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Abstract: Ellagitannins (ETs) are the group of tannins found in fruits, nuts and seeds; they undergo hydrolysis
in the human digestive tract to form ellagic acid (EA). EA further converted into various forms of Urolithin
derivatives (A, B, C, D, M-5, M-6 and M-7) by gut micro biota. Perhaps, the pharmacological properties of said
Urolithins were extensively studied, while, little is known about the therapeutic role of synthetic Urolithin-C on
oxidative stress induced eryptosis and tissue damage. Therefore, in the current study we investigated the
ameliorative role of chemically synthesized Urolithin-C on sodium nitrite and Diclofenac (DFC) induced
eryptosis and vital organ damage respectively. Urolithin-C was synthesized using chemical method and
characterized by High-Performance Liquid Chromatography (HPLC), Nuclear Magnetic Resonance (NMR),
Fourier Transform Infrared Spectroscopy (FTIR), and Liquid Chromatography Mass Spectroscopy (LC-MS). The
synthesized Urolithin-C scavenged free radicals (DPPH, H202) and reduced ferric iron to ferrous iron, revealed
its antioxidant activity. The observed antioxidant potential of Uro-lithin-C was investigated in sodium nitrite
induced stress in RBC and Diclofenac induced tissue damage in rats. Interestingly, Urolithin-C normalized
the sodium nitrate-induced oxidative stress in red blood cells by regulating stress markers, such as lipid
peroxidation (LPO), total thiol (TT), and protein carbonyl content (PCC), and endogenous antioxidant enzymes
superoxide dis-mutase (SOD) and catalase (CAT) in a dose dependent manner. Similar effect was also observed
in the tissue homogenates of liver, kidney, heart and pancreas taken from the Diclofenac injected Sprague
Dawley rats. The tissue sections (liver, kidney, heart and pancreas) obtained from the Diclofenac (DFC) received
rats showed massive destruction of hepatocytes, nephrons, cardiocytes and pancreas. However, Urolithin-C
received rats tissue sections showed normal histology compared to the positive (Silymarin) control treated
groups. In addition, Urolithin-C regulated the key tissue specific biochemical markers in DFC injected Sprague
Dawley rats serum strengthened its tissue protective role. In conclusion, chemically synthesized Urolithin-C
regulated NaNO2 and diclofenac induced oxidative stress in RBC and vital organs through its antioxidant

property.

Keywords: Ellagitannins; Urolithin-C; Oxidative stress; Tissue damage; Antioxidant activity.

1. Introduction

Oxidative stress (OS) is a pathological condition of the body, characterized by an imbalance
between Reactive Oxygen Species (ROS) and cellular antioxidant machineries. ROS, such as hydroxyl
radicals (OHe), hydrogen peroxide (H202), superoxide anions (O2¢-), and organic peroxides are the
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byproducts of aerobic metabolism formed in mitochondria [1]. In addition, Reactive Nitrogen Species
(RNS), a family of nitrogen containing compounds, are also produced under oxygen deficient
conditions and can further generate ROS [2,3]. Elevated levels of ROS/RNS are linked to lipid
peroxidation, protein carbonylation, and DNA damage, potentially leading to cellular dysfunction or
tissue damage [4]. Eventually, results in complex of life style diseases such as, hypertension,
thrombosis, cancer, cardiovascular disorders, atherosclerosis, and diabetes mellitus [5,6]. Most
importantly, when erythrocytes (RBCs) exposed to ROS/RNS undergo eryptosis a type of
programmed cell death causes anemia, hypoxia, heart disease, tissue damage, and thrombosis as well
[7]. The burden of lifestyle diseases has been tremendously increasing in the world population and
they are the major cause for mortality and morbidity. Currently, chronic lifestyle diseases are treated
by non-steroidal anti-inflammatory drugs by ignoring their life threatening side effects [8]. Hence,
combitorial therapy is needed to support the exciting treatment strategies. Therefore, antioxidants
from natural sources receive greater importance. For instance, isolated diarylheptanoids and
isocoumarins from Alnus japonica steud and Papaelanthus have gained significant attention for their
potent antioxidant and anti-inflammatory properties [9,10]. In addition, Rosmaric acid, Carnosol, and
Carnosic acid were isolated from Rosemary extract, exhibited antioxidant property [11] Researchers
also made an effort to synthesize diarylheptanoids and isocoumarins and proved their antioxidant
and anti-inflammatory properties [12,13]. Despite, the controversial reputation, synthetic
antioxidants such as tertiary butylhydroquinone (TBHQ), butylated hy-droxyanisole (BHA),
butylated hydroxytoluene (BHT) and propyl gallate have been extensively used as food additives for
the preservation of processed foods (14). It is a truth that, several antioxidants isolated and
synthesized are not fully utilized due to the issues associated with digestion, absorption, and
bioavailability [15]. Therefore, identifying new antioxidants with multitude of therapeutic efficiency
is the need of an hour. Pomegranates, with their rich jewel like seeds and vibrant juice, have long
been celebrated for their remarkable health benefits. It is largely attributed to their high content of
antioxidant polyphenols, especially ellagitannins like punicalagin [16]. This health-promoting
potential extends to other fruits (strawberries, raspberries, blackberries and muscadine grapes) and
nuts (walnuts and almonds) as they are rich in Ellagitannins (ETs). ETs are the class of hydrolysable
tannins having diversified chemical complexity, in the stomach under acidic condition they are
converted into ellagic acid (EA) [17]. The human gut microbiome metabolizes these EA into 6H-
dibenzo[b,d]pyran-6-one, through the sequential removal of hydroxyl groups followed by
decarboxylation of one of the lactone rings of EA to form the derivatives of Urolithins- A, B, C, D,
M-5, M-6 and M-7 [17, 18]. Researchers have synthesized various Urolithin derivatives,
demonstrating biological activities such as neuroprotection, anticancer (colon breast and prostate),
antiatherosclerosis, antimalarial, antioxidant and anti-inflammatory activity [19, 20]. They are also
patented for the prevention and treatment of neoplastic diseases [21]. It is noted that Urolithin-A and
B were isolated and well characterized from fecal matters of experimental rats [22]. While, Urolithin-
C was chemically synthesized using several methods, only antioxidant and anticancer activity was
analyzed so far [23]. Recent reports suggested that the isolation of Urolithins from gut microbiota or
from the fecal matter is the time consuming and tedious job [24]. Thus, chemical synthesis appears to
be an alternative avenue for the synthesis of the natural product. Thus, in the current study, we made
an attempt to synthesize Urolithin-C and its ameliorative role on stress induced RBC, liver, kidney,
heart and pancreas damage through its antioxidant potential was examined and the results are
presented.

