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 Background: In mammals, the loop of Henle is a structure located in the medullary 
portion of the kidneys and is formed by flat cells and round nucleus. This structure has 
the function of reabsorbing water, sodium and magnesium, and makes mammals able to 
reduce the volume of the urine by increasing the osmotic concentration. In reptiles, this 
structure is said to be non-existent, however, it has already been described in the 
Geochelone carbonaria tortoise, one of the two Brazilian species of tortoise. Objective: 
The aim of this study was to verify if the other species of Brazilian tortoise, the G. 
denticulata, has a Loop of Henle by histological analyze. Results: In the kidney of a 
specimen from a wild animal breeding center in Pará, Brazil it were found the presence 
of renal glomeruli, proximal convoluted tubule, the loop of Henle, and distal 
convoluted tubule in the nephron of the species. These structures had histological 
characteristics similar to those found in other animals, except the loop of Henle, which, 
although present, did not have squamous cells, but cubical basophilic cells. The 
presence of this portion of the nephron is of importance in the care of this species, due 
to the possibility of using drugs that act directly on this structure, for example, 
furosemide, which acts as a vasodilator and is associated to the decrease in sodium 
retention and increase in the synthesis of some prostaglandins in the treatment of edema 
associated with congestive heart failure, cirrhosis and chronic kidney disease, including 
nephritic syndrome, as adjuvant in the treatment of acute pulmonary edema in 
hypertensive crisis and mild to moderate hypertension associated with other anti-
hypertension agents. Conclusion: With this study we can conclude that unlike most 
reptiles, G. denticulate a specie of Brazilian tortoise, has loop of Henle in the nephron.  

 
INTRODUCTION  

 
In vertebrates, the nephron is the functional and structural unit of the kidney (Welsch and Storch, 1976). 

The nephrons have a renal corpuscle which is formed by the Bowman’s capsule with its visceral and parietal 
portions and glomeruli that are twisted capillaries; proximal convoluted tubule; the loop of Henle and distal 
convoluted tubule. After the nephron, there are collecting tubules that drain the contents into the calyxes and 
finally into the ureter (Samuelson, 2003). 

In mammals the loop of Henle is a structure located in the medullary portion of the kidneys and is formed 
by flat cells and round nucleus (Bacha and Bacha, 2003); it has the main function of reabsorbing water, sodium 
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and magnesium. This structure makes mammals able to reduce the volume of the urine and increase its osmotic 
concentration several times in relation to the osmotic concentration of the blood plasma (Pough, 1993). 

Studies involving reptiles (Ashley, 1969; Pough, 1993; Mader, 1996; Xu et al., 2012; Bacha and Bacha, 
2003; Carvalho, 2013) report that reptile kidneys do not have the loop of Henle in their nephrons; in fact, 
according to Ashley (1969), these animals do not even have the medullary region in which much of the loop of 
Henle is allocated in other animals. Their nephrons would be of the cortical type without the presence of the 
loop of Henle. Due to the absence of the loop of Henle, reptiles cannot concentrate urine as mammals do 
(Mader, 1996), thus, their urine is not hyperosmotic (Xu et al., 2012).  

In the nephron of mammals, the proximal convoluted tubule is formed by cubic basophilic cells with brush 
borders, which are difficult to identify between cells due to basolateral interdigitate. The loop of Henle is 
formed by a loop of squamous cells and the distal convoluted tubule is formed by more acidophilus cubical cells 
without brush borders, and with very visible demarcation between cells (Faria, 2003; Junqueira and Carneiro, 
2004; Hoff et al., 1984). 

The presence or absence of the loop of Henle in the nephron is of clinical importance in the animals, since 
there are drugs that act exactly in the loop of Henle, such as furosemide. This drug is widely used especially in 
acute cases because it is a fast-acting diuretic (Martindale, 1991; Silva, 1994).  Furosemide is very useful in 
veterinary practice, due to its prompt action, high ability to remove interstitial fluids, its medium toxicity and 
rapid elimination from the body (Adams, 2003). 

Contrary to information found in literature, the G. carbonária, one of the two tortoise species in Brazil, has 
the loop of Henle in its nephrons (Faria, 2003), making it possible to use drugs for this species that act in the 
loop of Henle. This is the unique study which was found loop of Henle in the nephron of reptiles. As already 
mentioned, there are two species of tortoises in Brazil, the Geochelone carbonaria and the Geochelone 
denticulata, both having similar body size, diet, shape and behavior, but differing in their areas of occurrence. 
They can also be differentiated by the coloration of the legs and by some morphological characteristics 
described in literature (Willians, 1960; Castanõ-Mora and Lugo-Rugeles, 1981; Prichard and Trebbau, 1984; 
Moskovits, 1998). 

