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Abstract Anders Retzius (1796–1860), a renowned Swedish scientist, left important contributions to 

human and animal anatomy. He was the first to discover, in 1856, two small bulges as part of the 

medial segment of the hippocampal tail. These convolutions were named “gyri Andreae Retzii” by his 

son, Gustaf Retzius (1842–1919), in honor of their discoverer, his father. The gyri of Anders Retzius 

consist of a CA1 subfield and the subiculum. These areas feature marked connections with the 

entorhinal cortex and other hippocampal subfields. Only assumptions can be made at present regarding 

the physiological role of the gyri of Anders Retzius, in conjunction with the involvement of the CA1 

hippocampal field in neuropathological conditions. 
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Introduction 

Born in Lund, Sweden, the anatomist and anthropologist Anders Adolf Retzius (1796–1860) was 

initiated into zoology by his father, Anders Jahan Retzius (1742–1821), a professor of natural history 

at the University of Lund. Anders A. Retzius obtained his Doctor of Medicine degree from the 

University of Lund in 1819 and was appointed professor of anatomy at the Karolinska Institute at the 

age of 28 years [1, 2]. He was introduced to microscopy by Jan Evangelista Purkyně (1787–1869) in 

1833 during the Congress of Naturalists at Breslau. Magnus Gustaf Retzius (1842–1919), his son, was 

the renowned Swedish neuroanatomist [3]. Biographical details on Anders Retzius can be found in a 

classical article by Larsell [1] and in a more recent note [2].    

 The biomedical research contributions of Anders Retzius include the discovery of the interrenal 

organ of Elasmobranchs, pioneering studies in the comparative anatomy of Myxine glutinosa, the 

Amphioxus, birds, reptiles and the horse, the discovery that the rami communicantes between the 

cerebrospinal nerves and the sympathetic trunk are connected with the ventral, in addition to the dorsal 

nerve roots, the description of the peripheral canal of the cornea (subsequently termed the “canal of 

Schlemm”) and the description of the brown striae of the tooth enamel or “contour lines (striae) of 

Retzius.” He further studied the anatomy of the stomach (divisions of the pyloric antrum and canal and 

inner surface of the lesser curvature). Another medical eponym is the “cave of Retzius,” i.e. the 

extraperitoneal prevesical space in the ventral body wall [1, 2].   

Retzius is also considered one of the founders of physical anthropology. He pioneered 

craniometry as a method, and attempted to classify human races on the basis of the anthropometric 

aspect of their skull, an approach destined to have important developments in the second half of the 

nineteenth century. He is credited with coining terms such as brachycephalic and dolichocephalic [1]. 
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The gyri Andreae Retzii 

Retzius discovered, and reported before the Meeting of Scandinavian Natural Scientists in Christiania 

(Oslo today) on July 17, 1856 (Fig. 1 and 2), a group of subsplenial gyri, located between the 

hippocampal gyrus and the dentate gyrus [1, 4, 5]. These gyri are small round eminences and they 

appear to be rudimentary in the human brain; Retzius also found them in other mammals, such as cats, 

dogs, seals, pigs, oxen and sheep [1]. To credit his father with the discovery, Gustaf Retzius [6–8] 

termed the convolutions “gyri Andreae Retzii” (Latin for gyri of Anders Retzius) [1, 9].  

The gyri of Retzius (Fig. 3 and 4) were subsequently confirmed and designated “callosal 

convolutions” by Emil Zuckerkandl [10, 11] in Vienna. They appear as round or oval elevations on the 

medial surface of the hippocampal gyrus, beneath the splenium and in the angle formed by the dentate 

and hippocampal gyri. They are not constant and may be little more than mere suggestions, or, when 

strongly developed, may resemble a spirally-wound cord. Carlo Giacomini [12] reckoned them, in 

view of their structure, as belonging to Ammon’s horn.  

