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Globally diabetes is a major cause of kidney failure. Metformin is non-nephrotoxic and one 
of the first choice hypoglycemic agents in treatment of diabetes. We reviewed the effect of 
metformin in diabetic kidney disease (DKD). Directory of open access journals (DOAJ), Google 
Scholar, PubMed, EBSCO, and Web of Science with keywords relevant to; chronic kidney 
disease, diabetes mellitus, metformin, diabetic nephropathy, have been searched. Diabetes 
causes expression of extracellular matrix mediators and secretory factors that eventually lead 
to morphological changes in mesangial, interestitium and glomerular cells. The biguanide, 
metformin is derived from French lilac (Galega officinalis). Metformin is a commonly prescribed 
drug for type II diabetes around the world due to its safety record and reduction of micro-
vascular and cardiovascular events. It appears that metformin has multiple roles in protecting 
kidney in diabetic patients by tubular cell protection, improving hypertension, albuminuria and 
restoring the glomerular podocytes. It may be justified to use metformin for nephron-protection 
in early stage of DKD.
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Introduction
Globally diabetes is a major cause of kidney 
failure. The International Diabetes Federa-
tion reported around 5 million deaths relat-
ed to diabetes in 2014. It has been estimated 
that the number of diabetic population will 
increase to 592 million by 2035 and more 
than 75% of these population reside in de-
veloping countries. Metformin (miraculous 
tincture of G. officinalis) is one of the first 
choice medications in the treatment of dia-
betes. 
For this review, we used a diversity of sourc-
es by searching through PubMed/Medline, 
Scopus, EMBASE, EBSCO and directory of 
open access journals (DOAJ). The search 
was conducted, using combination of the 
following key words and or their equiva-
lents; chronic kidney disease, diabetes mel-
litus, metformin and diabetic nephropathy

Galega officinalis and metformin
In the recent decades, metformin has been 
one of the interesting research subjects due 
to its positive impacts on the treatment of 
type 2 diabetes. It is the only approved an-
ti-diabetic drug that was developed from an 

Core tip 
Diabetic kidney disease is becoming 
a major public health problem due to 
high morbidity, mortality and cost. It 
has been shown that metformin reduces 
macrovascular complications and mortality 
in individuals with type 2 diabetes mellitus. 
It may be justified to use metformin for 
nephron-protection in patients with early 
stage of diabetic kidney disease (DKD). 
Further clinical investigation on this subject 
is needed.

herbal source with a long history of use for 
diabetes. The biguanide, metformin is de-
rived from French lilac (Galega officinalis). 
G. officinalis is a good resource of biological 
active compounds like guanidine (1918) and 
related molecules. Side effects and toxicity of 
guanidine are limited in its medical use. Fur-
thermore Tanret extracted galegine and iso-
amylene guanidine in 1920 as a compound 
that had a less side effect profile than guan-
idine. Initial studies showed that galegine 
reduced weight gain, blood glucose and 
food intake in mice, suggesting that, part 
of the effect of G. officinalis on body mass 
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was mediated through galegine. The mechanism of this 
action is not clearly understood, but involves loss of body 
fat. The exact structure of galegine was confirmed as iso-
amylene guanidine in 1923. Subsequently, two synthetic 
diguanides, namely decamethylene diguanide (synthalin 
A) and dodecamethylene diguanide (synthalin B), were 
used clinically in treatment of diabetes. Those medications 
were effective and tolerated better, but their association 
with lactic acidosis led to discontinuation of these drugs 
in most countries by the end of the 1970s. Searches for an 
anti-hyperglycemic agent without causing weight gain or 
hypoglycemia lead to the discovery of another biguanide 
named metformin (1,2). 

