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The Therapeutic Potential of Phloretin: Implications for Diabetic Nephropathy and
Oxidative Stress Management
Griffin Rick

Abstract:

Diabetes mellitus is a chronic metabolic disorder affecting a significant proportion of the
global population. According to recent statistics, an estimated 463 million individuals worldwide
are living with diabetes. Among the various complications associated with diabetes, diabetic
nephropathy, a progressive kidney disease, poses a substantial burden on affected individuals.
Approximately 40% of people with diabetes develop diabetic nephropathy, making it a prevalent
complication of diabetes."

Diabetic kidney disease, also known as diabetic nephropathy, is a complication
associated with diabetes where the overall ability of the kidneys to filter blood is impaired.
Patients may experience mild symptoms such as proteinuria (excessive protein in urine) and
hypertension (high blood pressure) in the early stages.? However, as the condition progresses,
more severe complications can arise, including chronic kidney disease (CKD), end-stage renal
disease (ESRD), and the need for dialysis or kidney transplantation. These complications can
significantly impact a person's quality of life, leading to fatigue, fluid retention, electrolyte
imbalances, anemia, and an increased risk of cardiovascular problems. 3 *

Oxidative stress plays a significant role in diabetic kidney disease (DKD). One notable
contributing factor to DKD is oxidative stress, which refers to an imbalance between the
production of reactive oxygen species (ROS) and the body's ability to neutralize them.®
Hyperglycemia, a hallmark of diabetes, mediates oxidative stress in the kidney by triggering the
overproduction of ROS during cellular metabolism, leading to cellular damage and inflammation
within the renal tissue.®’

Phloretin, a dihydrochalcone, has been shown to act as a glucose transporter 2 (GLUTZ2)
inhibitor in early cancer studies that prevent glucose absorption and metabolism in cancerous
tissues. Beyond the scope of cancer cells, phloretin may serve other physiological roles, which,
in the kidneys, could act in response to severe oxidative stress both proactively via mitigating
glucose-induced ROS production and retroactively via acting as an antioxidant and promoting
the expression of antioxidant enzymes.® Moreover, phloretin possesses certain chelation
properties that may further prevent and treat complications related to heavy metal
toxicity-induced diabetes mellitus, a relevant contributor to the development of diabetic
nephropathy via oxidative stress. °

This paper focuses on the positive potential of phloretin therapy on overall kidney
function while speculating on the negative implications for phloretin that involve short-term
damage to the liver and pancreas. To this extent, this paper concludes by introducing the
concepts of 1) a metformin-based phloretin treatment plan and 2) maximizing the localization of
phloretin to the kidneys to minimize off-target effects.

Introduction:

Diabetic kidney disease, more commonly known as diabetic nephropathy, is a serious
and relatively common complication associated with diabetes that significantly impairs kidney
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function and the kidney’s ability to remove harmful waste products from the bloodstream
sufficiently.? 3

One of the key factors contributing to the progression of diabetes and its complications is
oxidative stress, which refers to an imbalance between the formation of reactive oxygen species
(ROS) and the body’s antioxidant defense system.'® In diabetic nephropathy, prolonged
exposure to high blood glucose concentrations can lead to increased ROS production, which is
generally attributed to accelerations in cellular metabolism, namely glycolysis, whereby glucose
is broken down to produce energy.®

In the context of chronic hyperglycemia relating to the kidneys, overstimulation of
glycolysis and the citric acid cycle (TCA cycle) can lead to overproduction of NADH, a major
electron carrier that is generated via the two aforementioned pathways.™ ' The respective
increased flux of NADH flooding into the electron transport chain (ETC) within the mitochondria
can overwhelm the system and lead to electron leakage, prompting the formation of reactive
oxygen species. "3

Furthermore, heavy metal toxicity-induced diabetes mellitus is another relevant factor in
developing diabetic nephropathy.’ '* Exposure to heavy metals like lead, cadmium, or arsenic
can induce oxidative stress by promoting certain oxidative pathways, which can alter glucose
metabolism and induce oxidative stress, leading to diabetes.

Understanding the relationships between oxidative stress, diabetic nephropathy,
diabetes, and central carbon metabolism is critical in discovering therapeutic opportunities for
some of the underlying conditions surrounding the development of diabetic nephropathy.
Targeting these processes through therapeutic interventions, like the use of phloretin, are worth
exploring to mitigate oxidative stress and improve kidney function in diabetic patients.