To better understand the transition of the limbic lobe to the isthmus, one may imagine that the 

retrosplenial region is excised and stretched, such that the gyri and sulci would appear distended and 

flattened out. The schematic details can be found in figures 57, 58 and 60 in Economo [14]. The areas 

of this region with their boundaries are readily discernible, and the intricacy and complexity of the 

individual cytoarchitectonic fields, as well as the small individual details of the cellular structure, may 

be better studied, considering the intricate relations between retrosplenial and hippocampal fields. In 

cross-section, cytoarchitectonic areas can be seen extending in this transition zone between the 

retrosplenial region, the isthmus and the hippocampus. In the gradual passage of the structures of the 

dentate gyrus and the fascia dentata into the fasciolar gyrus, the areas comprise the “intralimbic gyri” 

of Anders Retzius and the protrusions of the subicular wall and the dentate gyrus [13, 14]. 

Belonging to the telencephalon, the gyri of Anders Retzius are conceived as a portion of the 

parahippocampal gyrus and as part of the middle segment of the hippocampal tail along with the 

fasciolar gyrus and the fasciola cinerea [15, 16]. They are formed as the parahippocampal gyrus meets 

the retrosplenial region. The CA1 layer, which is heavily folded, sometimes raises the surface of the 

parahippocampal gyrus, producing the gyri of Anders Retzius [16]. This irregular region of human 



 5

cortex marks the caudal limit of the hippocampal formation and is composed principally of field CA1 

and the subiculum [17]. Two obliquely oriented small gyri are located deep to the gyri of Anders 

Retzius: the more medial of the two is the fasciola cinerea, which corresponds to the caudalmost part 

of the dentate gyrus, and the most lateral is the fasciolar gyrus, which corresponds to the caudal pole 

of the CA3 field [17]. The caudal hippocampus is directed toward the splenium of the corpus 

callosum, and the hippocampal rudiment known as the indusium griseum continues dorsally above the 

corpus callosum. Although present from birth, these structures are not easy to identify upon structural 

MRI examination [18]. The fasciolar gyrus is separated from the fasciola cinerea by the 

dentatofasciolar sulcus [16].  

In terms of cellular structure, the intralimbic “gyri Andreae Retzii” display allocortical 

morphological features; the allocortex is a phylogenetically older cortical form, characterized by the 

presence of three layers of neurons, in contrast to the more recent isocortex, which is typified by six 

layers of neurons [2, 14]. The microscopic appearance of the gyri of Retzius can be seen in Plates LIII 

and LIV of the Atlas of Economo and Koskinas [13], which depict, respectively, the dome of the 

intermediate short gyrus of Retzius, and the shallow sulcus floor between the intermediate short gyrus 

and the second short gyrus of Retzius. 

The gyri of Anders Retzius have been referred also with the terms “gyri retrospleniales” [19, 20] 

or “eminentiae subcallosae” [11], which may sometimes lead to confusion with other cortical regions 

[16]. 

 

Anatomical connections  

The gyri Andreae Retzii are composed mainly of CA1 and subicular layers, when the CA1 is heavily 

folded. There are not any available findings specifically related to the function of these small bulges, 

other than that they belong to the hippocampal formation. One might assume certain physiological 

properties of the gyri of Anders Retzius based on findings on the connectivity of the hippocampal CA1 

field and the subiculum and their circuit with the entorhinal cortex. 

All regions of the entorhinal cortex project to all parts of the hippocampal formation, i.e. the 

dentate gyrus, fields CA1–CA3, and the subiculum. Cells of layer III of the entorhinal cortex project 
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to CA1 and the subiculum [21]. CA1 pyramidal neurons also receive projections from the CA3 region 

that originate in the dentate gyrus; the latter has granule cells that send mossy fibers to field CA3 [22]. 

CA1 cell dendrites that also receive projections from CA3 cells are characterized by remarkable 

synaptic plasticity [23]. The entorhinal-CA1-subiculum connectivity is rather exact, a fact that permits 

a highly ordered processing of information [21]. 

