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SUMMARY: Glucose has an essential role in the proliferation and survival of testicular tissue. Glucose transporters (GLUTS)
are responsible for glucose uptake across cell membranes. In the present work, two main isoforms GLUT1 and GLUT3 weeglinvestiga
in the testes of Laboratory mouse (BALB/c), Lesser Egyptian jedmmulis jaculus Golden hamstemMesocricetus auratysand
Desert HedgehogP@raechinus aethiopiclisimmunofluorescent localization of GLUT1 and GLUT3 showed considerable species
differences. The lowest expression of GLUT1 and GLUT3 was localized in the testis of Laboratory mouse (BALB/c), the highest
GLUT1 localization was detected in the testis of Lesser Egyptian jéthoalus jaculul and the highest GLUT3 immunofluorescent
localization was observed in the testis of HedgelRagdechinus aethiopiclisThe results imply that GLUT3 is the principal glucose
transporter in the studied testes, which is related to species differences. The different immunolocalization of GLUT ith iesi@sine
suggests using various transport systems for energy gain in different species.

KEY WORDS: GLUTL1; GLUT3; Glucose transporter; Hedgehog testis; Jerboa testis; Hamster testis.

INTRODUCTION

The majority of cells require glucose which serveproton (H+)-driven myo-inositol transporter (HMIT) are
as the fundamental fuel molecule, an essential metabdiaund in class Il (Joost & Thorens, 2001). The highest
substrate for energy demand, and vital for the proliferatioates of glucose uptake are found in the testes, where
and survival of mammalian cells including testicular cellparticular glucose transporters regulate continuous
(Alveset al, 2013). Glucose plays a supply of energy fospermatogenesis (Alves al, 2014). Various expressions
testicular development and a crucial part in the continuoirsGLUTs have been documented in the testes of different
development and quality of sperm cells (Williams & Fordanimals (Galardet al, 2008; Oliveiraet al, 2012). GLUT
2001; Miki, 2007). Glucose is a hydrophilic molecule anéxpression varies between species and is species-dependent
cannot pass through the plasma membrane, thus GLUTS.er, rat testes have been shown to express GLUT1, GLUT2
glucose facilitative transporter proteins are responsible faas localized in the testes of mice and rats, and GLUT3 in
moving glucose across cell membranes in a particular wthe testes of mice, rats, and humans (Keklal, 2004;
of various tissues (Gorovits & Charron, 2003). Glucose Kahnet al, 2017). GLUT8 is expressed in spermatids and
taken through GLUT and converted into intermediatspermatozoa and is involved in capacitation and fertilization
metabolite (Alveset al, 2013). GLUTs contain thirteen processes (Banerjet al, 2014). GLUT3 is considered a
members (GLUT1 to GLUT12 and HMIT), which displaykey mediator, prevalent in the testis, and reported in the
various kinetic characteristics and substrate specificitieglls of the seminiferous tubules, thus it is essential for
(Joost & Thorens, 2001). Nualast al (2009) noted the successful fertilization (Burant & Davidson, 1994;
classification of GLUTSs into three groups based on theltishimotoet al. 2015; Sarkar & Singh, 2017). The sperm
dependence on cellular energy. Class | contains GLUTHils express GLUTS3 in large amounts to utilize glucose
and GLUT-4. Fructose transporters including GLUT-5, 7and/or fructose, whereas sperm need a lot of ATP, which is
9, and 11 are known as Class Il. GLUT-6, 8, 10, 12, and thestly provided by glucose in the female reproductive tract
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(Simpsonet al, 2008). Kishimotaet al (2015) reported antibody binding. Primary antibody diluted in blocking
abundant expression of GLUT3 in the spermatocytes amdlution was incubated on sections overnight (Rb Anti-
spermatids. To the best of our knowledge, there is ®LUT-1 PAb, dilution, 1:100, E2840, Spring Bioscience,
published work about the comparative expression of GLUTSA) (Rb Anti-GLUT-3 PAb, dilution, 1:100, E3270,

1 and 3 in different species of mammals. Thus, the curre®pring Bioscience, USA). After each step, phosphate buffer
study examines the cellular expression of GLUT-1 angH=7.4) was used for washing. Secondary antibody FITC-
GLUT-3 in the testis of Laboratory mouse (Albino) (BALB/conjugated, goat anti-rabbit IgG (Sigma Aldrich, USA)
c), Lesser Egyptian jerboadculus jaculuy Golden (1:1000) was applied to the sections for 2 h in the dark at
hamster Mesocricetus auratys and Desert Hedgehog room temperature. Afterward, sections were coverslipped

(Paraechinus aethiopiclis with vectashield mounting media (Sigma). The slides were
photographed by a camera (AxioCam ERc5s) under a
MATERIAL AND METHOD fluorescent microscope (Axio Scope Al, Zeiss, Germany).