1. ROS Formation:

1.1 Glycolysis and NADH Formation
Glycolysis is a ten-step process that results in the formation of two pyruvate molecules.
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1.2 Electron Transport Chain and ROS Formation

The electron transport chain (ETC) is an important set of reactions that occur along the
mitochondrial membrane. It is instrumental in forming two components, electrons and hydrogen
ions, to fuel its main goal: ATP production. The ETC is, however, an extremely complex and
fickle process that requires delicate transfer of electrons between many different enzymes, all
of which are susceptible to changes in function due to external factors. One major outcome of
inefficient electron transfer is the formation of reactive oxygen species (ROS).

The first step of ETC is
commenced by Complex 1, opopksn
which comprises FMN, Fe-S, oo ﬁ
N-2, and Ubiquinone-Q, each of e %
which directly supports the itermamsae
electron transport chain by aiding
in the transfer of electrons (See
Figure 2). To initiate the process, éﬂ’l
FMN oxidizes NADH to NAD+,
and the two electrons removed ?
during this process are then : ‘K TN
moved from FMN to Fe-S, N-2, R [2+1120.+ @ — o] x2 )
then eventually transferred to the |
ubiquinone-q substrata, which I Figure 2: ETC and ATP Syathase’
can accept the electrons
alongside two free hydrogen ions
to form Ubiquinol.

Complex 2 involves the movement of electrons into the intermembrane space by FADH,.
In Complex 2, the enzyme succinate dehydrogenase is a membrane-bound enzyme that
catalyzes the transport of two electrons from the FADH, molecule,, which is oxidized to FAD+,
and the electrons removed during this process move to Ubiquinone-Q to form Ubiquinol by
taking hydrogen ions from the mitochondrial matrix.

Complex 3, the Q-cytochrome C oxidoreductase or the cytochrome bc1 complex,
comprises two main subunits, cytochrome b and cytochrome c1. In the reaction, electrons from
QH, as the result of complex 2, are transferred to cytochrome c. When two cytochrome ¢
molecules are reduced, one molecule of QH2 is oxidized, meaning two hydrogen ions are
removed from the matrix.

Ultimately, the pumping of hydrogen ions into the intermembrane space creates a
concentration gradient that favours the flow of protons back into the mitochondrial matrix.

Complex 4, also known as the cytochrome oxidase complex, oxidizes cytochrome
c.Electrons travel through the enzyme and eventually reduce O, to H,O. During the electron
transfer and reduction step, complex 4 pumps protons across the inner mitochondrial membrane
from within the matrix to the intermembrane space. This also contributes to the generation of
the aforementioned proton gradient that ultimately powers ATP synthase, also known as
complex 5. As a result of the reaction, four electrons and four protons are used to form two
water molecules (H,0), and this ensures the disposal of electrons from the ETC thereby aiding
in the prevention of electron leakage and subsequent ROS formation.

Contribution of two electrons from glycolysis-derived NADH to complex 1 is coupled with
proton pumping from the mitochondrial matrix to the intermembrane space. In the case of
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diabetes, kidney-associated cells experience persistently heavy glycolytic flux, leading to a
surplus of NADH that saturates electron transport in the mitochondria.'® The overflow is further
perpetuated by insufficient proton pumping, and it ultimately results in substantial electron
leakage and subsequent formation of superoxide (O,), the most common type of ROS.?% %!

The ETC is considered the primary physiological event associated with ROS formation in
diabetic patients, and elevated glycolytic flux in kidney tissue as a result of chronic
hyperglycemia overruns the body’s ability to prevent oxidative stress. 222

2. Effects of ROS on Renal Structure and Function

2.1 ROS-Induced Nephron Deterioration

The introduction of excess ROS through the glomerular apparatus can contribute
significantly to structural impairments, such as damage to endothelial cells, the glomerular
basement membrane, and the podocytes.?*

The podocytes are incredibly delicate structures that, when functionally operative, allow
the nephrons to screen waste for proteins that would otherwise be released through urination.
The mechanism that affects the function of the podocytes is the balance of intracellular redox
signaling. Excessive ROS can perturb this balance, leading to altered cellular metabolism that
significantly impairs the podocyte’s ability to repair its damaged tissues.?* ?°
In addition, ROS is also known to affect
Proxinmal canvolted tubue the cytoskeletal organization of podocytes.