The circuitry of the regions under consideration is complex, with the entorhinal cortex providing 

and receiving output from CA1 via the subiculum, which in turn provides a major input back to the 

entorhinal cortex [24]. All regions of the subiculum receive CA1 projections and all portions of CA1 

project to the subiculum [25]. With regard to the physiology of CA1, where the gyri of Anders Retzius 

belong along with the subiculum, is the region with the highest concentration of N-methyl-D-aspartate 

(NMDA) receptors in the brain. This implies that the region may be closely linked to memory and 

learning, given the fact that NMDA receptor activity underpins long-term potentiation [24]. Based on 

these arguments, one might conjecture that the gyri of Anders Retzius have similar properties to the 

CA1 field and the subiculum. 

 

Place cells and temporal sequence of information 

In the study of O’Keefe and Dostrovsky [26] in rats, CA1 cells were spontaneously activated and only 

fired in specific directions of their environment. These are the so-called “place cells.” There is strong 

evidence that synaptic plasticity at CA1 synapses is essential for spatial learning [27]. The CA1 area is 

also required for contextual memory [28]. One of the most striking properties of CA1 place cells is the 

temporal sequence of information [29]. Moreover, the ventral CA1 area seems to contribute to the 

sequence of information that includes odors [30]. Findings such as these take us back to the original 

idea that the gyri of Anders Retzius may be associated with the olfactory system [1]. 

 

Neuropathology 

Regarding the pathology of the region, CA1-subiculum hyperactivity is the only region the activity of 

which has been associated with clinical signs related to psychosis [23]. The subiculum regulates the 

hypothalamic-hypophyseal-adrenal axis stress response and the CA1-subicular axis is itself profoundly 
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affected by behavioral and systemic stress, given that the hippocampus contains the highest 

concentration of glucocorticoid receptors in the brain [24]. In the study of van Hoesen and Hyman 

[31] it became clear that the CA1-subicular area is severely affected, with thinning of the cortex and 

loss of pyramidal cells, in all cases of Alzheimer disease; therefore, such cell-specific changes in 

circuits of major input and output links to the cerebral cortex and subcortical areas are critical to the 

understanding of the physiology of the region. 



 8

REFERENCES 

1. Larsell O (1924) Anders A. Retzius (1796–1860). Ann Med Hist 6:16–24 

2. Triarhou LC (2013) Anders Retzius (1796–1860). J Neurol 260:1445–1446 

3. Grant G (2011) Gustaf Retzius (1842–1919). J Neurol 258:706–707  

4. Retzius A (1856) Om grå vindlar (gyri) på undre sidan af Hvalfvet (fornix) och valken (splenium) i hjernan 

hos menniskan och djur (Forhandlinger ved de Skandinaviske Naturforskeres Syvende Möde i Christiania 

den 12–18 Juli 1856). Trykt hos Carl C. Werner & Comp., Christiania, p 430–432 

5. Retzius A (1859) On grey convolutions on the under surface of the fornix and the so-called splenium 

corporis callosi in man and animals (translated by W. D. Moore). Dublin Med Press 13:388–389 

6. Retzius G (1878) Notiz über die Windungen an der unteren Fläche des Splenium corporis callosi beim 

Menschen und bei Thieren. Arch Anat Physiol Anat Abth 1877:474–479 

7. Retzius G (1896) Das Menschenhirn: Studien in der makroskopischen Morphologie, 2 vols. Königliche 

Buchdruckerei P. A. Norstedt & Söner, Stockholm 

8. Retzius G (1898) Zur Morphologie der Fascia dentata und ihrer Umgebungen. Biol Untersuch N Folge 

(Jena) 8:49–58  

9. Santee HE (1915) Anatomy of the Brain and Spinal Cord with Special Reference to Mechanism and 

Function for Students and Practitioners, 5th edn. P. Blakiston’s Son & Company, Philadelphia  