The efficacy of the use of furosemide in G. carbonaria was confirmed by our study group when a specimen 
was treated at the Veterinary Hospital of the Agricultural Sciences Center of the Federal University of Paraiba, 
Brazil. The specimen had dysuria, among other symptoms, and based on the statement of Faria (2003) that this 
species has a loop of Henle, furosemide was used and its efficiency was confirmed after the animal was able to 
urinate.  

To confirm that the other species of Brazilian tortoise, the G. denticulata, also had this structure in its 
nephrons, kidney fragments were collected from a G. denticulata specimen from a wild animal breeding center 
authorized by IBAMA, located in Castanhal, Pará, Brazil; this specimen had died of unknown causes. The 
fragments were fixed in 10% formalin and embedded in paraffin according to standard protocol (Heleno et al., 
2011; Cruz et al., 2015; Felix et al., 2015). Microtoming was performed on the block of paraffin at a thickness 
of 5 µm and hematoxylin-eosin staining was used. The photomicrographs were digitalized and analyzed on an 
Olympus BX-60 microscope and ZeissAxioCam camera with MoticImage Plus 2.0 program. 

Histologically, it was possible to identify the presence of the loop of Henle in the kidney of G. denticulata 
(Figures 1 and 2). The characteristics found in the nephrons of this species were similar to those described by 
Faria (2003) for the G. carbonaria tortoise. The glomerulus was similar to that of mammals with Bowman's 
capsule, parietal portion, then came the capsular space in which the glomerulus was seen, which was surrounded 
by the visceral portion of the Bowman's capsule; the proximal convoluted tubules were formed by a single layer 
of cubical cells, having a small lumen with brush border; distal convoluted tubules were concentrated in the 
medullary portion, unlike that of mammals, that are in the cortex (Samuelson, 2007). The tubules were also 
formed by a single layer of cubic cells with a greater tubular light without microvilli. The loop of Henle was 
also found in medullary portion, and this structure was formed by a layer of cubic basophilic cells, unlike the 
squamous cells found in mammals (Samuelson, 2007). After the nephrons, the collecting tubules were found, 
which were formed by prismatic acidophilus cells with greater light than the convoluted tubules, similar to those 
in mammals (Samuelson, 2007; Junqueira and Carneiro, 2013). 

Once the presence of the loop of Henle was also proven in this species of Brazilian tortoise, the possibility 
of using drugs with activity in this segment of the nephron is technically justified. Among these drugs, as 
aforementioned, furosemide may be used as a vasodilator, and it is linked to the decrease in sodium retention 
and increase in the synthesis of some prostaglandins, in the treatment of edema associated with congestive heart 
failure, liver cirrhosis and chronic kidney disease, including nephritic syndrome, as an adjuvant in the treatment 
of acute pulmonary edema, in a hypertensive crisis, and in mild to moderate hypertension associated with other 
antihypertensive agents (Martindale, 1991; Ponto and Shoenwald, 1990). It may also be used in cases of liver 
diseases and conditions accompanied by hypercalcemia and oliguria by renal failure (Martindale, 1991; Ponto 
and Shoenwald, 1990). In addition to the account given in this article, there is already a report in literature of the 
use of furosemide in G. carbonaria, the other Brazilian species previously described as having the loop of 
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Henle; in this case, furosemide was used as adjuvant for the treatment of pulmonary edema caused by bacterial 
pneumonia (Silveira, 2014).  

This study describes the loop of Henle in the nephrons of the G. denticulata tortoise for the first time, 
corroborating findings by Faria (2013) for G. carbonária, and contradicting other studies with reptiles (Ashley, 
1969; Pough, 1993; Mader 1996; Xu et al., 2012;. Bacha and Bacha, 2003; Carvalho, 2013) that describe the 
absence of the loop of Henle in reptiles. Given its presence in the two species of Brazilian tortoises, further 
studies involving other species should be performed to verify the presence or absence of this structure which 
enables the use of drugs that act in the loop of Henle and offers subsidies for the veterinary care of reptiles. 
Thus, we conclude that unlike most reptiles, G. denticulate a specie of Brazilian tortoise, has loop of Henle in 
the nephron, therefore G. denticulate can to concentrate more the urine and be treated with drugs that act 
directly on loop of Henle. 

 

 
 
Fig. 1: Photomicrographies of kidney of tortoise Geochelone denticulata. A) Distal convoluted tubule 

(asterisk). B) It is observed proximal convoluted tubule (arrow), loop of Henle (arrow heads) and 
blood vassel (asterisk). Hematoxilin-eosin stain. Bar: 100µm. 

 

 
 
Fig. 2: Photomicrographies of kidney cortical area of tortoise Geochelone denticulata. It is observed loop of 

Henle (arrows), Observa-se alças de Henle (setas), proximal convoluted tubule (arrows head) and distal 
convoluted tubule (arrow leaked). A, B) Hematoxilin-eosin stain. Bar: 300µm. 

