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PATHOPHYSIOLOGICAL BASIS 
Cardiovascular (CVD) and metabolic diseases are the 
leading cause of mortality in Western societies. Meta-
bolic syndrome (MS) represents the combination of 
several risk factors, including obesity, dyslipidemia, 
hyperglycemia, oral glucose intolerance and hyperten-
sion, and contributes to the development of CVD and 
type 2 diabetes mellitus (T2DM). (1) 

Feeding rats with high fat and carbohydrate diets—
which mirror the Western population diet—induces 
the development of various components of MS. Rats 
fed a high-fat diet supplemented with fructose (10%) 
in the drinking water for 8–9 weeks exhibit increased 
triglyceride and cholesterol levels, as well as insulin 
resistance, visceral adiposity and blood pressure, in 
addition to ventricular hypertrophy, myocardial fi-
brosis, alterations in stroke volume, and remodeling 
of the coronary arteries. These pathophysiological 
changes involve increased oxidative, inflammatory 
and fibrotic processes, as well as mitochondrial dys-
function. (2)

On the other hand, overweight and obesity are 
frequently associated with mineral and vitamin de-
ficiencies. (3) Several meta-analyses have reported 
low plasma zinc concentrations, hyperzincuria and 
redistribution of this mineral in diabetic and obese 
patients. (4) Furthermore, it has been shown that 
chronic low zinc intake is associated with reduced 
insulin secretion and/or tissue resistance to insulin, 
increased blood glucose levels, and alterations in li-
pid metabolism. (5) We have previously demonstrated 

that moderate zinc deficiency during prenatal and 
early postnatal development leads to renal, cardio-
vascular, and metabolic abnormalities in adult rats. 
In our experimental studies, male rats subjected to 
this deficiency exhibited lower birth weight, reduced 
renal and cardiac tissue weights, increased blood pres-
sure, cardiorenovascular dysfunction, related to inad-
equate activity of the nitric oxide (NO) and renal and 
cardiovascular renin-angiotensin systems, as well as 
increased renal oxidative stress. They also exhibited 
hypertriglyceridemia, hyperglycemia, insulin resist-
ance, hypertrophy, and increased oxidative state of 
the retroperitoneal adipose tissue. Females appear to 
be less sensitive to this nutritional injury. (6) In ad-
dition, zinc deficiency during fetal and postnatal life 
was shown to exacerbate the metabolic and retroperi-
toneal adipose tissue alterations induced by a high-fat 
diet during growth. (7) 

There is an urgent need to identify new therapeu-
tic strategies aimed at reducing the cardiovascular 
morbidity and mortality associated with MS. Selective 
sodium-glucose cotransporter 2 inhibitors (SGLT2i), 
such as empagliflozin, dapagliflozin (DAPA), and 
canagliflozin, belong to a new class of drugs approved 
for use as antihyperglycemic therapy. SGLT2 cotrans-
porters transport glucose and sodium in a 1:1 ratio 
and are located on the apical membrane of proximal 
tubules S1 and S2 segments. In healthy individuals, 
90% of filtered glucose is reabsorbed in the renal prox-
imal tubule by SGLT2, which has high affinity and 
capacity. The remaining 10% of filtered glucose is re-
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absorbed by SGLT1 transporters, which have higher 
affinity but lower capacity than the SGLT2 isoform. 
SGLT1 is located on the luminal membrane of the 
proximal tubule S2 and S3 segments, with a glucose-
sodium coupling ratio of 1:2. When SGLT2 is blocked, 
SGLT1 can account for up to 50% of glucose reabsorp-
tion, since two sodium ions must be taken up for every 
glucose molecule absorbed. On the basolateral side, 
glucose leaves the intercellular space by passive dif-
fusion through the GLUT1 and GLUT2 transporters, 
while sodium is expelled into the interstitium by the 
sodium-potassium ATPase pump. Moreover, SGLT2 
transporters are physically and functionally coupled 
to the sodium-proton exchanger 3 (NHE3). Inhibition 
of SGLT2 reduces NHE3 activity, further decreasing 
proximal sodium reabsorption and contributing to 
natriuresis. (1, 8–10)