10. Zuckerkandl E (1877) Beitrag zur Morphologie des Gehirnes. Z Anat Entwickel-Gesch 2:442–450 

11. Zuckerkandl E (1887) Über das Riechcentrum: eine vergleichend-anatomische Studie. Ferdinand Enke, 

Stuttgart 

12. Giacomini C (1883) Fascia dentata del grande ippocampo nel cervello umano. Giorn Reg Accad Med 

Torino (3 ser) 31:674–742  

13. Economo C von, Koskinas GN (2008) Atlas of Cytoarchitectonics of the Adult Human Cerebral Cortex 

(revised, translated and edited by L.C. Triarhou). Karger, Basel 

14. Economo C von (2009) Cellular Structure of the Human Celebral Cortex (translated and edited by L.C. 

Triarhou). Karger, Basel 

15. Hirsch MC (1999) Dictionary of Human Neuroanatomy. Springer-Verlag, Berlin, p 4 

16. Duvernoy H, Cattin F, Risold P-Y (2013) The Human Hippocampus: Functional Anatomy, Vascularization 

and Serial Sections with MRI, 4th edn. Springer-Verlag, Berlin, p 43 

17. Andersen P, Morris R, Amaral D, Bliss T, O’Keefe J (2007) The Hippocampus Book. Oxford University 

Press, New York, p 51 

18. Insausti R, Cebada-Sánchez S, Marcos P (2010) Postnatal development of the human hippocampal 

formation. Adv Anat Embryol Cell Biol 206:1–86 

19. Riley HA (1960) An Atlas of the Basal Ganglia, Brain Stem and Spinal Cord. Hafner, New York 

20. Naidich TP, Daniels DL, Haughton VM, Williams A, Pojunas K, Palacios E (1987) Hippocampal 

formation and related structures of the limbic lobe: anatomic-MR correlation. Part I. Surface features and 

coronal sections. Radiology 162:747–754 

21. Canto CB, Wouterlood FG, Witter MP (2008) What does the anatomical organization of the entorhinal 

cortex tell us? Neural Plast 2008:381243. doi: 10.1155/2008/381243 

22. Cameron JL (2001) Effects of sex hormones on brain development. In: Nelson CA, Luciana M (eds) 



 9

Handbook of Developmental Cognitive Neuroscience. MIT Press, Cambridge, MA, p 59–77 

23. Crozier RA, Philpot BD, Sawtell NB, Bear MF (2004) Long-term plasticity of glutamatergic synaptic 

transmission in the cerebral cortex. In: Gazzaniga MS (ed) The Cognitive Neurosciences III. MIT Press, 

Cambridge, MA, p 109–126 

24. Wible CG (2013) Hippocampal physiology, structure and function and the neuroscience of schizophrenia: a 

unified account of declarative memory deficits, working deficits and schizophrenia symptoms. Behav Sci 

3:298–315 

25. O’Mara S (2005) The subiculum: what it does, what it might do and what neuroanatomy has yet to tell us. J 

Anat 207:271–282  

26. O’Keefe J, Dostrovsky J (1971) The hippocampus as a spatial map: preliminary evidence from unit activity 

in the freely-moving rat. Brain Res 34:171–175 

27. Wilson MA, Tonegawa S (1997) Synaptic plasticity, place cells and spatial memory: study with second 

generation knockouts. Trends Neurosci 20:102–106 

28. Ji J, Maren S (2008) Differential roles for hippocampal areas CA1 and CA3 in the contextual encoding and 

retrieval of extinguished fear. Learn Mem 15:244–251 

29. Mizumori SJY, Smith DM, Puryear CB (2007) Mnemonic contributions of hippocampal place cells. In: 

Kesner RP, Martinez JL (eds) Neurobiology of Learning and Memory, 2nd edn. Academic Press, 