 
 
 



123                                                                   Ana Clarisse Dias da Silva et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(13) August 2016, Pages: 120-123 

 

ACKNOWLEDGEMENTS 
 
 We would like to thank the National Counsel of Technological and Scientific Developmen (CNPq) to 

finance this study (PROCAD, n° 88881.068412/2014-01). 
 

REFERENCES 
 
Adams, H.R., 2003. Farmacologia e terapêutica em veterinária. Rio de Janeiro, Brazil: Guanabara Koogan.  
Ashley, L.M., 1969. Laboratory anatomy of the turtle. Iowa, United States of America: W.M.C. Brown. 
Bacha, W.J. and L.M. Bacha, 2003. Atlas Colorido de Histologia Veterinária. São Paulo, Brazil: Roca. 
Carvalho, C.M., 2013. Acessos cirúrgicos à cavidade celomática em quelônios. Monograph, Universidade 

de Brasília, Brasília, Brazil. 
Castaño-Mora, O.V. and M. Lugo-Rugeles, 1981. Estudio comparativo del comportamiento dos especies de 

morrocoy: Geochelone carbonaria y Geochelone denticulata, aspectos comparables de su morfologia externa. 
Cespedesia, 10: 55-122.  

Faria, T.N., 2003. Topografia e morfologia do sistema urinário de Jabuti “Geochelone carbonaria” (Spix, 
1824). M. S. thesis, Universidade de São Paulo, São Paulo, Brazil.  

Cruz, P.S., B.S.O. Ceballos, L.G. Barbosa, M.L. Rodrigues, R.R. Guerra, 2015. Histological changes in the 
gills and digestive system of tilapias (Oreochromis niloticus) raised in eutrophic environments. Australian 
Journal of Basic and Applied Sciences, 9: 31-36. 

Felix, T.R., T.S. Oliveira Neto, I.N. Nascimento, R.B. Lucena, L.G. Barbosa, M.L. Rodrigues, R.R. Guerra, 
2015. Eutrophication and Effects Under Fish Histology in Shallow Lake in Semiarid of Brazil. Australian 
Journal of Basic and Applied Sciences, 9: 668-673. 

Heleno, R.A., L.M. Santos, M.A. Miglino, J.A. Peres and R.R. Guerra, 2011. Biometria, histologia e 
morfometria do sistema digestório do cachorro-do-mato (Cerdocyon thous) de vida livre. Biotemas, 24: 111-
119. 

Hoff, G.L., F.L. Frye and E.R. Jacobson, 1984. Diseases of amphibians and reptiles. London, England: 
Plenum Press.  

Junqueira, L.C. and J. Carneiro, 2004. Histologia Básica. Rio de Janeiro, Brazil: Guanabara Koogan.  
Mader, D., 1996. Reptile medicine and surgery. Pennsylvania, United States of America: W.B. Saunders. 
Martindale, W.H., 1991. The extra pharmacopoeia. London, England: Pharmaceutical Press. 
Moskovits, D.K., 1998. Population and ecology of the tortoises Geochelone carbonaria and G. denticulata 

on the Ilha de Maracá. Maracá, Brazil: The Biodiversity and Environment of an Amazonian Rainforest. 
Ponto, L.B., R.D. Shoenwald, 1990. Furosemide (frusemide) a pharmacokinetic/pharmacodinamic. Review 

(Part I). Clin. Pharmacokinet., 18(5): 381-408. 
Pough, F.H., 1997.  Herpetology. New Jersey, United States of America: Prentice Hall. 
Pritchard, P.C.H. and P. Trebbau, 1984. The Turtles of Venezuela, Fundación de Internados Rurales 

(Venezuela), Society for the study of Amphibians and Reptiles, pp: 111-117. 
Samuelson, D.A., 2007. Tratado de Histologia Veterinária. São Paulo, Brazil: Elsevier. 
Silva, P., 1994. Farmacologia. Rio de Janeiro, Brazil: Guanabara Koogan. 
Silveira, M.M. and T.O. Morgado, 2014. Pneumonia bacteriana em jabuti-piranga (Chelonoidis 

carbonaria): aspectos clínicos, microbiológicos, radiológicos e terapêutica. Brazilian Journal of Veterinary 
Research, pp: 891-895. 

Xu, C.S.,  P. Yang, H.J. Bao, X.G. Bian and Q.S. Chen, 2012. Ultrastructure of the nephron in the soft-
shelled turtle, Pelodiscus sinensis (Reptilia, Chelonia, Trionychidae). Micron, 444: 451-462. 

Welsch, U. and V. Storch, 1976. Comparative animal cytology and histology. Seattle, United States of 
America: University of Washington Press.  

Williams, E.E., 1960. Two Species of Tortoises in Northern South America. Breviora, 120: 1-12. 


