the spinal cord (13). Development of 
granular cell layer and Purkinje cells is specifically prone 
to the effects of protein malnutrition potentially due to a 
low-protein diet of the mother (14). Additionally, protein 
malnutrition increases oxidative damage to lipids and 
proteins in the cerebellum and cerebral cortex (15).

2. Objectives
The aim of this study was to investigate the effects of 

low-protein diet on the frequency, diameter and distance 
between Purkinje cells of the cerebellum.

3. Materials and Methods
Experiments were performed on 22 male Wistar rats 

(age: two weeks, weight: 104 ± 3 g). They were simply ran-
domized into two groups: the control group received a 
normal diet with 17.5% protein for 10 months, while the 
case group had a low-protein diet with 8% protein (16). 
Both diets had the same energy content (1382 kg/100 g dry 
food). The rats were kept in a 12 hours light/dark cycle. All 
of the experimental procedures were conducted based 
on the Animal Ethics Committee of Tehran University of 
Medical Sciences.

After 10 months, animals were anesthetized with intra-
peritoneal injection of Ketamin (40 mg/kg) and Xylazin 
(5 mg/kg). The rats were perfused by transcardial perfu-
sion of 500 ml fixative solution (Glutaraldehyde 1.25% 
and paraformaldehyde 1% in 0.2 mol buffer phosphate at 
pH = 7.4) followed by 10% sucrose buffer. The brains were 
removed and the cerebella were divided into two seg-
ments. The first segment was fixed by immersion in 10% 
sucrose buffer mixed with 10% glycerol for 12 - 14 hours at 
4°C. Cerebellar samples were cut by cryostat into serial 
coronal sections of 40 µm (Leica CM1850). Sections were 
then mounted on gelatinized slides and counterstained 
with Hematoxylin & Eosin (H & E) and neutral red. The 
sections were observed by light microscope coupled to 
camera (BX51, Olympus, Japan) and images were taken 
under objective lens (X 400, Olympus, Japan). For each 
animal, the frequency, mean diameter of Purkinje cells 
and distances between them were measured by Optika 
software (Optika, Italy, 2009). Since only 1% of Purkinje 
cells in the mature brain have more than one nucleolus, 
we used nucleolus as an indicator for cells number. To 
measure mean diameter of Purkinje cells, we used Pur-

kinje cells with visible nucleolus and measured three di-
ameters that passed directly through the nucleolus. This 
method was used for the measurement of one hundred 
Purkinje cells selected randomly in many fields. The sec-
ond segment of cerebellum was kept in Glutaraldehyde 
2.5%. Serial coronal sections of 500 nm (semithin section) 
were made by ultra microtome. Then sections were coun-
terstained with Toluidine Blue and the size and diameter 
of Purkinje cells were evaluated by Optika software. All 
calculations were performed with SPSS Version 11.0 for 
Windows. The statistical analysis was performed using 
non-parametric analysis (Mann-Whitney’s U test). Data 
were expressed as mean ± SD. P value of < 0.05 was con-
sidered to be significant.

4. Results
To analyze the overall cerebellum structure, we mea-

sured the thickness of molecular and granular layers and 
found that the thickness of molecular layer was 368.1 ± 
53 µm in control group compared to 351.9 ± 81 µm in the 
low-protein diet group (P < 0.05). The thickness of gran-
ular layer of control group was 571.4 ± 20 µm, while the 
thickness of this layer was 449.2 ± 98 µm in low-protein 
diet group (P < 0.05). The number of Purkinje cells sig-
nificantly decreased in the case group compared to the 
control group after 10 months (8.3 ± 7 versus 14.2 ± 4, P < 
0.05). Furthermore, we found that the distance between 
Purkinje cells in the control group (363.9 ± 12 µm) was 
significantly lower than the same value in low-protein 
group (472.1 ± 27 µm) (P < 0.05). Moreover, we found that 
the diameter of Purkinje cells in the low-protein group 
(179.5 ± 11 µm) was significantly more compared to the 
control group (151 ± 8) (Table 1) (Figures 1, 2). 

Table 1. Comparison of Mean Number, Diameter, Distances be-
tween Purkinje Cells and Thickness of Molecular Layer and Gran-
ular Layer in Control and low-Protein Groups 

Control Group, 
mean ± SD

Low-Protein 
Group, mean ± SD

No. of Purkinje 
Cells

14.2 ± 4 8.3 ± 7a

Distances Be-
tween Purkinje 
Cells, µm

363.9 ± 12 472.1 ± 27a

Diameter of Pur-
kinje Cells, µm

151 ± 8 179.5 ± 11a

Thickness of 
Molecular Layer, 
µm

368.1 ± 53 351.9 ± 81

Thickness of 
Granular Layer, 
µm

571.4 ± 20 449.2 ± 98

a  Significant
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Figure 1. Semi-Thin Section of Cerebellar Cortex in low-Protein Group (A) 
and Control Group (B)

a, molecular layer; b, Purkinje cells layer; c, granular layer

Figure 2. Semi-Thin Section of Purkinje Cells in low-Protein Group

This figure shows diameter of Purkinje cells and distances between them 
increased in low-protein diet group. a, molecular layer; b, Purkinje cells 
layer; c, granular layer