Negative control sections were prepared to evaluate the
Animals: Laboratory mouse (Albino) (BALB/c) was specificity of the immunoreactivity, where the primary
obtained from the Pharmacy Faculty, Taibah Universitgntibody was omitted from the procedures. The quantifying
Al-Madinah Almunawwarah, KSA. Golden hamsteimmunofluorescent color of GLUT 1 and GLUT 3 was
(Mesocricetus auratysvas obtained from a local marketcalculated by Fiji (https:// fiji.sc/).
shop in AlUla Government. Lesser Egyptian jertiza(lus
jaculug and Desert Hedgeho@4raechinus aethiopicis RESULTS
were trapped from AlUla Government, KSA from 2015 to
2017 (Seleem, 2020). Animals were kept in standard lab The hematoxylin and eosin stain showed a normal
conditions and pelleted food and water were available appearance of seminiferous tubule cells in the studied testes,
all times. All experiments were done and approvedhich consists of spermatogonia, spermatocytes,
according to the guidelines Animal Experiment Ethicadpermatids, and spermatozoa in Laboratory mouse (BALB/
Committee of Sohag University (Approval number: CSREe) (Fig. 1A), Lesser Egyptian jerbaiaculus jaculus(Fig.
22-23). The studied animals were anesthetized witlB), Golden hamsteMesocricetus auratygFig. 1C), and
ketamine/xylazine (Sotoudeh & Namavar, 2022) and thédesert HedgehodP@raechinus aethiopicygFig. 1D). PAS
euthanized by decapitation and saved in 10 % formalin fetaining showed a negative occurrence of carbohydrates in
future studies. the testis structure of Laboratory mouse (BALB/c) (Fig.

2A). PAS reaction was positive in the tails of sperms in the
Histology and Immunohistochemistry: The testes of testis of Lesser Egyptian jerbaka¢ulus jaculus(Fig. 2B),
Laboratory mouse (BALB/c), Lesser Egyptian jerbodeads of sperms in the testis of Golden hamster
(Jaculus jaculus Golden hamsteMesocricetus aurat)s (Mesocricetus auratygFig. 2C), and dark PAS staining
and Desert HedgehodPdéraechinus aethiopicyisvere in the tails and heads of desert Hedgeh®ardechinus
dissected out, cleaned, and immersed in fixative (10 &ethiopicu} (Fig. 2D).
formal alcohol) for 4 h. Dehydration process was done by .
graded concentrations of ethanol. The clearing processwas  Varying in the intensity of GLUT 1 and GLUT 3
done by xylene and toluene, then infiltration in paraffin ammunofluorescent localization was observed mainly in the
a 60 °C oven. Tissues embedded in paraffin were cut téestes of studied animals (Figs. 3 and 4; Table | and II).
thickness of 5um using a Leica Biosystems, Shanghailmmunolocalization of GLUT 1 in the testis of Laboratory
China, RM 2125RTS microtome. Harris hematoxylin anchouse (BALB/c) (A) was absent in all cells of seminiferous
eosin and periodic acid Schiff reaction (PAS) were used tobules (Fig. 3A; Table I). Expression of GLUT 1 in the
stain the sections (Survarnat al, 2013). testisoflLesser Egyptian jerbalulus jaculupwas faint
Immunofluorescence staining of GLUT1 and GLUT3 wa@ spermatogonia and spermatocytes and moderate in
done according to Sarkar & Singh (2017). Sections @apermatids, but it was not found in the spermatozoa (Fig.
positive slides were rinsed in xylene for deparaffinizatioBB; Table 1). Imnmunofluorescence of GLUT 1 in the testis
and in descending series of ethyl alcohol to water faf the Golden hamstemMesocricetus auratyswas
rehydration. Citrate buffer (pH=6) was applied to thenoderate in spermatogonia, spermatocytes, spermatids, and
sections for an hour at 10C to retrieve the antigen. To spermatozoa (Fig. 3C; Table ). Weak immunofluorescence
remove endogenous peroxidase activity, the slides wasEGLUT 1 was detected in spermatogonia, spermatocytes,
rinsed in 3 % hydrogen peroxide in methanol for 10 min aind spermatozoa but the absence of signals were noted in
room temperature. 5 % bovine serum albumin (BSA) wapermatids in the testis of Desert HedgelRaydechinus
applied to the sections for two hours to prevent non-specifiethiopicu} (Fig. 3D; Table ).
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Fig. 1. Light photomicrograph of a transverse section of H&E through the testes of Laboratory mouse (BALB/c) (A),
Lesser Egyptian jerboddculus jaculus(B), Golden hamsteMesocricetus auratg¢C), and Desert Hedgehd@draechinus
aethiopicu$ (D). Scale bar in A, B, C, and D is fufn.