DR % Specifically, the actin cytoskeleton is
essential for maintaining the kidneys'
structural integrity and proper function of
the kidneys. Disruption of the actin
cytoskeleton can result in podocyte foot
process effacement, leading to the
flattening or loss of finger-like protrusions
on the podocyte membrane.?” This
disruption can impact the efficacy of the
filtration barrier, causing selective
permeability and allowing proteins to leak
into the urine, a condition known as
proteinuria. Additionally, prolonged
exposure to ROS has also been shown to
promote pro-fibrotic changes within the
podocytes, leading to the accumulation of
extracellular matrix proteins that can result
in the development of glomerulosclerosis,
which is characterized by intense stiffening of the glomerular filtration apparatus and the
hardening of the glomerular basement membrane (GBM), which further impairs kidney function
(see figure 3).27:2°

One of the critical features of the GBM is its selective permeability, whereby the
renin-angiotensin system (RAAS) may alter the permeability of the GBM and endothelial cells to
increase or decrease the rate by which the glomerular apparatus can filter waste.*® In the
context of oxidative stress, modifications to the GBM components such as collagen IV and
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heparan sulfate proteoglycans (HSPGs), both of which affect tissue organization and interact
with growth factors, cytokines, enzymes, and extracellular matrix components, can lead to
increased permeability and subsequent leakage of proteins into the urine. 3" 2

ROS can also damage the structure and function of the endothelium. Increased ROS
causes poly (ADP-ribose) polymerase to become active within endothelial cells, which is
associated with decreased activity of glyceraldehyde-3-phosphate dehydrogenase (GAPDH).®
Reduced GAPDH activity is associated with NF-kB activation and increased expression of
certain isoforms of protein kinase ¢ (PKC), both of which decrease eNOS expression by
impairing or uncoupling NOS enzymes.* These enzymes typically serve to dilate vascular
smooth muscle cells through the production of nitric oxide (NO). In the absence of NO,
vasoconstriction is likely to occur as there is a substantial lack of counteraction against potent
vasoconstrictors like angiotensin Il (Ang Il) and endothelin-1 (ET-1).3* 3% Ultimately,
cardiovascular deterioration can occur as a result of the increased pressure exerted on these
constricted capillaries.

The enhancement of alternative metabolic pathways by hyperglycemia can lead to
increased diacylglycerol and a subsequent increase in the expression of particular isoforms of
PKC that are typically associated with the dilation of vascular smooth muscle cells.* 3¢ In the
context of the kidneys, elevated PKC may be associated with the dilation of the afferent
arterioles that flow into the glomerular apparatus, ultimately leading to an increase in
intraglomerular pressure.®” As eNOS expression decreases and vasoconstrictors are released
following ROS induction in the bowman’s capsule, Ang Il and ET-1 constrict the efferent
arterioles and limit the rate at which fluid can commute from the glomerulus after initial filtration.
36

The combination of these renal-vascular modifications forces an increased amount of
blood plasma through the glomerulus and through the remainder of the nephron. Oftentimes the
hyperflow of blood plasma causes increased urination by elevating the volume of fluid that is
filtered through the kidneys. This hyperfiltration can contribute to certain issues related to
dehydration, electrolyte imbalance, and the loss of blood and proteins.? 4 38

Overall, the damage caused by ROS in the kidneys can be severe in high enough
concentrations and can significantly damage the structure and function of the kidneys. The
removal of ROS or prevention of ROS formation in renal tissues is a potential way of preventing
or treating diabetic nephropathy. *

3. Introduction to Glucose Transporter 2 (GLUT2)

Glucose transporter 2 (GLUT?2) is a specialized transporter protein responsible for
moving extracellular glucose to the cytoplasm, where it is the starting substrate for glycolysis.
GLUT2 is most commonly found in the liver, kidneys, and pancreas, all of which do not require
large amounts of glucose to maintain metabolic homeostasis. For these reasons, GLUT2 has a
relatively low affinity for glucose. It requires a high venous glucose concentration to initiate
glucose transport into GLUT2 cells/tissues, which can be useful in the signaling of certain
sensitive pathways like insulin secretion and glycogen storage.