Diabetic kidney disease
The prevalence of type II diabetes has increased at an 
alarming rate over the past several years. Chronic kidney 
failure is becoming a major public health problem due to 
high morbidity, mortality and cost. The leading risk factor 
for chronic kidney disease (CKD) is diabetes associated 
with various complications. Chronic renal failure result-
ing from diabetes has been termed diabetic kidney disease 
(DKD) (3). The complications of type II diabetes mellitus, 
especially end-stage renal disease, accounts for the largest 
portion of the cost of the disease. DKD is a potentially fatal 
diabetic vascular complication defined by slowly increas-
ing proteinuria and a gradual decrease in kidney function. 
The pathogenesis of DKD has been intensely studied for 
decades and several mechanisms have been proposed. The 
effect of high glucose on glomerular hyperfiltration, acti-
vation of the protein kinase C, polyol pathway, renin–an-
giotensin system, reactive oxygen species, increase of ad-
vanced glycation end-product (AGE) and lastly autonomic 
nervous system imbalance are some of the main culprit in 
DKD (4,5). These abnormalities result in several cellular 
reactions; expression of extracellular matrix mediators 
and secretory factors that eventually leads to morpholog-
ical changes in mesangial, interestitium and glomerular 
cells. DKD is distinguished morphologically by glomer-
ular hypertrophy, thickening of the glomerular basement 
membrane, expansion of the mesangial matrix, interstitial 
fibrosis with tubular atrophy, and finally glomeruloscle-
rosis. Progressive accumulation of the mesangial matrix 
obliterates the glomerular capillary tufts and results in 
kidney failure (6).
 
Oxidative stress in diabetic kidney disease
Oxidative stress in diabetic subjects is related to overpro-
duction of reactive oxygen species and decreased efficacy 
of antioxidant mechanisms. Diabetes-associated meta-
bolic disorders disturb the activities of various enzymes 
in the mitochondrial respiratory chain complex. Impor-
tantly, oxidative stress is closely related to mitochondrial 
dysfunction. Equally important, nitrosative stress and ox-
idative stress mediate the harmful effects of diabetes on 
kidney function. Micro-vascular changes and acceleration 
of collagen IV accumulation in mesangium may be in-
duced by high glucose and induction of reactive oxygen 

radicals. The main targets of current standard therapies of 
DKD are strict control of blood pressure, blood sugar and 
a blockade of the renin-angiotensin system (7). Regardless 
of these modalities, DKD is still found to be progressive 
with high morbidities (8). 

Administration of metformin in diabetic patients
Metformin is a commonly prescribed drug for type II di-
abetes around the world. It belongs to the biguanide class 
and has priority in the treatment of type II diabetes due 
to its safety record and reduction of micro-vascular and 
cardiovascular events. Several studies have shown the 
safety of using metformin in CKD II (9,10). Metformin 
reduces diabetes-related mortality and morbidity in com-
parison with sulphonylurea or insulin in type II diabetic 
patients (11). Enhanced thrombolysis, reduced plasma 
concentrations of fibrinolysis inhibitor and non-enzy-
matic glycation improvement of dyslipidemia are possible 
mechanisms that have been proposed (12). The effects of 
metformin on lipid profile and blood pressure have been 
tested and observed in animal models, yet these effects on 
human models are still debated (4,13). In this r e v i e w  ar-
ticle, we aimed to review the effect of metformin in DKD. 