GLUT3 immunofluorescent in the testis of(Jaculus jaculusand a complete absence of signals in
Laboratory mouse (BALB/c) showed weak expressiotie spermatogonia, spermatocytes, and spermatozoa (Fig.
in the spermatozoa with a complete absence of signalsliB; Table Il). The testis of the Golden hamster
spermatogonia, spermatocytes, and spermatids (Fig. 4Mesocricetus auratyexhibited weak signals of GLUT
Table I1). Faint GLUT 3 expression was detected in thgin spermatozoa and moderate signals in spermatogonia,
round spermatids of the testis of Lesser Egyptian jerbespermatocytes, and spermatids (Fig. 4C; Table II). The

Table I. GLUT 1 immunofluorescent localization in the testes of studied animals.

Species Testis cells
spermatogonia spermatocytes spermatides spermatozoa
Laboratory mous (BALB/c) ) ) ) )
Lesser Egyptian jerboddculus jaculug +) (+) (+4) )
Golden hamsteMesocricetus aurat)s (++) (++) (++) (++)
Desert Hdgehog Raraechinus aethiopiciis +) (+) ) (+)

Strong expression (+++); moderate expression (++); faint expression (+); no expression (-)
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Fig. 2. Light photomicrograph of a transverse section of PAstaining hrough the testes of Laboratory mouse (BALB/ce(A), Less
Egyptian jerboaJaculus jaculus(B), Golden hamsteMesocricetus aurat)gC), and desert Hedgehdgdraechinus aethiopicigD).
Scale bar in A, B, C, and D is in.

testis of DeserHedgehog Raraechinus aethiopicyis the lowest GLUT 1 expression was in the Laboratory
showed strong immunofluorescent localization of GLUT81ouse (BALB/c). The highest GLUT 3 immunofluorescent
in spermatozoa and moderate expression in spermatogotoaalization was observed in the testis of Hedgehog
spermatocytes, and spermatids (Fig. 4D; Table Il). TH®araechinus aethiopicysand the lowest GLUT 3
study reported that the highest GLUT 1 expression wasemnpression was noted in the testis of the Laboratory mouse
the testis of Lesser Egyptian jerbdadulus jaculusand (BALB/c).

Table Il. GLUT 3 immunofluorescent localization in the testes of studied animals.

Species Testis cells
spermatogonia spermatocytes spermatides spermatozoa
Laboratory mous (BALB/c) Q) Q) () ()
Lesser Egyptian jerboddculus jaculup ) Q] (+) Q)
Golden hamsteiMesocricetus auratys (++) (++) (++) +)
Desert Hdgehog Raraechinus aethiopiciis (++) (++) (++) (+++)

Strong expression (+++); moderate expression (++); faint expression (+); no expression (-).
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Fig. 3. Photomicrographs of GLUT1 immunofluorescent in the testes of Laboratory mouse (BALB/c) (A), Lesser Egyptian jerboa
(Jaculus jaculus(B), Golden hamsteMesocricetus auratQ4C), and Desert Hedgehdgdraechinus aethiopicyigD). spermatogonia
(Spg), spermatocytes (Spc) and spermatides (Spt), and spermatozoa (Sp). Scale bar in A, B, C, gnu.D is 10

