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Research for understands human brain and the differences with the other animals happens since many 
centuries ago. The publication “Origin of Species” in 1859 of Darwin was an important event in the incessant 
process of searching for the differences and similarities between humans, their close relatives, monkeys 
and other animals. However, our particularities have made us so unique that the British paleontologist 
and anatomist Richard Owen (1804-1892) published, in the year following Darwin’s publication, his book 
suggesting a new order for humans (which would be Bimana “those with and a new subclass (Archenchefala, 
“dominant brain”) that separated it from other primates [1].
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Even if this new order and subclass were not accepted, the idea of Darwin was very well established in 
the scientific community, and from the understanding that we have progeny in common with monkeys, it 
became very important to anatomically and functionally differentiate the brain of monkeys and other species 
in order to elucidate the differences in the functioning of the nervous system that give us such refined and 
unique characteristics.

Anatomical differences between non-human and human primate brain are already well established in 
literature, and these with other orders, such as rodents. However, there are relatively few studies that identify 
functional differences at the cellular level of these brains of different species against a given stimulus, either 
the environment (a certain task or challenge that are present every day and that demand cognitive aspects 
such as attention, memory and learning), stimuli provoked through the use of drugs such as kainic acid, 
pentylenetetrazole, pilocarpine or even during stress such as mobilizations and water deprivation.
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One of the most interesting subjects of neuroscience now is how the human brain has been expanded. 
Comparative studies between rodents and primates increasingly point to biochemical relevance, complexity, 
neural connectivity, histology and functional level to the detriment of anatomical differences. According 
to these studies [2-8] and primates demonstrate distinct cortical developments such as neural pattern, 
neurogenesis, axonal growth targeting, synaptic formation, neural maturation among other phenomena 
controlled by transcription factors, secreted molecules or transmembrane proteins [9].

Regulated gene development has been a candidate responsible for the evolution and development of a 
primate’s brain. Studies have already shown differences in spatial and temporal gene expression between 
rodents and primates in relation to a gene that regulates DNA demethylation, Gadd45b, which showed 
high area-specific expression in the association cortices in the brains of adult whales compared to the brain 
of mice [9].

The understanding of functional cellular differences between rodents and primates could answer some 
questions such as: why is our performance in cognitive tasks far superior to non-human primates? And 
why do non-human primates perform so much better than rodents? What, at the cellular level, determines 
this performance (upper or lower) of the nervous system? Or are fundamental differences restricted to 
anatomical sphere dimensions (including new brain areas) and cytoarchitecture? A good way to investigate 
these issues is to study the pattern of gene or protein expression of the rodent and the nonhuman primate 
against various stimuli, and to assess whether there are differences between the orders.

It is known from studies in our laboratory that the expression patterns of c-Fos protein are different during 
neuronal activation induced by a convulsive agent between Wistar rats and marmosets (Callithrix jacchus) in 
the primary motor cortex, cingulate gyrus and piriform cortex, showing a more enduring expression pattern 
in primates (results already published - Barros et al., 2015) [10] evidenced by a longer expression peak (1 to 
2 hours in rats and 1 to 3 hours in monkeys) and a slower return to basal levels (returning to baseline levels 
in 6 hours in rats and 9-12 hours in monkeys) of c-Fos protein (Figure 1 and 2)
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Figure 1: The expression pattern of c-Fos in rats and marmosets

Figure 1: The expression pattern of c-Fos in rats and marmosets. (A) The expression pattern of c-Fos in cin-
gulate gyrus (CG), piriform cortex (CP) and motor cortex (MC) in rats. (B) The relative expression of c-Fos 
in each of the assessed regions in rats, (C) the expression pattern of c-Fos in CG, piriform cortex (PC) and 
MC in marmosets. (D) The relative expression of c-Fos in each of the assessed regions in marmoset. *p < 
0.05 **p < 0.001 (published in 2015 - doi: 10.3389/fncel.2015.00072)
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Figure 2: c-Fos immunohistochemistry in the cingulate cortex of marmosets and rats
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FIGURE 2 | c-Fos immunohistochemistry in the cingulate cortex of marmosets (first column; A, C, E, G) 
and rats (second column; B, D, F, H). (A, B) ---control group; (C, D)- PTZ 1 h; (E, F)- PTZ 3 h; G-PTZ 
9 h; g’- PTZ 12 h; H- PTZ 6 h. (published in 2015 - doi: 10.3389/fncel.2015.00072)

When mapping the c-Jun protein, a distinct expression was again observed in the brains of rats and mon-
keys, being more durable in rats than in monkeys (results under publication process). Knowing that proteins 
of the Fos family form dimers with proteins of the JUN family and that this dimer controls the expression of 
a wide range of genes of late expression, we can consider that the FOS-JUN dimer controls (in the end) the 
expression of large quantities of proteins that, in turn, define the form, function, and physiology of the cell. 
With this, this difference becomes extremely relevant for the understanding of brain biochemical processes 
in rats and monkeys and may be one of the factors for the better brain performance of monkeys. Obviously 
many other studies are needed to confirm this idea. Concomitant countless other biochemical cascades may 
be related to this superior primate performance. We are still far from fully understanding of these factors and 
many other researches that seek to identify these biochemical differences between primates and rodents are 
necessary and are currently scarce in the literature. But it is certain that the cognitive superiority of a primate 
must be explained in the future starting from biochemical and not merely anatomical principles.