Preclinical points of view
Metformin improves the insulin resistance primarily in 
adipose tissues, muscle and the liver by diminution in the 
rate of glycogenolysis and gluconeogenesis. Other benefi-
cial effects of metformin consist of weight loss, lipid-low-
ering properties, attenuation of endothelial dysfunction, 
subclinical inflammation and antineoplastic effect (14-
17). Metformin is a non-nephrotoxic drug which was ini-
tially chosen as the safest hypoglycemic agent in CKD, but 
its usage has been limited due to perceived risk of lactic 
acidosis in this population (11). Metformin reaches to its 
maximum plasma concentration in one to three hours af-
ter ingestion and does not bind to plasma proteins. Its vol-
ume of distribution is up to 1000 L, after one 1000 mg oral 
single dose. Metformin is eliminated unchanged through 
glomerular filtration and tubular secretion; and is trans-
ported mainly through organic cation transporters (OCTs) 
particularly type 1 and 2 and multidrug and toxin extru-
sion proteins (MATEs), namely MATE1, which is highly 
expressed in the renal tissue, and MATE2. Metformin in-
hibits gluconeogenesis in the liver and stimulates glucose 
uptake in fat and muscle tissues. The therapeutic action of 
metformin is mediated through its action on AMP-acti-
vated kinase (AMPK) that switches the cells from anabol-
ic to catabolic state and restoring energy balance (18,19). 
Metformin considerably reduces the urine albumin excre-
tion rate in patients with type II diabetes (20). Metformin 
suppresses the diabetes-induced loss of podocytes by sup-
pression of oxidative stress in the rat model (21). Several 
studies have been proposed that metformin decrease NA-
D(P)H oxidase activity and reactive oxide species (ROS) 
generation and activate AMP-activated kinase in cultured 
podocytes, hence suppressing the production of pro-in-
flammatory cytokines (12,22,23). Metformin also enhanc-
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es production of nitric oxide (NO) and endothelial nitric 
oxide synthase (eNOS) in endothelial cells, which helps in 
decelerating the atherosclerosis process (19).
Recent studies have been suggested that the NO deficien-
cy and elevated asymmetric dimethylarginine levels are 
correlated with the development of high blood pressure. 
Metformin is a structural analog of asymmetric dimethy-
larginine. It has been shown that metformin prevents the 
development of high blood pressure in spontaneously hy-
pertensive rats by restoration of asymmetric dimethylargi-
nine-NO balance (24,25). Prescribing metformin as an an-
tihypertensive agent in patients with DKD has not become 
an established treatment. 
In recent years much attention directed toward renal tubu-
lar cell protection of metformin. In the past, the improve-
ment of mitochondrial homeostasis by metformin through 
diminishing apoptosis and cell death has been reported 
(26). It has been shown in the rat model that metformin 
is able to improve gentamicin induced acute kidney injury. 
It has been also established that co-administration of met-
formin and garlic extract are able to prevent gentamicin 
nephrotoxicity in rats (27). Janjua et al confirmed renopro-
tective effects of metformin against gentamicin induced 
renal toxicity in rabbits (20). Zhang et al (28) investigated 
the protective effect of metformin on kidney injury in mice 
model treated with a high fat diet. Metabolic disorders in a 
metformin treated group were significantly improved and 
the renal lipids deposition and other pathological changes 
were ameliorated. They also found the increase of expres-
sion of phospho-AMP-activated protein kinase (P-AMPK) 
α protein and the significant diminution of expression of 
sterol regulatory element-binding protein (SERBP)-1c 
and TNF-α (28). Similar effects regarding the activities of 
NAD(P)H and AMP-activated kinase have been observed 
after short-term activation of P2 receptors in podocytes. It 
is possible that, metformin induces the changes in AMPK 
and NAD(P)H oxidase activities by a mechanism involv-
ing P2 receptors, through increment of extracellular ATP 
concentration through inhibiting ecto-ATPase activity, 
hence leading to activation of the P2 receptors (18).
In CKD, kidney function associates more with the degree 
of tubulointerstitial damage than that of the glomerular 
abnormalities. In diabetic nephropathy, proteinuria may 
be one of the pathologic links among these two abnor-
malities (26,29). It has been proposed that microalbumin-
uria/proteinuria, angiotensin II, high blood sugar, AGE 
are capable to activate multiple signaling pathway in the 
proximal tubule epithelial cell (PTEC). Expression of a 
variety of chemokines, cytokines and adhesion molecules 
in PTEC leads to progressive tubular atrophy, interstitial 
fibrosis and inflammation (26-30). In addition, capillary 
rarefaction results local ischemia to the tubules, matrix 
protein deposition, more pro-fibrogenic mediators, fibro-
sis, and worsening of glomerulosclerosis. Therefore, DKD 
is often associated with glomerular changes, tubular cell 
degeneration, apoptosis, atrophy and finally interstitial fi-
brosis (31,32). 

Clinical points of view
It has been shown that metformin reduces macrovascu-
lar complications and mortality in individuals with type 
2 diabetes mellitus compare to the group treated with sul-
phonylurea derivatives or insulin (11). The reasons for this 
difference are not fully understood. In meta-analysis of 41 
studies comprising 3074 patients, the metformin group 
had significantly lower plasma total cholesterol, low-den-
sity lipoprotein (LDL) cholesterol, triglyceride and HbA1C 
compared to the control group. However, it had no signifi-
cant effects on high-density lipoprotein (HDL) cholesterol 
and blood pressure (33). It is worthy of note that any re-
duction in HbA1C will significantly decrease the risk of 
microvascular and macrovascular complications (34,35). 
Metformin may enhance the thrombolysis and the plas-
minogen activator inhibitor 1 in type II diabetic patients 
and also reduces non-enzymatic glycation (12,36,37). 

Conclusion
It appears that metformin has multiple roles in protecting 
the kidney in diabetic patients. Tubular cell protection, 
improving hypertension, albuminuria and restoring the 
glomerular podocytes improves overall DKD outcome. It 
may be justified to use metformin for nephron-protection 
in early stage of DKD. Further clinical investigation on this 
subject is needed.