The filtered glucose load increases as plasma glu-
cose concentration rises, with a maximum renal re-
absorption capacity of approximately 375 mg/min in 
a healthy individual. This typically occurs at blood 
glucose levels between 180 and 215 mg/dL, whereas 
higher blood glucose levels lead to glucosuria. In peo-
ple with T2DM, the threshold at which glucose ap-
pears in urine, as well as the maximum capacity for 
renal tubular reabsorption, increase significantly 
due to SGLT2 overexpression. Therefore, SGLT2i or 
gliflozins reduce glucose and sodium reabsorption in 
the proximal tubule and cause osmotic diuresis by 
inducing glucosuria and natriuresis. Consequently, 
they lower glycated hemoglobin and postprandial 
blood glucose levels through an insulin-independent 
mechanism. Their effects are not affected by impaired 
pancreatic islet β-cell function or by reduced insulin 
sensitivity. Nor are they associated with a risk of hy-
poglycemia, even in non-diabetic individuals. (8–10)

By lowering blood glucose levels, SGLT2i reduce 
cellular damage caused by advanced glycation end 
products, oxidative stress, inflammation, and apopto-
sis. They also promote the oxidation of glucose and 
long-chain fatty acids, regardless of insulin levels, 
with a modest increase in ketone body production (re-
flected in higher plasma levels). (1, 8) 

It is important to note that, due to increased uri-
nary glucose excretion, SGLT2i administration re-
sults in a loss of approximately 200–250 kcal per day. 
This leads to a reduction in visceral and subcutaneous 
adipose tissue, with preservation of lean body mass 
and a transient loss of extracellular fluid. Randomized 
clinical trials report a reduction of approximately 2 kg 
compared with placebo, an effect that stabilizes sig-
nificantly after 6 months. (8–10)

SGLT2i have a wide range of beneficial effects on 
the kidney. Reduction of sodium reabsorption in the 
proximal tubule—either through direct action or via 
the NH3 exchanger—increases the luminal supply 
of sodium chloride (NaCl) to the macula densa. This 
leads to the restoration of tubulo-glomerular feedback 
through adenosine-mediated contraction of the affer-

ent arteriole and vasodilation of the efferent arteriole 
mediated by reduced activity of the renin-angiotensin 
system. Consequently, SGLT2i can slow the progres-
sion of diabetic nephropathy by reducing glomerular 
hypertension, hyperfiltration, and albuminuria. In 
addition, by increasing glucosuria, they reduce urate 
reabsorption in the proximal convoluted tubule, lead-
ing to a persistent decrease in circulating uric acid. 
This is also a beneficial effect, as uric acid promotes 
inflammation, fibrosis, and apoptosis, and reduces NO 
levels at the vascular level. Finally, SGLT2i are associ-
ated with increased hematocrit levels, an effect that is 
partly due to their diuretic properties and their stimu-
lation of erythropoietin synthesis. (1, 9–11)

Various clinical trials, including the DECLARE-
TIMI 58, (12) DAPA-HF, (13) and DAPA-CKD studies, 
(14) have demonstrated that DAPA reduces hospitali-
zations for heart failure and cardiovascular mortal-
ity, even in patients without diabetes. This is because 
SGLT2i have been shown to improve diastolic func-
tion and myocardial contractility by reducing volume 
overload through a decrease in preload secondary to 
natriuresis and osmotic diuresis. They also help re-
duce afterload because the reduction in plasma vol-
ume and improvement in vascular function leads to a 
decrease in blood pressure. (9–11)