1. Clark, R. E. & Squire, L. R. (2013). Similarity in form and function of the hippocampus in rodents, mon-
keys, and humans. Proceedings of the National Academy of Sciences, 110(suppl 2), 10365-10370.

Bibliography

2. Herculano-Houzel, S., Collins, C. E., Wong P. & Kaas, J. H. (2007). Cellular scaling rules for primate 
brains. Proc Natl Acad Sci U S A., 104(9), 3562-3567.

5. Collins, C. E., Airey, D. C., Young, N. A., Leitch, D. B., Kaas, J. H. (2010).  Neuron densities vary across 
and within cortical areas in primates. Proc Natl Acad Sci U S A., 107(36), 15927-15932.

4. Krubitzer, L. (2009). In search of a unifying theory of complex brain evolution. Ann N Y Acad Sci., 1156, 
44-67.

3. Rilling, J. K., Glasser, M. F., Preuss, T. M., Ma, X., Zhao, T., Hu, X., Behrens, T. E. J. (2008). The evolution 
of the arcuate fasciculus revealed with comparative DTI. Nat Neurosci., 11(4), 426-428.

7. Kaas, J. H. (2012). Evolution of columns, modules, and domains in the neocortex of primates. Proc Natl 
Acad Sci., 109(suppl 1), 10655-10660.

6. Fietz, S. A., Kelava, I., Vogt, J., Wilsch-Brauninger, M., Stenzel, D., Fish, J. L., Corbeil, D., Riehn, A., 
Distler, W., Nitsch, R. & Huttner, W. B. (2010). OSVZ progenitors of human and ferret neocortex are epi-
thelial-like and expand by integrin signaling. Nat Neurosci., 13(6), 690-699.

8. Visel, A., et al. (2013). A high-resolution enhancer atlas of the developing telencephalon. Cell, 152(4), 
895-908.

https://www.ncbi.nlm.nih.gov/pubmed/23754372
https://www.ncbi.nlm.nih.gov/pubmed/23754372
https://www.ncbi.nlm.nih.gov/pubmed/17360682
https://www.ncbi.nlm.nih.gov/pubmed/17360682
https://www.ncbi.nlm.nih.gov/pubmed/20798050
https://www.ncbi.nlm.nih.gov/pubmed/20798050
https://www.ncbi.nlm.nih.gov/pubmed/19338502
https://www.ncbi.nlm.nih.gov/pubmed/19338502
https://www.ncbi.nlm.nih.gov/pubmed/18344993
https://www.ncbi.nlm.nih.gov/pubmed/18344993
https://www.researchgate.net/publication/227857807_Evolution_of_columns_modules_and_domains_in_the_neocortex_of_primates
https://www.researchgate.net/publication/227857807_Evolution_of_columns_modules_and_domains_in_the_neocortex_of_primates
https://www.ncbi.nlm.nih.gov/pubmed/20436478
https://www.ncbi.nlm.nih.gov/pubmed/20436478
https://www.ncbi.nlm.nih.gov/pubmed/20436478
https://www.ncbi.nlm.nih.gov/pubmed/23375746
https://www.ncbi.nlm.nih.gov/pubmed/23375746


Vanessa Novaes Barros. (2018). The Differences in Gene Expression in the Brain of Rats and Monkeys May 
Explain Cognitive Differences Between these Orders. CPQ Medicine, 1(1), 01-06.

Vanessa Novaes Barros, CPQ Medicine (2018) 1:1 Page 6 of 6

9. Matsunaga, E., Nambu, S., Oka, M. & Iriki, A. (2015). Comparative analysis of developmentally regulated 
expressions og Gadd45A, Gadd45B, and Gadd45g in the mouse and marmoset cerebral córtex. Neuroscience, 
284, 566-580.

10. Barros, V. N., Mundim, M., Galindo, L. T., Bittencourt, S., Porcionatto, M. & Mello, L. E. (2015). The 
Pattern of c-Fos expression. and its refrectory period in the brain of rats and monkeys. Frontiers in Cellular 
Neuroscience, 9, 72.

https://www.ncbi.nlm.nih.gov/pubmed/25450958
https://www.ncbi.nlm.nih.gov/pubmed/25450958
https://www.ncbi.nlm.nih.gov/pubmed/25450958
https://www.ncbi.nlm.nih.gov/pubmed/25814929
https://www.ncbi.nlm.nih.gov/pubmed/25814929
https://www.ncbi.nlm.nih.gov/pubmed/25814929