Burlington, MA, p 155–189  

30. Kesner RP, Hunsaker MR, Ziegler W (2010) The role of the dorsal CA1 and ventral CA1 in memory for 

the temporal order of a sequence of odors. Neurobiol Learn Mem 93:111–116 

31. van Hoesen GW, Hyman BT (1990) Hippocampal formation: anatomy and the patterns of pathology in 

Alzheimer’s disease. Prog Brain Res 83:445–457  



 10

Figures 

 

Fig. 1. The original presentation by Anders Retzius [4] of his gyri to the Society of Scandinavian Natural 

Scientists. Text digitally rearranged to fit in two pages. Credit: The Royal Library of Copenhagen, Denmark. 
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Fig. 2. The English translation of Retzius presentation, published three years later in Dublin [5]. Text digitally 

rearranged to fit in one page. Credit: Genes Reunited / British Newspaper Archive, United Kingdom.  
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Fig. 3. Macroscopic anatomy of the gyri of Anders Retzius in the human brain. From plate XLIX in Gustaf 

Retzius’ Atlas of the human brain [7]. Upper row: left (marked 6), a fetus of crown-rump length of 48 cm; center 

(marked 8), part from the cerebral hemisphere of a 3-month-old infant (natural size); right (marked 9), from a 

19-year-old woman. Middle row: left (marked 10), the splenium of the corpus callosum and the fornix in the 

right cerebral hemisphere as the previous figure; center and right (marked 11 and 12), the splenium of the corpus 

callosum, right and left halves, of a 43-year-old man. Lower row: left (marked 13), left half of the splenium in a 

65-year-old man; center (marked 14), right half of the splenium in a 61-year-old woman; right (marked 15), right 

half of the splenium in a 62-year-old man. Magnification ×0.85. Tissues fixed in potassium bichromate (6, 8) or 

formalin (9–15). Abbreviations: gd, gyrus dentatus; gf, gyrus fasciolaris; gs, gyrus subsplenialis; gar, gyri 

Andreae Retzii; d, gyri digitati; lg, limbus Giacomini; sl, gyrus semilunaris; a, gyrus ambiens; sa, sulcus 

semiannularis. Figures 6, 8 and 11–14 drawn by Sigrid Andersson, figures 9, 10 and 15 drawn by Ebba Flodman. 
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Fig. 4. Comparative anatomy of the gyri of Anders Retzius. Morphology of the fascia dentata and its vicinity. 

From plate XIV, figures 3–6 (upper row and lower left figure), and plate XV, figure 1 (lower right figure) in 

Retzius [8]. Upper row: left (marked 3), bat brain (Pteropus medius), medial view (magnification ×3); center 

(marked 4), rabbit brain, seen after removal of the brainstem and with the hemispheres bent from below (natural 

size); right (marked 5), brain of the domestic dog (Canis familiaris), seen from below with the brainstem 

removed (natural size). Lower row: left (marked 6), part of the left half of a median cut of the canine brain, seen 

from inside and below (magnification ×3); right (marked 1), part of the left half of a median section of the brain 

of Ursus arctos, viewed from inside and below (magnification ×3). Abbreviations: c, corpus callosum; cd, 

commissura dorsalis; cv, commissura ventralis anterior; bo, bulbus olfactorius; to, tuberculum olfactorium; d, 

fascia dentata (gyrus dentatus); lg, limbus Giacomini; ap, area precommissuralis; f, fornix and fimbria; fa, 

fasciculus annularis anterior (Ziehen), gyrus subcallosus (Zuckerkandl); x, gyrus fasciolaris and the part located 

inside of the fascia dentata; ar, gyri Andreae Retzii (Zuckerkandl’s Balkenwindungen); tr, gyrus transversus 

hippocampi (canine brain); sm, stria Lancisi medialis; sl, stria Lancisi lateralis; l, gyrus lunaris. Figures drawn by 

Gustaf Wennman (upper left, lower row) and Sigrid Andersson (upper center and right). 

 