Despite the negligible expression of SGLT2 in the 
heart, SGLT2 inhibition is strongly implicated in car-
diac sodium and calcium homeostasis due to its pro-
found effects on these ions’ transporters. In heart 
failure, the concentration of cytosolic sodium in cardi-
omyocytes increases significantly due to an imbalance 
between its influx and efflux. The concentration of cy-
tosolic calcium also rises as a result of increased efflux 
from the mitochondria via the sarcolemmal sodium/
calcium exchanger. The decrease in intramitochon-
drial calcium concentration reduces the activity of the 
tricarboxylic acid cycle, leading to decreased produc-
tion of adenosine triphosphate (ATP) and reduced 
nicotinamide adenine dinucleotide phosphate (NA-
DPH), as well as to an impairment of mitochondrial 
antioxidant defenses. Cytosolic sodium and calcium 
overload contributes to systolic, diastolic and mito-
chondrial dysfunction, as well as to arrhythmogenesis 
and pathological remodeling. In this regard, preclini-
cal studies have shown that SGLT2i may help improve 
cardiac and vascular function by increasing NO avail-
ability, reducing oxidative stress, inflammation, fibro-
sis, mitochondrial dysfunction and autophagy, as well 
as the adipokine mass and profile of epicardial adipose 
tissue. (9–11)

Given this background, SGLT2i exert multifacto-
rial cardiorenal protection that cannot be attributed 
solely to glycemic control, weight loss, reduced blood 
pressure, decreased uric acid levels, or changes in the 
lipid profile. Their efficacy appears to depend on a set 
of integrated mechanisms—metabolic, hemodynamic, 
and cellular—that collectively contribute to reduce 
heart failure morbidity and mortality, with reduced or 
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preserved ejection fraction, and diabetic kidney dis-
ease. Thus, in recent years, its use has been incorpo-
rated into clinical practice guidelines, not only those 
specific to T2DM but also into cardiology guidelines 
(cardiovascular prevention).

Moreover, given that obesity and T2DM may be as-
sociated with zinc deficiency, (4) it is of interest to an-
alyze the effects of zinc supplementation on these con-
ditions. The results of cross-sectional or observational 
studies on the associations between zinc homeostasis 
and the onset of MS are inconsistent. In some stud-
ies, no effects of zinc supplementation were observed 
on any of the MS components. However, other human 
studies have observed improvements in blood levels of 
total cholesterol, LDL cholesterol, and triglycerides, 
which could reduce cardiovascular morbidity and 
mortality. (15–17) Furthermore, in adult rats with hy-
perlipidemia and diabetes, zinc supplementation was 
shown to improve diabetic symptoms, increase serum 
HDL levels, and reduce markers of oxidative stress 
in the liver. (18) Zinc supplementation also reduced 
weight gain, abdominal fat, plasma insulin, leptin, 
and triglycerides in adult Wistar rats fed a high-fat, 
high-carbohydrate diet. (19)  

There are several mechanisms through which zinc 
may help prevent the development or progression of 
MS and T2DM. Zinc is a trace element that plays an 
essential role in growth and immunity and possesses 
antioxidant, anti-inflammatory, and anti-apoptotic 
properties. It is a structural and functional compo-
nent of many proteins involved in energy utilization 
and protein, lipid, and carbohydrate metabolism, as 

well as blood pressure adjustment. Zinc regulates in-
sulin release, transport, storage, and processing, as 
it is concentrated in pancreatic beta cells within the 
dense core of insulin-secreting granules. It also pos-
sesses insulinomimetic properties by stimulating the 
insulin signaling pathway in adipose tissue and in 
skeletal and cardiac muscles. In this way, it promotes 
the translocation of the GLUT4 transporter to the 
plasma membrane, which stimulates glucose uptake, 
and reduces lipolysis by inhibiting hormone-sensitive 
lipase. These effects are mediated by zinc’s inhibitory 
effect on protein tyrosine phosphatase (PTP1B) and a 
phosphatase and tensin homolog (PTEN) protein that 
negatively regulates PI3K/Akt (phosphatidylinositol 
3-kinase/protein kinase B) signaling. Zinc is essential 
for the activation of peroxisome proliferator-activated 
receptors (PPAR), which, in turn, can induce the ex-
pression of the GLUT1 and GLUT4 genes and regu-
late lipid metabolism. In terms of lipid metabolism, 
zinc plays a role in both the assembly and clearance of 
chylomicrons and lipoproteins. (6, 15) 