2. Results
2.1. Synthesis of Urolithin-C:

Synthesis of Urolithin-C was a four step reaction. In the first step when 2-formylphenyl boronic
acid was mixed with 2-bromo-1-iodo-4-methoxybenzene in presence of Bis-triphenylphosphine
palladium (II) dichloride (PdCl2(PPhs)2) as a catalyst under basic condition in tetrahydrofuran (THF)
at room temperature biaryl carboxy aldehyde was formed with a yield of about 70 %. In the second
step, biaryl carboxy aldehyde undergone oxidation with potassium permanganate, pyridine and


https://doi.org/10.20944/preprints202410.1948.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 October 2024 d0i:10.20944/preprints202410.1948.v1

water. Further, it had undergone esterification with dimethyl formamide and methanol to form a
biaryl carboxylic ester. In the third step, biaryl carboxylic ester was undergone a coupling reaction in
presence of N,N,N’,N’ tetramethyl ethylene diamine and potassium carbonate resulted in methyl
ether of Urolithin-C. Finally, methyl ether of Urolithin-C undergone demethylation with boron
tribromide in the presence of hydrochloric acid and dichloromethane resulted in Urolithin-C with a
yield of 10%. Figure 1 represents the process of Urolithin-C synthesis.

Step 1: Formation of biaryl carboxy aldehyde

o PACI;(PPhs)z, THF, O 4
+ _—
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: 1, R}, R? = OCH20

R!, R? = OCHO 2-bromo-1-iodo-4-methoxybenzene 2
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Figure 1. Process of Urolithin-C synthesis:.

2.2. Purification and Characterization of Synthesized Urolithin-C:

TLC was carried out to determine the purity of synthesized Urolithin-C, a single spot of
Urolithin-C with a retardation factor of 0.3 cm for the first reaction intermittent and the retardation
factor of 0.2 cm for the second reaction was noticed (bromination and acidification). Figure SA1 and
SA2 indicates the TLC chromatogram of Urolithin-C. Further, the purity of Urolithin-C was
examined using HPLC, interestingly synthesized Urolithin-C was eluted as a single sharp peak with
a retention time of 10.902 minutes [ Figure 2].
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Figure 2. HPLC peak of Urolithin-C with 96.47 area % with a retention time of 10.902 minutes.

Furthermore, the probable structure was analyzed using 'H and *C NMR. The proton chemical
shift (0) was reported in parts per million (ppm) 'H NMR (400MHz, DMSO):  10.37 (brs 'H, ArOH),
10.11 (brs, 'H, ArOH), 10.01 (brs, 'H, ArOH), 7.85 (d,] = 8.4Hz, ArH, 'H), 7.49 (s, 'H, ArH), 7.44 (s, 'H,
ArH), 6.79 (dd,] = 8.2,2.4Hz, 'H, ArH),6.69 (d,] = 2.4Hz, 'H, ArH) [Figure SA3-1]. ®*C NMR (400MHz,
DMSO): o 160.814, 159.034, 153.911, 151.922, 146.594, 129.666, 124.196, 114.677, 113.341, 111.349,
110.259, 107.297, 103.255 [Figure SA3-2].

To identify the probable functional groups of synthesiszed Urolithin-C, Fourier transfer infrared
(FTIR) spectroscopy was done. The wavelength 3361-3326 cm-1 repre-senting an overseas peak,
indicating the stretching of a polymeric hydroxyl group (O-H stretching). The absorption peak at
wave number 2994 cm-1 was caused by free phenolic functional groups (O-H stretching).
Furthermore, C=0 stretching at 1705 cm-1 and C=C stretching at 1620 cm-1 implies the presence of a
ketone moiety. The area between 988-698 cm-1 reveals a C=C bending property of the alkene moiety,
and this spectrum validated the structure of Urolithin-C [Figure 3A]. Further, the mass of the
synthesized compound was found to be 244.53 g/mole concerning the negative mode of m/z ratio,
which was con-firmed by the mass data, acquired using Liquid LCMS [Figure 3B].
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Figure 3. FTIR and LCMS chromatogram of Urolithin-C: (A). FTIR spectra showing the presence of
functional groups of Urolithin-C. (B) LCMS Chromatography of negative modes revealed with
molecular weight of Urolithin-C.

