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ABSTRACT. Out of the two families of glucose transporters identified, 

the sodium-dependent glucose co-transporters contribute to renal glucose 

reabsorption. Due to the lack of knowledges of the localization of SGLTs 

in bird's kidneys, the present study aimed to immunolocalize Na+-glucose 

co-transporters SGLT1 and SGLT2 in ostrich's kidneys. In the study 

kidney material derived from five 14 days old female ostriches. Material 

0.5–1.0 cm in diameter was fixed in 10% formalin, dehydrated, embedded 

into paraffin; thereafter slices 7 μm in thickness were cut and deparaffi-

nized, followed by immunohistochemical staining with polyclonal 

primary antibodies Rabbit anti-SGLT1 and Rabbit anti-SGLT2 (Abcam, 

UK) according to the manufacturers' guidelines (IHC kit, Abcam, UK). 

Our study revealed the immunohistochemical localization of SGLT1 and 

SGLT2 in the proximal tubules of the renal cortex. The immunohisto-

chemical locations of sodium-dependent glucose transporters resembled 

those in mammals. 

© 2020 Akadeemiline Põllumajanduse Selts. | © 2020 Estonian Academic Agricultural Society. 

 

Introduction 

In the body, glucose is the central source of energy 

and the glucose homeostasis is of critical importance to 

health (Hruby, 1997). Kidneys play a role in glucose 

homeostasis in the body by ensuring that glucose is not 

lost in the urine (Ghezzi et al. 2018). Two families of 

glucose transporters have been identified: the facili-

tated-diffusion glucose transporter family (GLUT 

family), and the NA(+)-dependent glucose co-transpor-

ters (or sodium-glucose linked transporters, SGLT 

family) (Takata, 1996). Sodium-dependent glucose co-

transporters are a family of glucose transporters found 

in the intestinal mucosa of the small intestine and the 

proximal tubule of the nephron (Miller, Bihler, 1961; 

Wright 2001). Membrane proteins which are respon-

sible for glucose reabsorption from the kidney's glome-

rular filtrate are sodium-glucose co-transporters 

SGLT1 and SGLT2 (Vallon, Thomson 2012; Haas et 

al., 2014). 
SGLT2, the major co-transporter involved in glucose 

reabsorption in the kidney, is located in the beginning 

part of the proximal tubule and is responsible for re-

absorption of 80–90% of the glucose filtered by the 

glomerulus (You et al., 1995; Bonora et al., 2020). 

Most of the remaining glucose absorption is carried out 

by SGLT1 in more distal sections of the proximal 

tubule (Horiba et al., 2003; Vallon, Thomson, 2012) of 

the kidney. Failures of these transporters in kidneys 

result in the excretion of filtered glucose in the urine 

(Wright et al., 2007). 
As most of the experiments on kidney's SGLTs have 

been carried out in rats and mice, the renal locations of 

both transporters are well established in animals 

(Takata, 1996; Hussar et al., 2004; Vrhovac et al., 

2015). However, due to the scarce information availab-

le on the molecular basis of glucose transport in bird's 

kidneys, the aim of the present study was the immuno-

histochemical localization of SGLT1 and SGLT2 in the 

kidneys of ostriches chicken. 

Material and methods 

The study was carried out on five 14 days old female 

ostriches (Struthio camelus var. Domesticus). The com-

mercial ostrich chicken's feed – Strus Premium-Strus 1 

and water were available ad libitum. Tissue sections 

0.5–1.0 cm in diameter were removed from renal cortex 

https://dx.doi.org/10.15159/jas.20.23
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=30132032


148 Piret Hussar, Ilmārs Dūrītis, Florina Popovska-Percinic, Tõnu Järveots  

Agraarteadus | Journal of Agricultural Science 2 ● XXXI ● 2020 147–150 

and medulla, fixed in 10% formalin, dehydrated in a 

tissue processor and embedded into paraffin according 

to the standardized tissue histological procedure 

(Carson, 1997). Slices 7μm thick were cut (microtome 

Microm HM360), floated on Poly-L-Lysine coated 

slides, deparaffinized with xylene and rehydrated in a 

graded series of ethanol followed by immunohisto-

chemical staining with polyclonal primary antibodies 

Rabbit anti-SGLT1 and Rabbit anti-SGLT2 (Abcam, 

UK) in 1/1000 dilution, for 30 min at 37° C according 

to the manufacturer's guidelines (IHC kit, Abcam, UK). 