Numerous studies indicate that zinc exerts its ef-
fects on carbohydrate and lipid metabolism through 
the adipokine zinc-α2-glycoprotein (ZAG), which pos-
sesses a zinc-binding site within its structure. Excess 
body fat reduces blood concentrations of zinc and 
ZAG, leading not only to the development of obesity 
but also to other components of MS. ZAG has been 
shown to play an important role in reducing obesity 
and improving insulin sensitivity, increasing the re-
lease of adiponectin from human adipocytes and in-
hibiting leptin production in vitro. (20) These actions 

Fig. 1. Flow diagram
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Fig. 2. Experimental Protocol

of zinc suggest a potential role in the prevention and 
treatment of MS.  

Epidemiological studies suggest that low serum 
zinc levels increase the risk of developing CVD, while 
zinc supplementation may reduce this risk, indicat-
ing the importance of adequate zinc management for 
the prevention of these conditions. Additionally, the 
molecular mechanisms of zinc-mediated regulation of 
cardiac function, which include zinc transporters and 
calcium signaling, have been reported. (21)

Zinc can modify how a drug acts in the body 
through pharmacokinetic and pharmacodynamic in-
teractions. (18,19) However, there is little evidence 
demonstrating how zinc may interact with DAPA. 
Therefore, we wondered whether zinc supplementa-
tion could enhance the efficacy of pharmacological 
treatment with DAPA in patients with MS. 

HYPOTHESIS AND OBJECTIVES
The available evidence describes the benefits of DAPA 
treatment and zinc supplementation separately, but 
there are no conclusive data on the effects of combined 
treatment in patients or animal models with MS.

Therefore, we hypothesize that feeding a high-fat, 
high-fructose diet to male rats from weaning to adult-
hood promotes the development of MS and CVD by 
causing weight gain, dyslipidemia, hyperglycemia, 
oral glucose intolerance, hypertension, cardiac tissue 
remodeling, mitochondrial dysfunction in cardiomyo-
cytes, and cardiac dysfunction. These alterations are 
mediated by increased oxidative, inflammatory, and 

fibrotic states.  
Zinc supplementation helps reduce these altera-

tions, given its antioxidant, anti-inflammatory, and 
insulinomimetic properties. Treatment with DAPA 
improves these abnormalities by inducing antihyper-
glycemic effects, lowering blood pressure, reducing 
oxidative and inflammatory processes, and improv-
ing mitochondrial function. Combining DAPA with 
zinc supplementation in rats with MS would produce 
greater beneficial effects on the intermediate metabo-
lism and cardiovascular system compared with either 
treatment alone (Figure 1). 

Based on this hypothesis, the objective of this 
study is to investigate the mechanisms by which the 
combined administration of zinc and DAPA, in a rat 
model of MS, could produce greater beneficial effects 
on the cardiovascular system and intermediate me-
tabolism compared with either treatment alone. To 
achieve this objective, a basic research protocol is be-
ing conducted at the Department of Physiology of the 
School of Pharmacy and Biochemistry at Universidad 
de Buenos Aires (FFyB-UBA) and at the Institute of 
Chemistry and Drug Metabolism (IQUIMEFA)-UBA-
CONICET, which has been approved by the CICUAL 
ethics committee of FFyB-UBA (REDEC-2023-26-E-
UBA-DCT-FFyB). For this study, male Sprague Daw-
ley rats are fed either a balanced diet or a high fat 
(60% of total kcal) plus high fructose (10%) in ad li-
bitum drinking water diet. After 10 weeks, the group 
fed the high-fat + fructose diet is administered orally 
for 4 weeks one of the following: a zinc supplement at 