2.3. Urolithin-C Exhibits Antioxidant Property by Scavenging DPPH, H:0: and FRAP Radicals:

Urolithin-C scavenged the free radicals in a concentration dependent manner (0-25 pg) that was
compared to ascorbic acid the positive control. The percentage of DPPH scavenging potential of
Urolithin-C was found to be 79 % at the concentration of 25 pg, while ascorbic acid showed 85 %
radical scavenging potential with an ICsovalue of ~ 8.645 ug/ml [Figure 4A]. Furthermore, Urolithin-
C scavenged the H>O2 radicals (74 %) as well, that was compared to the positive control ascorbic acid
(83 %). The calculated ICso value of Urolithin-C was found to be 6.2 ug/ml [Figure 4B]. In addition,
Urolithin-C also exhibited ferric-reducing properties with a reducing power of 81 %, somewhat
higher than that of the typical FRAP value of ascorbic acid (78 %). The ICso value of Urolithin-C was
found to be 18.9 ug/ml [Figure 4C].
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Figure 4. Antioxidant activity of Urolithin-C: (A) DPPH assay. (B) H202 assay. (C) FRAP assay. Each value is
given as a mean + SD. *significance at P < 0.05 and *** at P < 0.0001.

2.4. Urolithin-C Ameliorates the Oxidative Stress Parameters in the Sodium Nitrite (NaNO:) Induced
Oxidative Stress in RBCs (In-vitro):

To substantiate the observed antioxidant property of Urolithin-C sodium nitrite was used as a
stress inducer in human RBCs. The key stress markers such as lipid peroxidation (LPO), protein
carbonyl content (PCC) and total thiol (TT) were assessed. The Malondialdehyde (MDA) level was
tested to determine lipid peroxidation, and it was considerably raised in RBCs treated with NaNO:
(10 mmol/l). RBCs treated with Urolithin-C (0-25 pg) preincubated with NaNO: exhibited a dose
dependent reduction in MDA level. Interestingly, MDA level remained constant in the groups treated
with Uro-lithin-C alone [Figure 5A]. In the case of NaNO:z treated RBCs lysate the protein carbonyl
content (PCC) was increased compared to the control group. While, RBCs received various
concentration of Urolithin-C (0-25 ug) preincubated with NaNOy, there was a significant restoration
of PCC was identified compared to the control groups [Figure 5B]. Similarly, in case of NaNO: alone
treated RBCs there was an increased level of total thiol content was examined. However, RBCs treated
with various concentrations of Urolithin-C (0-25 ug) preincubated with NaNOz there was a significant
restoration of total thiol content was also identified compared to the control groups [Figure 5C].
Notably, Urolithin-C alone did not affect any of these three markers compared to the control groups.
Most importantly, RBCs exposed to NaNO: showed a massive reduction in superoxide dismutase
(SOD) and catalase (CAT) enzyme activities. While, RBCs treated with various doses of Urolithin-C
(0-25 ug) preincubated with NaNOg, the activities of said enzymes were significantly improved.
Perhaps, in case of Urolithin-C alone treated RBCs activity of SOD and CAT remains unaltered

[Figure 5 D and E].
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Figure 5. Effect of Urolithin-C on NaNO: induced oxidative stress in RBCs: (A) LPO.(B) PCC. (C) TT. (D) SOD.
(E) CAT. To identify the protective effect of Urolithin-C against NaNO2 induced oxidative damage, red blood
cells were preincubated for 10 min with various concentrations (0-25 pg) of Urolithin-C at 37 °C before
treatment with NaNOz (10 mM). The results are presented in average units/mg of protein and are expressed
as mean + SEM (n = 3). Significance * at p < 0.005, ** at p <0.001 and *** at p < 0.0001.

2.5. Urolithin-C Regulates the Diclofenac Induced Oxidative Stress Parameter in Animal Model (In-vivo):


https://doi.org/10.20944/preprints202410.1948.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 October 2024

doi:10.20944/,

reprints202410.1948.v1

Liver, kidney, heart and pancreas, homogenates of Diclofenac (DFC) treated rats showed

increased level of MDA, TT and PCC compared to rats injected with silymarin a positive control. On
the other hand, rats administered 50-150 mg/kg of Urolithin-C that was preincubated with DFC all
the said markers were significantly restored compared to the control group [Figure 6A, B & CJ.
Additionally, the activity of antioxidant enzymes such as, CAT and SOD was decreased in DFC
injected tissue homogenates (liver, kidney, heart and pancreas). Whereas, various doses of Urolithin-
C preincubated with DFC, the activity of said antioxidant enzymes was significantly restored.