In the pancreas, GLUTZ2 is the primary glucose transporter in pancreatic B-cells, which
are responsible for triggering insulin release in response to elevated blood glucose levels.
Insulin secretion initiates glucose transport in GLUT4 tissues such as adipose tissue and
skeletal muscle, which require insulin to facilitate glucose transport into the cytoplasm.
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In the liver, the role of GLUT2 is to harvest blood glucose when in higher concentrations
and store the glucose in the form of glycogen, which can then be reconverted to glucose when
blood levels of this metabolite are low. The byproduct of glucose utilization by muscle is lactate,
which can be re-harvested from the blood by the liver. The captured lactate can be recycled into
glucose via gluconeogenesis to be used for glycogen storage or stabilization of blood glucose
levels. It is also worth noting that the reason GLUT2 is found in the liver is likely because of its
relatively low affinity for blood glucose uptake, making it a prime candidate for limiting the
amount of glucose taken from the blood to be used in glycogen conversion/storage, making it a
retroactive energy supplier to the body that serves as a critical aid in maintaining a consistent
blood glucose level.

3.1 The Role of GLUT 2 in the Kidneys:

In the kidneys, GLUT 2 is utilized primarily in the proximal tubules, which are responsible
for filtering blood and turning its waste into urine. The main function of GLUT2 in the kidneys is
to facilitate the movement of glucose across the luminal membrane of the proximal tubule cells,
allowing glucose to be transported from the tubular fluid into the cells.*® Once inside these cells,
glucose can either be utilized in glucose metabolism or be transported across the basolateral
membrane into the interstitial fluid and then back into the bloodstream in a process known as
reabsorption or reuptake. This process of glucose reabsorption is crucial in maintaining glucose
homeostasis in the body.®

Normally, the kidneys filter a large amount of glucose from the blood into the glomerular
filtrate in the initial phase of filtration, which occurs in the glomerulus/bowman’s capsule.*' 42
Still, under normal physiological conditions, almost all of this filtered glucose is reabsorbed by
the proximal tubules via GLUT2, preventing excess loss of glucose in the urine. %%

Due to GLUT2 having a low affinity for glucose, the kidneys are able to reabsorb glucose
in response to varying glucose concentrations in the blood, ensuring efficient glucose
reabsorption.*® The primary physiological issue with GLUT2 reabsorption in the kidneys is that in
diabetes, proximal reabsorption of glucose is extremely high because of glucosuria, or
increased glucose concentration in the filtrate, which indicates to the GLUT2 cells that glucose
should be reabsorbed into the blood, thus preventing excess glucose from being filtered out. 4
43,44

Furthermore, sodium-glucose cotransporter (SGLT2) is responsible for maintaining
venous electrolyte balance via reabsorption of both glucose and salts in the proximal tubules.*
Therefore, a change in urine glucose concentrations common in glycosuria may perpetuate
blood electrolyte imbalance, leading to a variety of negative health effects like certain
neurological abnormalities such as cardiac arrhythmia.*® %’ Hence, the regulation of this
interface is crucial in maintaining overall homeostasis.

4. Phloretin Therapy — GLUT 2 Inhibitors:

One potential therapeutic option for mitigating chronic hyperglycemia is inhibiting
proximal reabsorption of glucose in the kidneys, which would facilitate the passage of glucose
through the nephron body towards the bladder for eventual secretion.

Similarly, phloretin possesses certain chelation properties that may further prevent and
treat complications related to heavy metal toxicity-induced diabetes mellitus. This characteristic
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of phloretin may be significant in defending against heavy metal-ROS formation pathways like
the Fenton and Haber-Weiss0 pathways.

4.1 GLUT2 in Competitive Inhibition

Phloretin works to inhibit GLUT2 through a process known as competitive inhibition.*?
Phloretin competes with glucose to bind the active site of the GLUT2 transport protein, which
prevents glucose from being transported across the cell, and has been shown to inhibit GLUT2
in cancer-based clinical trials.® 4°- %% %" Because phloretin only remains in the active site for a brief
period of time, it can bind and unbind from the active site in predictable intervals and as
necessary.*> % Additionally, the predictability of this interaction is beneficial because varying
concentrations and quantities of phloretin can be used for different strengths of interference,
allowing for diversification of treatment plans for different patients at varying stages of diabetic
nephropathy.