Fat + Fructose Group

Fat + fructose + DAPA group

Fat + Fructose + DAPA + Zinc
group

Male Sprague Dawley rats
2 months old

High-fat + fructose diet 

Control

Balanced diet  

Fat + fructose + zinc group

4 weeks10 weeks

Fat + fructose + DAPA group
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10 mg/kg/day; DAPA at 1 mg/kg/day; DAPA at 1 mg/
kg/day plus a zinc supplement; or water (Figure 2). 
At the end of the experimental period, the effects on 
carbohydrate metabolism are assessed using an oral 
glucose tolerance test, and serum lipid profiles are 
analyzed. To evaluate the effects on the cardiovascu-
lar system, blood pressure measurements, echocar-
diographic studies, and morphological studies of the 
heart and its vessels are performed; the morphology 
and function of cardiac mitochondria are assessed. In 
addition, markers of fibrosis (transforming growth 
factor beta, TGF-β), inflammation (tumor necrosis 
factor alpha, TNF-α, and interleukin 6, IL-6), and oxi-
dative stress (lipid peroxidation and the activity of the 
antioxidant enzymes superoxide dismutase, catalase, 
and glutathione peroxidase) in cardiac tissue are de-
termined. To carry out this project, a research grant 
from the Argentine Society of Cardiology has been 
awarded in 2024 .

DISCUSSION AND CONCLUSION
The results of this research may represent a significant 
advance in addressing diseases of complex and multi-
factorial origin, such as MS. To date, there have been 
few basic research studies examining the relationship 
between DAPA and zinc. Anton I demonstrated that 
zinc supplementation in a rat model of diabetes—in-
duced by streptozotocin and a high-fat diet—potenti-
ates the effects of DAPA on metabolic conditions by 
producing greater reductions in blood glucose levels, 
improving liver function and lipid metabolism, and 
reducing oxidative stress compared with either treat-
ment alone. (24) Furthermore, in a rat model of strep-
tozotocin-induced diabetes, the combination of zinc 
with canagliflozin, another SGLT2i, has been shown to 
improve control of diabetes-related weight loss and he-
patic steatosis. (25) Additionally, new DAPA-zinc com-
plexes have demonstrated protective effects against 
liver damage and oxidative injury in diabetic rats. (22) 
Zinc plays important roles in lipid metabolism and in-
sulin sensitivity through mechanisms involving ZAG 
and insulin signaling pathways, which may help en-
hance the effects of DAPA in MS. (11,20) 

However, further basic and clinical research is 
needed to confirm and advance the investigation of 
zinc-DAPA combination effects on the various cardio-
vascular abnormalities associated with MS. Therefore, 
this study will help generate new therapeutic strate-
gies for managing MS and preventing its progression 
to serious complications.

Funding 
Research grant from the Argentine Society of Cardiology, 
Argentina, 2024–2025. Grant from Universidad de Buenos 
Aires, Argentina, 2023–2026, Code: 20020220100246B.

Conflicts of interest 
None declared. 

(See authors' conflict of interests forms on the web). 