Notably, rats injected with Urolithin-C alone did not cause any change in the stress markers that was
compared with the normal [Figure 7A & B].
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Figure 6. Effect of Urolithin-C on Diclofenac induced oxidative stress in tissue homoginates of liver,
kidney, heart and pancreas: (A) PCC. (B) LPO. (C) TT. DFC (50 mg/kg), SLY + DFC (25 mg/kg),
Urolithin-C alone (150 mg/kg), Urolithin-C (50 mg/kg) + DFC, Urolithin-C (100 mg/kg) + DFC, and
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Urolithin-C (150 mg/kg) + DFC in comparison to the toxicity for control groups. All samples presented
were administrated as mg/kg body weight/day. The data represented as mean (n = 3) + SEM. ***
Significance at p <0.0001 and ** at p < 0.001.
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Figure 7. Effect of Urolithin-C on diclofenac induced oxidative stress in liver, kidney, heart and
pancreas: (A) SOD. (B) CAT: DFC (50 mg/kg), SLY + DFC (25 mg/kg), Urolithin-C alone (150 mg/kg),
Urolithin-C (50 mg/kg) + DFC, Urolithin-C (100 mg/kg) + DFC and Urolithin-C (150 mg/kg) + DFC in
comparison to the toxicity for control groups. All samples presented were administrated as mg/kg
body weight/day. The data represented as mean (n = 3) + SEM. *** Significance at p <0.0001 and ** at
p <0.001.

2.6. Urolithin-C Restores the Biochemical Parameters in Diclofenac injected rat’s serum:

To test the protective effect of Urolithin-C on Diclofenac (DFC) induced liver, kidney, heart and
pancreas damage the tissue specific biochemical markers were analyzed using rat’s serum sample.
The level of serum albumin, globulin and total proteins decreased, whereas, ALP (Alkaline
phosphatase), SGOT (serum glutamate oxaloacetate transaminase), SGPT (serum glutamate pyruvate
transaminase), and total bilirubin (direct and indirect) were increased significantly suggesting the
Diclofenac induced liver damage [Figure 8]. Renal function markers including urea, uric acid, and
creatinine were raised suggesting DFC induced kidney damage [Figure 9A]. The rise in creatinine
phosphokinase and Troponin-I revealed DFC induced heart damage [Figure 9B]. In addition, the
elevated level of lipid profile such as triglyceride and cholesterol (HDL,LDL,VLDL and total
cholesterol) was also identified [Figure 10]. Interestingly, Urolithin-C restored all the said
biochemical markers of DFC treated rat’s serum, strengthened the protective role of Urolithin C on
oxidative stress induced tissue damage.
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Figure 8. Effect of Urolithin-C on Diclofenac induced oxidative stress in rat’s serum biochemical

parameters as liver function test: The results presented are expressed as mean * SEM (n = 3).
Significance* at p < 0.005, ** at p <0.001 and ** at p < 0.0001.
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Figure 9. Effect of Urolithin-C on Diclofenac induced oxidative stress in rat’s serum biochemical
parameters: (A) Renal function test. (B) Heart function test. The results are presented are expressed as
mean + SEM (n = 3). Significance* at p < 0.005, ** at p <0.001 and *** at p < 0.0001.
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Figure 10. Effect of Urolithin-C on DFC induced oxidative stress in rat’s serum lipid profile: The
results presented are expressed as mean + SEM (n = 3). Significance* at p < 0.005, ** at p < 0.001 and
*** at p <0.0001.

2.7. Urolithin-C normalizes the Liver, Kidney, Heart and Pancreas Morphology:

In order to evaluate the protective role of Urolithin-C on DFC induced tissue damage,
microscopic examination of liver, kidney, heart and pancreas was done. DFC injected rat’s liver
section revealed extensive damage of hepatocytes [Figure 11A1]. Saline injected liver tissue showed
normal histology [Figure 11A2]. Whereas, Silymarin (SYL) a positive control drug preincubated with
DEC treated rat’s liver section showed normal histology compared to the saline injected groups
(Figure 11A3). While, Urolithin-C alone treated rat’s liver tissue section exhibited normal histology
compared to the saline received rat’s liver section [Figure 11A4). Interestingly, Urolithin-C
preincubated with DFC treated rat’s liver section there was a restoration of damaged hepatocytes
were noticed [ Figure 11A5 and A6]. Similarly, DFC treated kidney, heart and pancreas there was a
massive destruction of nephrons, cardiocytes and pancreatic cells were noticed respectively
compared to the saline injected rat’s tissue sections (Figure 11B1, 12A1 & 12B1]. However, Urolithin-
C preincubated with DFC treated rat’s kidney, heart and pancreas, there was a dose dependent
restoration of damaged tissues were noticed as compared to the control and SYL received rat’s tissues
sections [Figure 11B5-B6, 12A5-A6 & 12B5-B6]. Interestingly, Urolithin-C received rat’s kidney,
heart and pancreas tissue sections revealed normal histology compared to the saline and SYL injected
groups tissue sections [Figure 11B2-B3, 12A2-A3 & 12B2-B3].
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Figure 11. Effect of Urolithin-C on DFC induced histopathology of (A) liver and (B) kidney: (A1 and
B1) DFC administered (50 mg/kg) group; showed liver hepatocellular degeneration and the kidneys'
tubular degeneration, (A2 and B2) showed normal tissue morphology similar to the SYL treated
positive control group (A3 and B3). (A4 and B4) Urolithin-C alone injected (100mg/kg) group
showed normal tissue morphology; (A5 and B5) Urolithin-C (50 mg/kg) + DFC group) group showed
almost normal architecture; (A6 and B6) Urolithin-C (150 mg/kg) + DFC group showed successfully
restored their structural integrity.