The specific molecular mechanism
surrounding the interaction of phloretin with
GLUT2 is largely unknown. However, we can OH
draw likely conclusions based on the molecular
composition of the phloretin molecule, namely a
combination of hydrophobic and hydrogen bond HO OH
interactions.

Phloretin is composed of aromatic rings
and hydrophobic regions (See Figure 4). The
hydrophobic regions of the phloretin molecule
can interact with the hydrophobic amino acid OH O
residues present in the transmembrane region of Figure 4: Molecular Structure of the Phloretin Molecule
the GLUT2 protein that includes the active site.
This interaction largely involves Van der Waals forces. It enables the formation of non-polar
contacts between phloretin and the protein, which are not particularly strong in terms of bond
strength.

In addition to the hydrophobic interactions, phloretin also contains hydroxyl groups (-OH)
that can act as hydrogen bond donors or acceptors: so these hydroxyl groups may form
hydrogen bonds with specific amino acid residues in the active site of GLUT2, leading to
stronger bonds between the active site and the phloretin molecule than the previously
mentioned contacts involving Van der Waals forces

It is also important to note that the actual bond affinity of phloretin to GLUT2 is unknown,
so it is unknown whether glucose or phloretin is more likely to bind to GLUTZ2. Nevertheless,
phloretin, if proven to hold a stronger affinity towards GLUTZ2, may have implications for
fast-acting effects in cases of acute renal failure.

4.2 GLUT2 in the Antioxidant Defense System

Phloretin exhibits antioxidant activity primarily through its ability to scavenge free radicals
and inhibit oxidative stress.** Phloretin possesses phenolic groups that can donate hydrogen
atoms or electrons to free radicals, neutralizing their reactivity.

Phloretin is also a highly capable chelation molecule, which can bind to metal ions like
iron or copper. Metal ions, in high concentrations, can catalyze the generation of free radicals
through Fenton and Haber-Weiss reactions, and by chelating these ions, phloretin may help
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prevent heavy metals’ participation in these reactions by essentially wrapping the metal ion in
the phloretin molecules, reducing the harmful free radical production.
The Fenton reaction involves the catalytic role of iron Il in generating hydroxyl radicals.

Fe'2+ H,0, — Fe* + OH + OH

Hydroxyl radicals are highly reactive and can cause oxidative damage to cellular components
such as lipids, proteins, and nucleic acids.®®

The significance of the chelation properties of phloretin lies in the correlation between
heavy metal toxicity and diabetes. Elevated venous heavy metal concentration has been shown
to contribute to the severity of diabetes and some of its complications.%® %" Specifically, exposure
to lead, cadmium, arsenic, and mercury has been associated with an increased risk of
developing diabetes or exacerbating its symptoms, specifically in developing insulin resistance
and inducing pancreatic B-cell death.%®

Heavy metals are also fairly common in the environment. They can enter the body
through various sources such as contaminated water, food, air pollution, occupational exposure,
and many consumer products. Prolonged exposure to any heavy metal source significantly
increases the risk of developing diabetes or worsening its complications.*® *8 It is also worth
noting that by removing harmful heavy metals from the bloodstream via chelation, phloretin may
prevent the formation of advanced glycation end-products by sequestering metal ions.

For instance, chronically elevated blood glucose levels can lead to the glycation of
hemoglobin, known as HbA1c.>® Importantly, iron can promote the glycation of hemoglobin
specifically by utilizing the Fenton reaction within the bloodstream. The process of glycation is
facilitated by the attachment of glucose to nitrogen in the formation of a Schiff base. It is formed
largely as a result of hyperglycemia. The Schiff base turns into a ketone via the Amadori Adduct,
which results in the crosslinking of arginine and lysine residues, subsequently forming an
Amadori product that can easily bind to hemoglobin. The glycation of HbA1c renders it
incapable of transporting oxygen in the bloodstream. The introduction of phloretin could both
minimize hyperglycemia and limit reactive iron concentrations in the blood thereby mitigating the
effects of glycation.