1. Chalotra R, Gupta A, Singh TG, Singh R. Metabolic syndrome: 
risk factors and molecular drug targets. EXCLI J 2025;24:1193-223. 
https://doi.org/10.17179/excli2025-8703. 
2. Alves da Silva F, Freire LS, Lima TD, Santos SF, Lemes SAF, Gai 
BM et al. Introduction of high-fat and very-high-fat diets combined 
with a fructose drink during critical developmental periods causes 
cardiovascular damage in rats at the onset of adulthood. Nutrition 
2022;101:111689. https://doi.org/10.1016/j.nut.2022.111689. 
3. Prentice AM. The Triple Burden of Malnutrition in the Era of Glo-
balization. Nestlé Nutr Inst Workshop Ser 2023;97:51-61. https://
doi.org/10.1159/000529005. 
4. Gu K, Xiang W, Zhang Y, Sun K, Jiang X. The association between 
serum zinc levels and overweight/obesity: a meta-analysis. Eur J 
Nutr 2019;58:2971-82. https://doi.org/10.1007/s00394-018-1876-x. 
5. Tamura Y. The Role of Zinc Homeostasis in the Prevention of Dia-
betes Mellitus and Cardiovascular Diseases. J Atheroscler Thromb 
2021;28:1109-22. https://doi.org/10.5551/jat.RV17057. 
6. Mendes Garrido Abregú F, Caniffi C, Arranz CT, Tomat AL. Im-
pact of Zinc Deficiency During Prenatal and/or Postnatal Life on 
Cardiovascular and Metabolic Diseases: Experimental and Clinical 
Evidence. Adv Nutr 2022;13:833-45. https://doi.org/10.1093/advanc-
es/nmac012. 
7. Paez DT, Mendes Garrido Abregú F, Ciancio Del Giudice N, Soria 
D, Fariña G, Álvarez JH, et al. Zinc deficiency and a high-fat diet 
during growth: Metabolic and adipocyte alterations in rats. Nutr 
Metab Cardiovasc Dis 2023;33:1808-16. https://doi.org/10.1016/j.nu-
mecd.2023.06.002. 
8. Al Rashid S, Prasad M, Madar IH, Dhanabalan K, Balasubrama-
nian R, Pakkir Maideen NM. Exploring the Therapeutic Potential of 
SGLT-2 Inhibitors in Managing Metabolic Syndrome: A Narrative 
Review. Curr Drug Res Rev 2025. https://doi.org/10.2174/01258997
75382225250811111859. 
9. Salvatore T, Galiero R, Caturano A, Rinaldi L, Di Martino A, Al-
banese G, et al. An Overview of the Cardiorenal Protective Mecha-
nisms of SGLT2 Inhibitors. Int J Mol Sci 2022;23:3651. https://doi.
org/10.3390/ijms23073651.
10. Preda A, Montecucco F, Carbone F, Camici GG, Lüscher TF, 
Kraler S, et al. SGLT2 inhibitors: from glucose-lowering to car-
diovascular benefits. Cardiovasc Res 2024;120:443-60. https://doi.
org/10.1093/cvr/cvae047. 
11. Zelniker TA, Braunwald E. Mechanisms of Cardiorenal Effects of 
Sodium-Glucose Cotransporter 2 Inhibitors: JACC State-of-the-Art 
Review. J Am Coll Cardiol. 2020;75(4):422-34.
12. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et 
al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. 
N Engl J Med. 2019;380(4):347-57.
13. McMurray JJV, Solomon SD, Inzucchi SE, Kober L, Kosiborod MN, 
Martinez FA, et al. Dapagliflozin in Patients with Heart Failure and 
Reduced Ejection Fraction. N Engl J Med. 2019;381(21):1995-2008.
14. Heerspink HJL, Stefánsson BV, Correa-Rotter R, Chertow GM, 
Greene T, Hou FF, et al.; DAPA-CKD Trial Committees and Inves-
tigators. Dapagliflozin in Patients with Chronic Kidney Disease. 
N Engl J Med. Oct 8, 2020;383(15):1436-1446. doi: 10.1056/NEJ-
Moa2024816.
15. Ruz M, Carrasco F, Rojas P, Basfi-Fer K, Hernández MC, Pérez 
A. Nutritional Effects of Zinc on Metabolic Syndrome and Type 2 
Diabetes: Mechanisms and Main Findings in Human Studies. Biol 
Trace Elem Res 2019;188:177-88. https://doi.org/10.1007/s12011-
018-1611-8.
16. Fukunaka A, Fujitani Y. Role of Zinc Homeostasis in the Patho-
genesis of Diabetes and Obesity. Int J Mol Sci 2018;19:476. https://
doi.org/10.3390/ijms19020476.
17. Klein E, Velina D, Mutallibzoda S, Tefikova S, Orlovtseva O, 
Kosenkov AN, et al. Zinc and Type 2 Diabetes: A Systematic Review 
with a Narrative Synthesis of Their Bidirectional Relationship and 
Clinical Perspectives for Personalized Nutritional Support. Diseases 
2025;13:396. https://doi.org/10.3390/diseases13120396. 
18. Lu Y, Liu Y, Li H, Wang X, Wu W, Gao L. Effect and mecha-
nisms of zinc supplementation in protecting against diabetic cardio-
myopathy in a rat model of type 2 diabetes. Bosn J Basic Med Sci 
2015;15:14-20. https://doi.org/10.17305/bjbms.2015.63.
19. Thoen RU, Barther NN, Schemitt E, Bona S, Fernandes S, 