Figure 12. Effect of Urolithin-C on DFC induced histopathology of (A) heart and (B) pancreas: (Al
and B1) DFC administered (50 mg/kg) group; showed heart cell necrosis, and the pancreas' cellular
degradation. (A2 and B2) showed normal tissue morphology similar to the SYL-treated positive
control group (A3 and B3). (A4 and B4) Urolithin-C- alone injected (100mg/kg) group showed
normal tissue morphology (A5 and B5) Urolithin-C (50 mg/kg) + DFC group) showed almost normal
architecture; (A6 and B6) Urolithin-C (150 mg/kg) + DFC group showed successfully restored their
structural integrity.

3. Discussion

Although, smoking, physical inactivity, unhealthy diet and alcohol are considered as the key
risk factors of lifestyle diseases such as hypertension, diabetes, heart failure, stroke, cancer and
neurodegenerative complications. Perhaps, high levels of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) are the key modifiable agents that ini-tiate inflammation and tissue damage
and make a way for the augmentation of said pathogenesis [25, 26]. Eventhough several drugs have
been entering into the market every day, their life threatening side effects limits their usage. For
instance, diarylhep-tanoids and isocoumarins causes hormonal disturbances and reversible liver
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damage respectively [27]. While, synthetic antioxidants such as, tertiary butylhydroquinone,
butylated hydroxyanisole, butylated hydroxytoluene and propyl gallate cause hemorrhage, liver
damage, balder and stomach cancer [28]. Thus, identifying new antioxidant agent without side effect
is of challenging task to the researchers. Most importantly, Oxidative stress modulators may directly
reduce oxidative damage by scavenging free radicals, yet these in-vitro effects frequently have no
clinical significance, it is crucial to understand how synthetic molecules function in-vivo. Hence, the
current study aims to synthesis Urolithin-C a microbial gut metabolite and effort was made to
understand its protective role on oxidative stress induced RBCs and vital organs damage. The
synthesised Uro-lithin-C was characterized using techniques such as, Thin Layer Chromatography
(TLC), High Performance Liquid Chromatography (HPLC), Nuclear Magnetic Resonance (NMR) and
Liquid Chromatography-Mass Spectrometry (LCMS). Urolithin-C was found to be pure as it showed
single band in TLC and single peak in HPLC. 'H and *C NMR spectroscopy confirmed the chemical
shifts of carbon and hydrogen in parts per million. LCMS results suggested that the molecular mass
of the Urolitihin-C was found to be 244.53 m/z.

The compounds to be antioxidant they have the ability to donate an electron to the free radicals
and transform them to be harmless to cellular biomolecules such as, lipids, proteins enzymes,
carbohydrates and DNA [29]. They are either exogenous or endogenous but they can be capable of
preventing the oxidation induced cellular changes followed by its damage [30]. Although, copious
amounts of natural nutraceuticals, synthesised compounds and nanoparticles are marketed with a
lot of claims and doctors often prescribed [31]. Most of them have not accomplished the required
therapeutic utilities. Interestingly, Urolithin-C exhibited strong antioxidant activity by scavenging
DPPH, H20: and reducing ferric to ferrous. The observed antioxidant potential of Urolithin-C was
evaluated using sodium nitrite induced oxidative stress in RBCs. The circulating red blood cells
(RBCs) have an average lifespan of 120 days. When they exposed to endoge-nous and exogenous
oxidants undergo hemolysis elicits their suicidal death or eryptosis [32]. Eryptosis leads to loss of
membrane integrity, release of hemoglobin and other proteins from RBCs [33]. Accumulation of free
hemoglobin in cell and RBC derived ROS may further results in tissue damage, chronic anemeia,
thrombosis and heart attack [34]. Elevated levels of LPO signify the alteration of lipid membranes,
while high levels of PCC and TT suggests oxidation of proteins. The detoxification of ROS depends
on catalase and SOD, if their level diminished in the cell an ROS accumulation eventually increased
which marks the oxidative stress [35]. Urolithin-C through its free radical scavenging property
normalized the high level of total thiol (TT) protein carbonyl content (PCC), lipid peroxidation (LPO)
and antioxidant enzymes including catalase and superoxide dismutase (SOD) in sodium nitrite
induced oxidative stress in RBC suggesting its RBC protecting role. In our study we also noticed that
Urolithin-C did not cause hemolysis further strengthen its anti-eryptotic property without toxicity.

To substantiate observed in-vitro antioxidant and RBCs protective role of Urolithin-C, we have
done in-vivo experiments using Sprague Dawley rats. The rationale for choosing rats over mice was
that, Mice could be more sensitive for inducing oxidative stress, that may end in high variability of
result. While, Rats are good model system as they are stable to obtain consistent data as for as
oxidative stress is concerned. Interestingly, Urolithin-C normalized the altered level of LPO, PCC.
TT, SOD and Cat in tissue homogenates of vital organs (liver, kidney, heart and pancreas) obtained
from DFC induced rats. Most importantly, the protective role of Urolithin-C was also assessed using
various biochemical markers. DFC toxicity caused a decrease in total blood proteins (albumin and
globulin), while, increase in direct/indirect bilirubin, uric acid, urea and creatinine. In addition,
elevated levels of hepatic enzymes like SGOT and SGPT in the blood stream suggested liver injury.
The ALP enzyme, which is involved in metabolite transport across the cell membrane, was also
increased, indicating liver dysfunction. Troponin, and creatinine kinase, increased in the heart that
supports the severe heart damage. Surprisingly, Urolithin-C normalized the entire said biochemical
serum markers linked to liver, kidney, heart and pancreas strengthened its tissue protecting role.