DISCUSSION

The current study showed different immunoreactivitflbbersonet al, 2002). Hahret al (2017) reported that
of GLUT1 and GLUT3 in the testicular tissue of LaboratorysLUT1 has no significant effect on testicular function. The
mouse (BALB/c), Lesser Egyptian jerbdaulus jaculus  results of a Western blot analysis showed that rat testes had
Golden hamsterMesocricetus auratys and desert strong GLUT1 expression and there is a low level of GLUT1
Hedgehog Raraechinus aethiopicisGLUT 1 was not expression in human testes (Burant & Davidson, 1994).
observed in the sperms of studied animals and was obsereglant & Davidson (1994) and Kokt al (2007), stated
with different localization in spermatogonia, spermatocytethat GLUT1 was expressed in vascular and stromal elements
and spermatids with considerable species differences.the rat testis. According to other reports, GLUT 1 is
Previous studies have shown that GLUT 1 was not presgmesent in the head sperm of rats, humans, and bulls (Angulo
in the testes of either humans or mice (Keklal, 2004, et al, 1998).
2005). GLUT1 immunoreactivities were not detected in the
seminiferous tubules of the mouse and rat testis, butitwas  The current results demonstrated the significance of
localized in vascular endothelial cells dispersed in th®LUT-3 as a transporter, whereas it was mainly observed in
interstitial tissue (Kishimoteet al, 2015). GLUT1 spermatids and sperms depending on the species. GLUT3
immunoreactivity was not found in the mature spermatozéws a seven-fold greater affinity than Glutl, Glut2, and Glut4
and was expressed only in the spermatocytes of rat tedt@sglucose in tissues (Frolova & Moley, 2011; Zhangl,
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Fig. 4. Photomicrographs of GLUT3 immunofluorescent in the testes of Laboratory mouse (BALB/c) (A), Lesser Egyptian jerboa
(Jaculus jaculus(B), Golden hamsteMesocricetus auratggC), and Desert Hedgehdgdraechinus aethiopicyigD). spermatogonia
(Spg), spermatocytes (Spc), spermatides (Spt), and spermatozoa (Sp). Scale bar in A, B, C, apchD is 10

2012; Martinset al, 2013). The actual GLUT3 cellular spermatozoa use glucose and fructose as a main energy
localization in the mammalian testis has not been determinsbstrate and GLUT3 plays an essential role in the trafficking
yet, however, it is the predominant subtype among classfl sugars during the processes of fertilization and
GLUTs (Kokket al, 2004; Kishimotet al, 2015). GLUT3 capacitation, as well as in providing fuel to spermatozoa.
distribution pattern was different from one species to anoth@ccording to Roy and Krishna, 2013a, b, GLUT 5 has a
(Burant & Davidson, 1994; Raug al, 2006; Kishimoto crucial role in the movement of the spermatozoa’s fuel, which
et al, 2015). Supporting these findings, GLUT3 wass needed for long-term storage in the female reproductive
expressed in the spermatocytes and spermatids @dahn system of bats. Angulet al. (1998) documented the
2017). GLUT3 is expressed in mature sperms in the testesalization of GLUT-3 in the sperm midpiece of bulls, rats,
of humans, mice, and rats (Rawttal, 2006; Kishimot@t and humans. GLUT-3 was expressed in the canine sperm
al., 2015). GLUT 3 protein levels have been shown in humamembrane, where sperm motility and glucose metabolism
mouse, bull, and rat testicular cells (Burant & Davidsorwere found to be closely correlated (Rigetual, 2002).
1994; Banerjeet al, 2014). Mature sperms need GLUT3GLUT-3 localization was reported by Medragtal (2006),
expression to facilitate the uptake of glucose for successfnlboar spermatozoa. GLUT 3 might have to maintain a role
fertilization (Urner & Sakkas, 1999; Simpsenal, 2008). in the production of basic energy, which is required for testis
Supporting these findings, GLUT 3 was found in thaurvival (Mueckler, 1990). From birth until senescence, there
spermatids and spermatozoa tail of the testis of Deseras a minor difference in the expression of GLUT 3 in the
Hedgehog Raraechinus aethiopiciiswhich suggests that testes of the mice (Banerjegal, 2014). In contrast, a limited
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localization of GLUT3 immunoreactivity was observed irexpression is essential in a variety of testicular tissues and
the rat testis (Raucét al, 2006). Kishimotaet al (2015) for testosterone biosynthesis (Chedral,, 2003; Teixeiraet
found that GLUT3 was localized in the germ cell line ofl., 2012; Sarkar & Singh, 2017). Glucose entrance into the
mouse and rat testis except in spermatogonia. cell via GLUT1 and GLUT3 increases in response to
hormones (Galardet al, 2008). GLUT-5 was expressed in