Biotinylated secondary antibody and streptavidin-

conjugated peroxidase were used for detection using 

DAB as a chromogen. Negative controls contained 

antibody diluent (Dako, S0809) instead of primary 

antibodies. Photos of the slides were taken by the 

microscope Zeiss Axioplan-2 Imaging (Germany) and 

saved to the computer for analyzing by visual control 

using a camera (AxioCam HRc, Germany) connected 

to the microscope.  
The experiments were carried out following the 

guidelines laid down by the European Communities 

Council Directive of 24 November 1986 (86/609/EEC) 

and the Ethical Committee of Latvian University of 

Agriculture has approved the experiments (protocol 

number 2014/2). 

Results 

The immunolocalization of SGLT1 and SGLT2 in 14 

days old ostrich's kidneys was performed. SGLT1 was 

detected in the epithelial cells of the straight proximal 

tubules in medullary rays and outer stripe of the renal 

medulla (Figure 1a). SGLT2 was noted on the apical 

side of the epithelial cells in the renal cortical proximal 

tubules (Figure 1b). The epithelial cells of the collec-

ting tubules as well as in the thin segment of the loop 

of Henle remained unstained for both antibodies.  

 

 
Figure 1. The immunolocalization of SGLT1 and SGLT2 in 14 days old ostriches kidneys: a) SGLT1 immunolocalized in straight 
proximal tubules in medullary rays (arrows). Bar:100 µm; b) SGLT2 in the renal cortical proximal tubules (arrows) of the 14 days 
old ostriches chicken. IHC, bar:100 µm. 
 

Discussion 

Kidneys contribute to glucose homeostasis by filtering 

and reabsorbing glucose (Mota et al., 2015). In the 

kidneys, 100% of the filtered glucose in the glomerulus 

has to be reabsorbed along the nephron. Glucose is never 

secreted by a healthy nephron. If the plasma glucose 

concentration is too high (hyperglycemia), glucose is 

excreted in urine (glycosuria) because sodium-glucose 

co-transporters are saturated with the filtered glucose.  
Among sodium-glucose co-transporters, SGLT1 and 

SGLT2 are responsible for glucose reabsorption from 

the glomerular filtrate. 'Knockout' of these transporters 

in mice and men results in the excretion of filtered 

glucose in the urine. SGLT1 is responsible for about 

10% of the tubular glucose reabsorption (Wright et al., 

2007) and has been detected on the apical (urine) side 

of the proximal tubule where it facilitates the reabsorp-

tion of urinary glucose from the glomerular filtrate 

(Castaneda-Sceppa, Castaneda, 2011). In our study, 

SGLT1 was immunolocalized also in the proximal 

tubules in medullary rays and outer stripe in the kidneys 

of ostriches chicken.  

Another member of the sodium-glucose linked trans-

porters, SGLT2, detected in the early proximal tubules, 

is the primary renal glucose transporter. SGLT2 in 

conjunction with SGLT1 resorbs glucose into the blood 

from the forming urine. By inhibiting SGLT2, and not 

targeting SGLT1, glucose is excreted which in turn 

lowers blood glucose levels. Thus SGLT2 inhibitors, 

called gliflozins, are used in the treatment of type-2 

diabetes (Song et al., 2016). The selective SGLT1 

inhibitor KGA 2727 has been developed as an antidia-

betic agent, and it efficiently blocks the transporter 

function in cells overexpressing SGLT1 (Shibazaki et 

al., 2012). LX4211, a dual SGLT1/SGLT2 inhibitor, 

improved glycemic control in patients with type-2 

diabetes in a randomized, placebo-controlled trial 

(Zambrowicz et al., 2012). LX4211 enhanced urinary 

glucose excretion by inhibiting SGLT2-mediated renal 

glucose reabsorption improving multiple measures of 

glycemic control, including fasting plasma glucose, 

oral glucose tolerance and significantly lowered serum 

triglycerides. In mammals, SGLT1 and SGLT2 have 

been noted in the brush border membrane of proximal 

tubule S1/S2 and S3 segments, respectively 
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(Aschenbach et al., 2009). Different from rodents, the 

renal expression of SGLT1 has been noted to be absent 

in thick ascending limb of Henle (TALH) and macula 

densa in human (Vrhovac et al., 2015). Our study 

revealed the renal locations of both transporters in 14 

days old ostriches chicken resembled those in rats and 

mice – SGLT1 and SGLT2 were immunolocalized on 

the apical side of the cortical proximal tubules. By the 

previous studies, SGLT1 localized in straight proximal 

tubules in medullary rays corresponding to the S3 

segment and SGLT2 in renal cortical proximal tubules 

corresponding to S1/S2 and S1 segments.  

Conclusions 

The current immunohistochemical study showed the 

SGLT1 and SGLT2 similar locations in the renal 

proximal tubules as previously detected in mammals. 

For a better understanding of the localization of the 

sodium-dependent glucose transporters in bird's kid-

neys, immunohistochemical studies on chicken in 

different ages should be carried out in future. 
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