ROS/RNS induced inflammation is the key pathological event responsible for the progression of
endothelial dysfunction and tissue injury [36]. Oxidative stress induced chronic damage of liver,
kidney, pancreas and heart leads to numerous diseases including metabolic disorders, jaundice,
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hypertension, diabetes, cancer and heart attack [37]. It is to noted that, synthesized Urolithin-C
successfully restored the structural integrity of DFC induced oxidative damage of liver, kidney, heart,
and pancreas. Although, at this moment to predict the exact mechanism of action of Urolithin-C on
mitigating oxi-dative stress induced tissue damage is premature. Perhaps, Urolithin-C exhibited anti-
inflammatory activity (data not shown), thus, at this moment it is to speculate that the Urolithin-C
through its anti-inflammatory and ROS scavenging potential normalized damaged tissues. In
addition, considering its molecular structure dibenzopyron ring (3,89 trihdroxy-6H-
dibenzo[b,d]pyran-6-one) with 3,8,9 hydroxyl group may have ability to donate both electron and
proton (hydrogen atom) to numerous oxidants in particular cellular ROS/RNS. Most importantly
Urolithin-C is even though it was chemically synthesized it was non-toxic in nature as it did not
damage RBCs and vital organs. Thus, owing to the observed pharmacological properties of Urolithin-
C, it could be a better candidate for the management of oxidative stress induced pathogenesis.

4. Materials and Methods
4.1. Chemicals and reagents:

2-formyl  phenyl boronic acid, 2-bromo-l-iodo-4- methoxybenzene, methanol,
PdClLz(PPhs)[dichlorobis (triphenylphosphine) palladium(Il)], THF (Tetrahydrofuran), K2COs
(Potassium Carbonate), EtOAc (Ethyl acetate), BBrs (Boron tribromide), HCI (Hydrochloric acid),
Methanol, DPPH (1,1-diphenyl-2-picrylhydrazyl), NaNO: (Sodium Nitrate)) EDTA (Ethylene
diamine tetra acetic acid), TEMED (Tetra methyl ethylene diamine), DNPH (2,4-dinitro phenyl
hydrazine), TCA(Tri-chloro acetic acid), DTNB (5,5'-dithiobis-2-nitrobenzoic acid), SDS (Sodium
dodecyl sulphate), Acetic acid, Thiobarbituric acid, H2O: (Hydrogen peroxide), DNS (3,5 dinitro
salicylic acid), NaOH (Sodium hydroxide), Sodium potassium tartrate, Starch, PBS (Phosphate buffer
saline), DFC. Potassium iodide, Potassium chloride, 20 mM Tris-HCI, NaCl and TFA (trifluoroacetic
acid)

4.2. Synthesis of Urolithin-C:
4.2.1. Synthesis of Urolthin C was carried out by Suzuki-Miyaura coupling method [38, 39]

Step 1: Preparation of biarylcarboxy aldehyde:

In a reaction vessel, mixed 2-formylphenylboronic acid (1.0 equivalent), 2-bromo-1-iodo-4-
methoxybenzene (2.0 equivalents), and 5 mol % Bis-triphenylphosphine palladium (II) dichloride
(PdCI2(PPhs)2) in 5 ml of tetrahydrofuran (THF). Stirred this mixture under an inert atmosphere at
room temperature. Gradually, introduced a solution of 2 N K2COs (Potassium carbonate) 25 ml into
the reaction via a syringe that caused the mixture to turn into a brown red solution. Continued stirring
the reaction mixture at room temperature overnight, monitoring the progress using thin layer
chromatography (TLC). Quenched the reaction with water and extracted the mixture with ethyl
acetate (EtOAc). Purified the crude product using preparative thin layer chromatography with a
solvent system of EtOAc/hexane.

Step 2: Preparation of biaryl ester

To the solution of 2’-bromo-4-methoxy-(1,1’-biphenyl)-2-carbaldehyde (1.0 equiva-lent), added
5 ml of pyridine in 15 ml of water, to this mixture added KMnO: (2.0 equivalent) at ambient
atmosphere and refluxed the reaction mixture until the starting material was completely osxidised.
Then cooled the reaction mixture to room temperature, acidified with 2 N HCI to obtain white
precipitate and recrystallised the white solid with ethyl acetate (EtOAc)/Hexane (1:4) ratio to obtain
biaryl carboxylic acid. The product was dissolved in 25 ml of dichloromethane (CH2Cl2) in a round
bottom flask. To this precooled solution of carboxylic acid and 3 drops of dimethylformamide (DMF)
was added dropwise oxalyl chloride (COCI)2 slowly. The reaction was stirred 0 °C for 2 hours, and
concentrated under reduced pressure to obtain a yellow residue. The residue was esterified with 25
ml of methanol at room temperature. The reaction was quenched with water and extracted with ethyl
acetate (EtOAc). The organic layer was removed by washing with brine, dried with anhydrous
sodium sulfate (Na250Os4) and concentrated under reduced pressure to obtain the residue.