Phloretin has also been shown to induce the expression of certain antioxidant enzymes,
including superoxide dismutase (SOD) and catalase, both of which play crucial roles in
neutralizing free radicals and detoxifying reactive oxygen species.®

4.3 Improvements in Kidney Function

Phloretin treatment will likely lead to improvements in kidney function by decreasing
ROS formation and increasing proactive mechanisms to help eliminate radicals. Additionally, the
decrease in the formation of advanced glycation end products (AGEs), specifically advanced
glycated enzymes, will likely lead to decreased intraglomerular hypertension. The corresponding
decrease in blood pressure may result in lessening the damaging effects of ROS-induced
glomerulosclerosis, heightened glomerular filtration rate, glomerular basement membrane
deterioration, podocyte dysfunction, and in severe cases, endothelial dysfunction.
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5. Negative Externalities:

5.1 Renal Function

Although the potential local effects of inhibiting GLUTZ2 in the kidneys are fairly optimistic,
it is also important to understand the possible negative impacts phloretin could have on the
kidneys and other organ systems.

Although overall function may improve, the kidneys may see negative effects due to
phloretin-induced glucosuria. As mentioned above, sodium-glucose cotransporter (SGLT2) is
responsible for maintaining venous electrolyte balance through reabsorption in the proximal
tubules, and a change in urine glucose concentration in glucosuria may perpetuate venous
electrolyte imbalance.* In addition, chronic glucosuria may result in progressive deterioration of
the kidneys in events similar to glycation. It could limit reuptake potentials for other proteins/cells
and lead to osmotic diuresis as the body attempts to level the glucose gradient by attempting to
dilute the urine by increasing water secretion.

5.2 Hepatic Function

In the liver, GLUTZ is crucial in maintaining glucose homeostasis all over the body, and
inhibiting GLUT2 may disrupt the normal uptake and utilization of glucose by the hepatocytes,
which may lead to altered glucose metabolism, abnormal blood glucose levels, and further
contribute to altered hepatic insulin resistance.

The liver's primary function in terms of blood glucose management is the storage of
glucose in the form of glycogen, which can be broken down and released back into the
bloodstream in the form of glucose when concentrations decrease such that metabolic
homeostasis is jeopardized. The role of GLUT2 in the liver is to regulate this exchange, and by
inhibiting GLUTZ2, glucose uptake by the liver may change such that glycogen synthesis,
storage, and signaling are jeopardized, leading to a decreased capacity to store glycogen and
regulate blood glucose concentrations.

GLUT2 inhibition may also impact liver metabolism beyond glycolysis, as the liver plays a
crucial role in various metabolic processes, including lipid metabolism, protein synthesis, and
blood detoxification. One such metabolic change could alter the process of gluconeogenesis,
such that lactate, a major input for gluconeogenesis, shifts to a point where lactate
concentrations increase in the bloodstream and can cause serious adverse health effects like
metabolic acidosis, increased myocardial oxygen consumption, tissue hypoxia, or even organ
failure.

5.3 Pancreatic Function

In the pancreas, GLUT2 is primarily expressed in pancreatic B-cells responsible for
producing and secreting insulin into the bloodstream. GLUT2 allows for the entry of glucose into
beta cells, which can trigger insulin release in response to elevated blood glucose levels to
attempt to increase cellular glucose uptake by GLUT4 (insulin-dependent) tissues to decrease
blood glucose levels. Inhibiting GLUTZ2 can disrupt normal glucose sensing and impair
glucose-stimulated insulin secretion, leading to reduced B-cell insulin production and further
compromising blood glucose regulation.

In addition, GLUT2 is also involved in glucose metabolism within pancreatic B-cells, and
limiting normal glucose utilization and metabolism within beta cells could potentially affect
energy production and other cellular processes.
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GLUTZ2 inhibition may also lead to changes in gene expression within the pancreas,
including genes related to insulin synthesis, glucose metabolism, and pancreatic cell
differentiation. By disrupting the normal expression of these genes, developmental abnormalities
may present as reduced cellular proliferation, differentiation, apoptosis, and impaired immune
response.

6. Phloretin v. Other Antioxidants

Concerning their antioxidant properties, phloretin and other antioxidants share a few
characteristics in terms of their ability to regulate oxidative stress and limit free radical damage.
Compared to some of its antioxidant counterparts like vitamin C, vitamin E, resveratrol, and
curcumin, phloretin does not perform as well, mainly because of the wide range of tissues that
the alternate antioxidants can target. Due to its insolubility in water, phloretin cannot readily
transverse the bloodstream, making it difficult to promote as an all-around solution to inhibiting
oxidative damage across the entirety of the kidneys.