Authors’ contribution 
All authors wrote the manuscript equally.

Conflicts of interests
The authors declared no competing interests.

Ethical considerations 
Ethical issues (including plagiarism, data fabrication, double 
publication) have been completely observed by the authors.

Funding/Support
None

References
1. Luka CD, Omoniwa BP. Effect of some phytochemicals 

extracted from goat’s rue (Galega officinalis) on some 
biochemical parameters in normal and alloxan-induced 
diabetic rats. J Nat Prod Plant Resour. 2012;2:628-32.

2. Mooney MH, Fogarty S, Stevenson C, Gallagher AM, Palit 
P, Hawley SA, et al. Mechanisms underlying the metabolic 
actions of galegine that contribute to weight loss in mice. Br J 
Pharmacol. 2008;153:1669–77.

3. Cavanaugh KL. Diabetes management issues for patients with 
chronic kidney disease. Clin Diabetes. 2007;25:90-7.

4. Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-Melody J, et 
al. Role of AMP-activated protein kinase in mechanism of 
metformin action. J Clin Invest. 2001;108:1167–74. 

5. Tolouian R, Vinik A. Non-blood/urine biomarker of progression 
of kidney disease in diabetes mellitus. CJASN. 2015;10:1114-6 

6. Nasri H, Rafieian-Kopaei M. Diabetes mellitus and renal 
failure: prevention and management. J Res Med Sci. 2015; 
20:1112-20.

7. Sampanis C. Management of hyperglycemia in patients with 
diabetes mellitus and chronic renal failure. Hippokratia. 2008; 
12:22-7.

8. Chandra A, Biersmith M, Tolouian R. Obesity and kidney 
protection. J Nephropathol. 2014;3:91-7



Tolouian R et al

 Annals of Research in Antioxidants   4 Volume 1, Issue 2, July 2016

9. Wulffelé MG, Kooy A, de Zeeuw D, Stehouwer CD, Gansevoort 
RT. The effect of metformin on blood pressure, plasma 
cholesterol and triglycerides in type 2 diabetes mellitus: a 
systematic review. J Intern Med. 2004;256:1-14.

10. Inzucchi SE, Lipska KJ, Mayo H, Bailey CJ, McGuire DK. 
Metformin in patients with type 2 diabetes and kidney disease: 
a systematic review. JAMA. 2014;312:2668-75.

11. Lipska KJ, Bailey CJ, Inzucchi SE. Use of metformin in the 
setting of mild-to-moderate renal insufficiency. Diabetes Care. 
2011;34:1431-7.

12. UK Prospective Diabetes Study (UKPDS) Group. Effect 
of intensive blood-glucose control with metformin on 
complications in overweight patients with type 2 diabetes 
(UKPDS 34). Lancet. 1998;352:854-65.

13. Beisswenger PJ, Howell SK, Touchette AD, Lal S, Szwergold 
BS. Metformin reduces systemic methylglyoxal levels in type 2 
diabetes. Diabetes. 1999;48:198-202.

14. Kirpichnikov D, McFarlane SI, Sowers JR. Metformin, an 
update. Ann Int Med. 2002;137:25-33.

15. Rocha A, Almeida M, Santos J, Carvalho A. Metformin in 
patients with chronic kidney disease: strengths and weaknesses. 
J Nephrol. 2013;26:55-60.

16. Algire C, Amrein L, Bazile M, David S, Zakikhani M, Pollak 
M. Diet and tumor LKB1 expression interact to determine 
sensitivity to anti-neoplastic effects of metformin in vivo. 
Oncogene. 2011;30:1174-82.

17. Gotlieb WH, Saumet J, Beauchamp MC, Gu J, Lau S, Pollak 
MN, et al. In vitro metformin anti-neoplastic activity in 
epithelial ovarian cancer. Gynecol Oncol. 2008;110:246-50.

18. Segal ED, Yasmeen A, Beauchamp MC, Rosenblatt J, Pollak 
M, Gotlieb WH. Relevance of the OCT1 transporter to the 
antineoplastic effect of biguanides. Biochem Biophys Res 
Commun. 2011;414:694-9.