Step 3: Preparation of Urolithin-C:
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Prepared a cooled solution of methyl ether of Urolithin-C (1.0 equivalent) at 0 °C under an
aromatic atmosphere and was slowly added boron tribromide (BBrs) to the reaction mixture. Once
the reaction was completed, acidified the mixture by adding a solution of 2 N HCIl. Extracted the
product with ethyl acetate (EtOAc) and purified the crude product by repeatedly washing it with
water, methanol, and hot ethyl acetate. Filtered the final product and confirmed its purity using
various techniques.

4.2.2. Thin layer chromatography (TLC):

The synthesised compound was mixed with 10 % methanol with DCM (Dichloro methane), by
adding 1 drop of acetic acid, this mixture was spotted on silica-plated alu-minum sheets and the
chromatogram was developed by using 1: 20 % ethyl acetate and n-hexane as a mobile phase. The
developed chromatogram was detected by placing it in an iodine chamber to visualize the spot [40].
The first reaction intermediated was spotted with a retardation factor (RF) value 0.3 cm. The final
product with acidification and bromination along with 2N HCI was spotted with an RF value 0.2
cm.

4.2.3. High Performance Liquid Chromatography (HPLC):

The synthesized Urolithin-C (20 pl) was subjected to HPLC using (Agilent Tech-nologies system
in Santa Clara, CA) C-18 column with dimensions of 250X4.6 mm. The flow rate was maintained at 1
ml/min. Gradient elution was performed using 0.1 % tri-fluoroacetic acid (TFA), water and
acetonitrile [41].

4.2.4. Nuclear Magnetic Resonance Spectroscopy (NMR):

1H NMR: 'H NMR was used to identified and confirmed the structure of organic compounds
containing protons. The synthesized Urolithin-C was dissolved in dimethyl sulfoxide (DMSO) and
subjected to an NMR spectrometer operating at a proton frequency of 400 MHz. 3C NMR: *C NMR
was used to elucidate the structure of molecules, provided spectra with peaks represented the diverse
carbon atom environments within a molecule. As like '"H NMR, the sample was dissolved in DMSO
and analyzed using an NMR spectrometer operated at a proton frequency of 400 MHz. NMR spectra
was recorded using a Briiker 400 MHz instrument (Bruker, Bremen, Germany) [42].

4.2.5. Fourier Transform Infrared Spectroscopy (FTIR):

The FTIR analytical technique was used for the identification of active bio functional groups
presented in the synthesized Urolithin-C. The FTIR spectra was determined at the range of wave
number from 600—4000 cm-1 in a Shimadzu FTIR-8400 spectrometer [43].

4.2.6. Liquid Chromatography Mass Spectrometry (LCMS):

LCMS was used for the identification and quantification of analytes present in the synthesized
Urolithin-C. The Mass data were acquired using Waters' Micro Mass Quattro Micro API (LCMS). The
chromatographic separation was utilized a WATERS X Bridge C-18 column with dimensions of 50 X
4.6 mm and a particle size of 3.5 p. The flow rate was maintained at 1.2 ml/min. Gradient elution was
performed using a solvent system consisting of 0.1 % formic acid, water and acetonitrile [43].

4.3. Antioxidant Activity:
4.3.1. DPPH method:

A previously described method by Okoh, S. et al., 2014 [44] was followed in order to evaluate
the synthesized Urolithin-C' antioxidant capacity using the DPPH (2,2-diphenyl-1-picrylhydrazyl)
test. Mixing thoroughly, 2.5 ml of 50 % methanol was added to Urolithin-C samples ranging from 0
to 25 pg. The mixture was next exposed to 30 minutes of dark incubation after 140 ul of 0.14 mM
DPPH reagent was added. A reference with 50 % methanol was used to compare the optical density
at 517 nm. Antioxidant activity of the Urolithin-C was calculated by using the following formula:

% scavenging = A0 — A1/ A0 x 100


https://doi.org/10.20944/preprints202410.1948.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 October 2024 d0i:10.20944/preprints202410.1948.v1

15

where A0 was the absorbance of the control solution and Al was the absorbance of the reaction
mixture.

4.3.2. Hydrogen peroxide (H202) scavenging assay:

Urolithin-C was tested for antioxidant activity using the H:0: technique by following the
method of Sahoo, S. et al., [45]. About 0.1 ml of sample were mixed with 3.4 ml of 0.1 M phosphate
buffer and 0.6 ml of 40 mM H:Oz. This mixture was incubated for 10 minutes at room temperature.
After incubation, the absorbance at 230 nm was measured and compared with a blank solution and
the proportion of H2O: that was scavenged was calculated using the above equation.