5. Discussion
Our study showed that the number of Purkinje cells 

significantly decreased in low-protein group compared 
to the control group. Also, the diameter of Purkinje cells 
and distances between them significantly increased in 
low-protein group compared to the control group. Our 
findings confirm previous studies indicating the effect 
of protein malnutrition in different parts of the brain (3, 
5, 8, 9). Manocha and Olkowski reported an increase in 
the number of dark cells with large amounts of ribonu-
cleoprotein complex in the Purkinje cells layer of the ex-
tremely malnourished animals sacrificed after 15 weeks 
on a low-protein diet, which may reflect either an abnor-
mal metabolic process or an interruption in the axonal 
transport of RNA complex (17). Fish et al. reported that 
malnutrition markedly curtailed the increase in DNA 
content (cell number) resulting in an early sustained re-
duction of DNA content in the cerebellum (18). Andrade 
and Paulo demonstrated that protein deprivation in 
adult rats causes reduction in the diameter of subiculum 

and the total number of its neurons (19). Garcia-Ruiz con-
firmed previous findings indicating that the number of 
cells is decreased in amygdala of protein malnourished 
rats. It is also possible that the reduction of axoplasmic 
transfer rate might be due to the protein malnutrition. 
These changes can alter synaptic connection and/or con-
duction between neurons (20).

In our survey, it seems that the mechanisms which re-
duce the number of Purkinje cells are cell death due to axo-
nal transport difficulties and a reduction of DNA content 
which is compatible with the previous findings. In our 
study, the thickness of granular layer of control group was 
more than low-protein group, but this difference was not 
significant. This is consistent with the reports from Desai, 
et al. and Andrade, et al. which showed that protein malnu-
trition results in a number of effects in the hippocampal 
formation, such as gabaergic inter-neurons and dentate 
granule cells (19, 21, 22). These results indicate that among 
hippocampal neurons, dentate granule cells are selective-
ly vulnerable to food restriction (22). Garcia-Ruiz, et al. also 
found that low-protein diet increases the genesis of cells 
in the anterior dentate granule cell layer (20). This finding 
is also consistent with the study of Mokler and Granados-
Rojas et al. that found protein malnutrition reduces the 
number of synapses in some cortical areas and changes 
the behavior in animals (23).

Protein malnutrition in rats reduces the proliferation 
of neuronal and glial cells (3). Results of another study 
by Soto-Moyano et al. supported the idea that mild pre-
natal protein malnutrition (8% protein) deleteriously 
affects the cortical neuronal density (24). This finding is 
also consistent with the results of Mokler, et al. that dem-
onstrated this type of diet can stop initial Purkinje cells 
growth during intrauterine life (23), while it is inconsis-
tent with the report from Azzolin et al. indicating that 
malnutrition had no effect on cerebellar protein concen-
tration (25).

In conclusion, neuronal function is mainly dependent 
on normal conditions and any changes in environmen-
tal conditions can adversely affect the function and mor-
phology of neurons leading to behavioral dysfunction. 
Considering that our results showed adverse effects of 
malnutrition on Purkinje cells of the cerebellum, we 
suggest that the effect of protein malnutrition on activ-
ity and function of Purkinje cells of cerebellum and also 
motor behavior dysfunction of animal can be studied in 
future.

Acknowledgements
This study was supported by a grant from Tehran Uni-

versity of Medical Sciences.

Authors’ Contribution
Gholamreza Hassanzadeh: designer of project and 



Hassanzadeh G et al.

9Thrita J Med Sci. 2013;2(3)

writer of paper, Fatemeh Attari: histological measur-
ments and writing the paper, Mahnaz Azarnia: control 
of histologcal sections, Seyed Mohammad Hossein Noori 
Mogahi: providing histologcal sections, Hamid Hamdol-
lah Zadeh: animals care, Maryam Javadi: preparation of 
low protein diet formula, Rostam Ghorbani: cell count-
ing, Alireza Karambaksh: preparing protein diet.

Financial Disclosure
There is no financial disclosure.

Funding/Support
There is no Funding/Support.

References
1.       Slemmer JE, De Zeeuw CI, Weber JT. Don't get too excited: mecha-

nisms of glutamate-mediated Purkinje cell death. Prog Brain Res. 
2005;148:367-90.

2.       Schmolesky MT, De Zeeuw CI, Hansel C. Climbing fiber synaptic 
plasticity and modifications in Purkinje cell excitability. Prog 
Brain Res. 2005;148:81-94.

3.       Hassanzadeh G, Bayat M, Javadi M. Effect of Protein Malnutrition 
on Efferent Projections of Amygdala to the Hippocampus. Basic 
Clin Neurosci. 2010;2(1):37-43.

4.       Console GM, Jurado SB, Oyhenart E, Ferese C, Pucciarelli H, Go-
mez Dumm CL. Morphometric and ultrastructural analysis of dif-
ferent pituitary cell populations in undernourished monkeys. 
Braz J Med Biol Res. 2001;34(1):65-74.