For example, Vitamin C (ascorbic acid) is a potent antioxidant that, like phloretin,
scavenges free radicals and protects against oxidative damage. Unlike phloretin, Vitamin C’s
water-soluble characteristics allow it to maneuver across many different tissue types. Vitamin E
(tocopherol) is a fat-soluble antioxidant that primarily protects cell membranes, specifically, from
oxidative damage by neutralizing lipid peroxyl radicals, and also carries specific
anti-inflammatory properties, which could be an option for limiting oxidative damages within the
glomerular basement membrane and podocyte foot processes as well as being able to navigate
fatty tissues easily.

However, as stated before, the beneficial aspects of phloretin extend beyond its ability to
prevent oxidative damage. Examples of its beneficial effect include retroactively inducing
antioxidant enzymes to help prevent oxidative stress in the long term, anti-diabetic chelation
potential, the ability to inhibit glycolysis and subsequent electron leakage in GLUTZ2 renal
tissues, and anti-AGE formation.>* %5 %

It is also worth noting that the possibility of using phloretin as a broad-spectrum
antioxidant is relatively slim, as the damage to the pancreas and liver would likely be too severe
for the benefits in antioxidant prevention to outweigh the negative externalities. However, there
are some modern solutions that could address the challenge of localization.

Modern Implications for Therapeutic Phloretin Interventions

Modern innovation in localized drug administration could have significant implications for
the delivery method of phloretin to renal tissues without the invasive injection method that
phloretin would require for localization. Phloretin, because of its water-insoluble nature, is not
likely to transfer to other organ systems in large quantities if administered directly to the kidneys
themselves, so the administration of phloretin in an organ-specific manner would likely be an
effective work-around to the administration of phloretin intravenously.

Modern nanotechnology and advancements in delivery systems could mean a simple oral
administration of phloretin encapsulated in nanoparticles designed to target the kidney could
provide the level of localization required to aid the body in treating the oxidative damages of
diabetic nephropathy.®’: ¢2

10
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Specifically, through targeting renal tubular cells directly involved in diabetic nephropathy,
surface modifications on nanoparticles can be designed to bind to receptors or transporters
expressed in renal tubular cells, allowing for the delivery of phloretin directly to the desired site
of action within the kidneys, maximizing therapeutic efficacy and minimizing the effects on other
organ systems.®?

Metformin is commonly known and used as an oral medication for type 2 diabetes.
Recent research has explored the potential protective effects of metformin to be used on the
kidneys specifically. Still, the combination of metformin and phloretin might be a serious
therapeutic option for diabetic nephropathy.

Metformin has demonstrated renoprotective properties in preclinical studies, and
metformin reduces inflammation and fibrosis in the kidneys, which have implications for diabetic
nephropathy.® % Metformin is also commonly used for its ability to lower blood glucose levels in
individuals with diabetes, and by improving insulin sensitivity and reducing glucose production
by the liver, metformin can help control blood sugar levels.

The ability of metformin to remove glucose from the bloodstream by reactivating
insulin-dependent cells/tissues in type 2 diabetes alongside the beneficial properties of phloretin
on the kidneys may lead to significant improvements in overall kidney function by allowing for
urination to occur without perpetuating glucosuria, electrolyte imbalances, and dehydration,
making this combination an appealing treatment for cases of acute renal failure.

Conclusion

The use of phloretin as a therapeutic option for mitigating chronic hyperglycemia and
heavy metal toxicity-induced diabetes mellitus holds promise. Its ability to inhibit GLUT2 and
compete with glucose for binding sites shows potential for fast-acting effects in cases of acute
renal failure. Additionally, phloretin's antioxidant properties, including scavenging free radicals
and chelating metal ions, offer a means to prevent oxidative stress and limit the formation of
advanced glycation end-products. While negative externalities such as potential impacts on
renal, hepatic, and pancreatic function should be considered, modern innovations in localized
drug administration, such as nanotechnology-based delivery systems, may help address these
concerns. Combining phloretin with other therapeutic agents like metformin could provide a
comprehensive approach to treating diabetic nephropathy and improving overall kidney function.
Overall, the potential benefits of phloretin-based antioxidant therapy in preventing and treating
diabetic nephropathy are significant and warrant further investigation and development.

11
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