19. Piwkowska A, Rogacka D, Jankowski M, Angielski S. 
Metformin reduces NAD (P)H oxidase activity in mouse 
cultured podocytes through purinergic dependent mechanism 
by increasing extracellular ATP concentration. Acta Biochim 
Pol. 2013;60:607-12.

20. Janjua A, Waheed A, Bakhtiar S. Protective effect of metformin 
against gentamicin induced nephrotoxicity in rabbits. Pak J 
Pharm Sci. 2014;27:1863-72.

21. Nasri H, Baradaran A, Ardalan MR, Mardani S, Momeni A, et 
al. Bright renoprotective properties of metformin beyond blood 
glucose regulatory effects. Iran J Kidney Dis. 2013;7:423-8. 

22. Kim J, Shon E, Kim CS, Kim JS. Renal podocyte injury in a 
rat model of type 2 diabetes is prevented by metformin. Exp 
Diabetes Res. 2012;2012:210821.

23. Sibal L, Agarwal SC, Home PD, Boger RH. The role of 
asymmetric dimethylarginine (ADMA) in endothelial 
dysfunction and cardiovascular disease. Curr Cardiol Rev. 

2010;6:82-90.
24. Hyun B, Shin S, Lee A, Lee S, Song Y, Ha NJ,  et al. Metformin 

Down-regulates TNF-α Secretion via Suppression of Scavenger 
Receptors in Macrophages. Immune Netw. 2013;13:123-132.

25. Kim J, Kwak HJ, Cha JY, Jeong YS, Rhee SD, Kim KR, et al. 
Metformin suppresses lipopolysaccharide (LPS)-induced 
inflammatory response in murine macrophages via activating 
transcription factor-3 (ATF-3) induction. J Biol Chem. 
2014;289:23246-55.

26. Tsai CM, Kuo HC, Hsu CN, Huang LT, Tain YL. Metformin 
reduces asymmetric dimethylarginine and prevents 
hypertension in spontaneously hypertensive rats. Transl Res. 
2014;164:452-9.

27. Rafieian-Kopaei M, Baradaran A, Merrikhi A, Nematbakhsh 
M, Madihi Y, Nasri H. Efficacy of co-administration of garlic 
extract and metformin for prevention of gentamicin-renal 
toxicity in Wistar rats: a biochemical study. Int J Prev Med. 
2013;4:258-64.

28. Zhang S, Sun Y, Xu T, Zhang X, Liu Y, Ma MJ, et al. Protective 
effect of metformin on renal injury of C57BL/6J mouse treated 
with high fat diet. Pharmazie Int J Pharm Sci. 2014;69:904-8.

29. Maezawa Y, Takemoto M, Yokote K. Cell biology of diabetic 
nephropathy: Roles of endothelial cells, tubulointerstitial cells 
and podocytes. J Diabetes Investig. 2015;6:3-15.

30. Tang SC, Lai KN. The pathogenic role of the renal proximal 
tubular cell in diabetic nephropathy. Nephrol Dial Transplant. 
2012;27:3049-56.

31. Bonventre JV. Can we target tubular damage to prevent renal 
function decline in diabetes? Semin Nephrol. 2012;32:452-62.

32. Forbes JM, Cooper ME. Mechanisms of diabetic complications. 
Physiol Rev. 2013;93:137-88.

33. Vieira Senger AE, Schwanke CH, Gomes I, Valle Gottlieb MG. 
Effect of green tea (Camellia sinensis) consumption on the 
components of metabolic syndrome in elderly. J Nutr Health 
Aging. 2012;16:738-42.

34. Wulffelé MG, Kooy A, de Zeeuw D, Stehouwer CD, Gansevoort 
RT. The effect of metformin on blood pressure, plasma 
cholesterol and triglycerides in type 2 diabetes mellitus: a 
systematic review. J Intern Med. 2004;256:1-14.

35. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull 
CA, et al. Association of glycaemia with macrovascular and 
microvascular complications of type 2 diabetes (UKPDS 35): 
prospective observational study. BMJ. 2000;321:405–12.

36. Meigs JB. Epidemiology of type 2 diabetes and cardiovascular 
disease: translation from population to prevention: the Kelly 
West award lecture 2009. Diabetes Care. 2010;33:1865-71.

37. Grant PJ. The effects of metformin on the fibrinolytic system 
in diabetic and non-diabetic subjects. Diabet Metab. 
1991;17:168-73.