5.       Perry ML, Gamallo JL, Bernard EA. Effect of protein malnutrition 
on glycoprotein synthesis in rat cerebral cortex slices during the 
period of brain growth spurt. J Nutr. 1986;116(12):2486-9.

6.       Okoshi MP, Okoshi K, Pai VD, Pai-Silva MD, Matsubara LS, Cicogna 
AC. Mechanical, biochemical, and morphological changes in 
the heart from chronic food-restricted rats. Can J Physiol Pharm 
. 2001;79(9):754-760.

7.       Rotta LN, Schmidt AP, Mello e Souza T, Nogueira CW, Souza KB, 
Izquierdo IA, et al. Effects of undernutrition on glutamatergic 
parameters in rat brain. Neurochem Res. 2003;28(8):1181-6.

8.       Giuffrida AM, Hamberger A, Serra I, Geremia E. Effects of un-
dernutrition on nucleic acid synthesis in neuronal and glial 
cells from different regions of developing rat brain. Nutr Metab. 
1980;24(3):189-98.

9.       Fiacco TA, Fitzgerald C, Blatt GJ, Rosene DL, Galler JR,  editors.Effects 
of prenatal protein malnutrition on excitatory aminoacids recep-
tors in rat hippocampus, entorhinal cortex, and neocortex. 1998.

10.       Telang S, Fuller G, Wiggins R, Enna SJ. Early undernutrition and 

[3H]gamma-aminobutyric acid binding in rat brain. J Neuro-
chem. 1984;43(3):640-5.

11.       Singh TD, Shankar R. Developmental regulation and effect of 
early undernutrition on phosphorylation of rat cortical synaptic 
membrane proteins. Int J Dev Neurosci. 1999;17(7):743-51.

12.       Hackett R, Iype T. Malnutrition and childhood epilepsy in devel-
oping countries. Seizure. 2001;10(8):554-8.

13.       Manocha SL, Olkowski ZL. Experimental protein malnutrition 
in primates--cytochemistry of the nervous system. Am J Phys An-
thropol. 1973;38(2):439-45.

14.       Ranade SC, Sarfaraz Nawaz M, Kumar Rambtla P, Rose AJ, 
Gressens P, Mani S. Early protein malnutrition disrupts cer-
ebellar development and impairs motor coordination. Br J Nutr. 
2012;107(8):1167-75.

15.       Feoli AM, Siqueira IR, Almeida L, Tramontina AC, Vanzella C, 
Sbaraini S, et al. Effects of protein malnutrition on oxidative sta-
tus in rat brain. Nutrition. 2006;22(2):160-5.

16.       Stern WC, Forbes WB, Resnick O, Morgane PJ. Seizure susceptibil-
ity and brain amine levels following protein malnutrition dur-
ing development in the rat. Brain Res. 1974;79(3):375-84.

17.       Manocha SL, Olkowski Z. Experimental protein malnutrition in 
primates: cytochemical studies on the cerebellum of the squir-
rel monkey, Saimiri sciureus. Histochem J. 1973;5(2):105-18.

18.       Fish I, Winick M. Effect of malnutrition on regional growth of the 
developing rat brain. Exp Neurol. 1969;25(4):534-40.

19.       Andrade JP, Paula-Barbosa MM. Protein malnutrition alters the 
cholinergic and GABAergic systems of the hippocampal forma-
tion of the adult rat: an immunocytochemical study. Neurosci 
Lett. 1996;211(3):211-5.

20.       Garcia-Ruiz M, Diaz-Cintra S, Cintra L, Corkidi G. Effect of protein 
malnutrition on CA3 hippocampal pyramidal cells in rats of 
three ages. Brain Res. 1993;625(2):203-12.

21.       Desai M, Crowther NJ, Lucas A, Hales CN. Organ-selective 
growth in the offspring of protein-restricted mothers. Br J Nutr. 
1996;76(4):591-603.

22.       Andrade JP, Lukoyanov NV, Paula-Barbosa MM. Chronic food 
restriction is associated with subtle dendritic alterations in 
granule cells of the rat hippocampal formation. Hippocampus. 
2002;12(2):149-64.

23.       Mokler DJ, Bronzino JD, Galler JR, Morgane PJ. The effects of me-
dian raphe electrical stimulation on serotonin release in the dor-
sal hippocampal formation of prenatally protein malnourished 
rats. Brain Res. 1999;838(1-2):95-103.

24.       Soto-Moyano R, Fernandez V, Sanhueza M, Belmar J, Kusch C, Per-
ez H, et al. Effects of mild protein prenatal malnutrition and sub-
sequent postnatal nutritional rehabilitation on noradrenaline 
release and neuronal density in the rat occipital cortex. Brain Res 
Dev Brain Res. 1999;116(1):51-8.

25.       Azzolin IR, Bernard EA, Trindade VM, Gamallo JL, Perry ML. Effect 
of protein malnutrition on glycoprotein, protein and lipid syn-
thesis in the rat cerebellum during the period of brain growth 
spurt. Ann Nutr Metab. 1991;35(2):82-8.