The other GLUT members participate intesticular cells correlated with the height of circulating
spermatogenesis, in which their distribution pattern iestosterone during the period of mating and active
different from one species to another and their needs for thgermatogenesis (Roy & Krishna, 2013a,b). Decreased
testis's glucose/fructose transport. The expression atedtosterone synthesis or hypoandrogenism during mice
regulation of Glutl, Glut2, Glut3, and Glut4 depend on aging leads to lower glucose availability through altered
tissue and cell-specific manner. There is evidence of GLU&xpression of GLUTs 1 and 3 (Ratbal, 2013). The ovary
1, 2, 3,5, 6, 8, and 9 expression in the testes of mammhis a regulatory system to control the intake of glucose,
(Gémezet al, 2006). GLUT 8 was expressed with very higlwhereas GLUT expression in the bovine ovary is controlled
concentration in the rat testes (Doegel., 2000; Cheret by insulin growth factor (IGF)-I, follicle-stimulating
al., 2003). GLUT 8 has a role in mice testiculahormone, estradiol (E2), and interleukin-1 (Kodaman &
steroidogenesis, and expressed a significant variation duriBghrman, 1999; Nishimotet al,, 2006; Zhangt al., 2012).
different stages (high during the reproductively active phas&pnadotropin-releasing hormone modifies glucose uptake
and observed in interstitial cells (Leydig cells) in thend stimulates ovarian development by affecting Glut
interstitial tissue (Gomeet al, 2006; Kim & Moley, 2007; translocation or localization (Harret al, 2012; Zhanggt
Banerjeeet al,, 2014). Also, the mouse testis's interstitiahl., 2012). Previous studies documented expression of GLUT
cells contained GLUT-8 and 9 (Kim & Moley, 2007). GLUTmember in the testes of mice, rat, bat, dog, boar, golden
2 and 5 were localized in the bull and rat testes (Angulo hamster, bull, and human (Angwdbal, 1998; Kokket al,
al., 1998). The sperm heads of bulls, bats, boars, and ra@04; Medrancet al., 2006; Roy & Krishna, 2013a,b;
express GLUT 5 (Koklet al, 2004; Medranet al, 2006; Banerjeeet al, 2014; Kishimotoet al,, 2015; Verma &
Roy & Krishna, 2013a,b) and in the dog sperm membramtaldar, 2016; Hahet al, 2017). There is no available data
(Rigauet al, 2002). GLUT-5 is recorded in the human testiabout the expression of GLUT in the Lesser Egyptian jerboa
(Burantet al, 1992). GLUT-5 is localized in the seminiferous(Jaculus jaculuy and Desert HedgehodP@raechinus
tubule cells of the bat testis during various phases of thethiopicu} testes. Also, a little data discussed the GLUT
testicular cycle (Roy & Krishna, 2013a,b). Theexpression in the testis of a Golden hamgiaspcricetus
immunolocalization of GLUT1, GLUT2, GLUT3, GLUT5, auratug. Therefore, the current work compared GLUT1 and
and a low amount of GLUT4 in the spermatozoa of humanSLUT3 expression levels in the examined testes.
rats, and bulls was verified by Angudp al. (1998).

CONCLUSION

Gluts are membrane proteins that are expressed in
particular tissues and are controlled by hormones and In conclusion, the glucose uptake via GLUTSs in testes
metabolism. The biological function of Gluts depends oremains to be elucidated with considerable species
tissue expression profiles, substrate specificity, and thelifferences. Our findings corroborate earlier research
kinetic properties (Wood & Trayhurn, 2003). GLUTs 1, 3showing that GLUT3 is the predominant in testicular cells
4, and 5 are examples of facilitators of high-affinity transpogcross species. GLUT3 in the testis of Desert Hedgehog
because of their low Michaelis constant (Km), Glut3 ha@araechinus aethiopichisnay be related to glucose uptake,
the highest affinity for glucose compared to the becausewhich participates in the fertilization processes.
its low km (Korguret al, 2001; Zhangt al, 2012). Glucose Spermatogonia, spermatocytes, spermatids, and spermatozoa
uptaking by GLUT is regulated by several factors i.e. suakse different transport systems for energy substrates, which
as hormones, growth factors, and cytokines (Olivetiid,  different from one species to another.
2011; Rateet al, 2012; Sarkar & Singh, 2017). The different
types of rat testis can be affected by proteins like insulin
and some cytokines, which use GLUT in their signgl-AHMADI, B. A.; SELEEM, A. A.; LASHEIN, F. E. M.;

) . h ADR, A. H. & AHMED, A. A. Localizacion inmunohistoquimica
transduction (Kokket al, 2007). There is a correlation del transportador de glucosa GLUT1 y GLUTS3. en los testiculos

between androgenic hormones and the activity of GLU{g algunos mamiferobat. J. Morphol., 42(3B05-813, 2024.
members. A significant correlation was noted between the

circulating testosterone level and steroidogenic protein in RESUMEN: La glucosa tiene un papel esencial en la
testicular tissue in aging-related changes in glucose leveloliferacion y supervivencia del tejido testicular. Los
and GLUT 8 expression (Banerje¢ al, 2014). GLUT transportadores de glucosa (GLUT) son responsables de la
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