REFERENCES



315

Coral G, et al. Zinc supplementation reduces diet-induced obesity 
and improves insulin sensitivity in rats. Appl Physiol Nutr Metab 
2019;44:580-6. 
20. Banaszak M, Górna I, Przysławski J. Zinc and the Innovative 
Zinc-α2-Glycoprotein Adipokine Play an Important Role in Lipid 
Metabolism: A Critical Review. Nutrients 2021;13:2023. https://doi.
org/10.3390/nu13062023.
21. Hara T, Yoshigai E, Ohashi T, Fukada T. Zinc in Cardiovascular 
Functions and Diseases: Epidemiology and Molecular Mechanisms 
for Therapeutic Development. Int J Mol Sci 2023;24:7152. https://
doi.org/10.3390/ijms24087152. 
22. Prasad AS, Malysa A, Bepler G, Fribley A, Bao B. The Mecha-
nisms of Zinc Action as a Potent Antiviral Agent: Clinical Therapeu-
tic Implications for COVID-19. Antioxidants (Basel) 2022;11:1862. 
https://doi.org/10.3390/antiox11101862.
23. Mlyniec K. Interaction between Zinc, GPR39, BDNF, and Neu-

ropeptides in Depression. Curr Neuropharmacol 2021;19:2012-9. 
https://doi.org/10.2174/1570159X19666210225153404.
24. Anton IC, Mititelu-Tartau L, Iliescu R, Serban IL, Hancianu M, 
Mircea CG. Zinc potentiates the antioxidant effect of dapagliflozin in 
rats with experimentally induced diabetes. Rev Medico-Chirurgicala 
2023;127:63-72. https://doi.org/10.22551/MSJ.2023.01.08
25. Zia AE, Yousaf N, Talha MU, Siddiqui W, Irum Z. Evaluation of 
the protective effects of canagliflozin and zinc sulfate on body weight 
and liver histology in diabetic dyslipidemia. J Islamabad Med Dental 
Coll 2024;13. https://doi.org/10.35787/jimdc.v13i2.1195
26. El-Megharbel SM, Al-Thubaiti EH, Qahl SH, Al-Eisa RA, Hamza 
RZ. Synthesis and Spectroscopic Characterization of Novel Dapa-
gliflozin/Zn(II), Cr(III), and Se(IV) Complexes That Alleviate Liver 
Damage, Hyperglycemia, and Oxidative Injury Induced by Strepto-
zotocin in Male Diabetic Rats and Their Antibacterial Activity. Crys-
tals 2022;13:304. https://doi.org/10.3390/cryst12030304

DAPAGLIFLOZIN, ZINC AND METABOLIC SYNDROME / Analia L. Tomat et al


	Botón 1367: 
	Botón 1368: 
	Botón 1369: 
	Botón 1370: 
	Botón 1371: 
	Botón 1377: 