4.3.3. Ferric reducing antioxidant power (FRAP):

The Yen and Chen technique [46] was used to examine the FRAP activity of synthesized
Urolithin-C. A mixture of 2.5 ml of phosphate buffer (200 mM, pH 6.6) and 2.5 ml of 1 % potassium
ferricyanide was combined with different amounts of Urolithin-C, ranging from 0 to 25 ug. Following
a 20 minute incubation period at 50 °C, the mixture was quickly chilled. The mixture was then
centrifuged for 10 minutes at 3000 rpm after 2.5 ml of 10 % trichloroacetic acid (TCA) was added. It
was blended with the same volume of distilled water after the top layer was removed. After adding
1 ml of 1 % ferric chloride (FeCl3) to the solution, the absorbance at 700 nm was determined.
percentage of FRAP was calculated using the following formula:

% scavenging = A0 — A1/ A0 x 100

where A0 was the absorbance of the control solution and Al was the absorbance of the reaction
mixture.

4.4. Preparation of (2 %) hematocrit:

Blood samples were collected from healthy people (between the ages of 20 - 25) who did not
smoke, drink, or use drugs. The three ingredients of the acid citrate dextrose (ACD) anticoagulant
were citric acid (71 mM), sodium citrate (85 mM), and dextrose, freshly obtained blood was mixed
with an ACD mixture and centrifuged for 13 minutes at 800 rpm at 37 °C. Following three rounds of
washing RBCs at pH 7.4 with 10 mM PBS, washed RBCs were utilised to create hematocrit (2 %) for
use in further studies.

4.4.1. Oxidative stress induced by NaNO::

The method of Manjula. et al., [47] was followed. After treating 1 ml of freshly syn-thesized
hematocrit (2 %), with 20 pl of NaNO, different concentrations of Urolithin-C (0-25 pg) was added.
After that, the mixture was incubated at room temperature for 30 minutes. Following the incubation
time, the reaction mixture was extracted from the pertinent tubes at a concentration of 2 mg/ml. RBC
alone with NaNO: served as a positive control, whereas RBC alone without NaNO: served as a
negative control.

4.4.2. Determination of Lipid Peroxidation (LPO):

The LPO was evaluated using the procedure of Ohkawa et al., [48]. About 2 mg of protein from
2 % hematocrit derived from RBC lysate was treated with NaNO: and var-ious concentrations of
Urolithin-C (0-25 pg) were mixed with 1.5 ml of acetic acid (pH 3.5), 0.2 ml of 8 % SDS, and 1.5 ml of
TBA (0.8 %). The mixture was incubated for 45 minutes at 45 to 60 °C. After that, 3 ml of 1-butanol
was added, and the resulting TBARS (TBA reactive substance) mixture was centrifuged for 15
minutes at 5000 rpm. The samples' intensity was measured photometrically at 532 nm.

4.4.3. Determination of Protein carbonyl content (PCC):

The PCC content of the samples was measured using DNPH according to Method of Lenz, A. et
al., [49]. About 1.0 ml of RBC lysate (2 mg protein/ml) was treated with 10 mM NaNO: and various
concentrations of Urolithin-C (0-25 pg). Then to this mixture 5 pl of 10 mM DNPH in 2N HCl was
added and shaken thrice before being incubated for 1 hour and HCI (2N) was used as a control. After
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the reaction mixtures were incubated, they were precipitated with 20 % TCA, centrifuged for 15
minutes at 5000 rpm, and the resulting precipitates were thoroughly cleaned with acetone. They were
then resolubilized in 1.0 ml of 20 mM Tris buffer (pH 7.4), to which 2 % SDS and 0.14 M NaCl were
added. Samples that had been solubilized were centrifuged for 15 minutes at 360 rpm.

4.4.4. Estimation of total thiol content:

The procedure outlined in Zinellu, A. et al., [50] was used to assess the total thiol content. About
1.0 ml of RBC lysate (2 mg protein/ml) was mixed with 10 mM NaNO: and various doses of Urolithin-
C (0-25 pg). After adding 10 mM dithiol-bis-nitro benzoic acid (DTNB) and 1.975 ml of methanol,
0.375 ml of 0.2 M Tris-HCl buffer (pH 8.2) the mixture was vortexed and incubated for 30 minutes.
The tubes were centrifuged at 5000 rpm for 10 minutes. The samples' clear supernatant was collected,
and their photometric absorbance at 412 nm was recorded. The thiol concentration was expressed as
nmol of oxidized DTNB per milligram of protein.

4.4.5. Determination of activities of superoxide dismutase (SOD) and catalase (CAT):

The SOD enzyme activity was measured according to the method of Sundaram et al., [51]. In
brief, 2 mg of protein from 2 % hematocrit derived from RBC lysate was treated with NaNO: and
various concentration of Urolithin-C (0-25 pg) was mixed with 1.0 ml phosphate buffer (16 mmol/L,
pH 7.8) and TEMED-EDTA (8 mmol/l / 0.08 mmol/l). The absorbance was measured at 406 nm. The
findings were presented as U/mg of protein. Similarly, the CAT enzyme activity was measured using
Shangari's technique [52]. About 2 mg of protein obtained from 2 % hematocrit derived from RBC
lysate was treated with NaNO: and various concentration of Urolithin-C (0-25 ug). 1 ml of the reaction
mixture was taken in 100 mM sodium phosphate buffer pH 7.4 and 8.8 mM H:0z. The activity was
measured as H202 decomposed/min/mg protein by measuring the reduction in absorbance at 240 nm
for 3 minutes.

4.5. Animal grouping:

The rats were housed in cages made of polypropylene, each holding six rats. The rats used for
experiments were six to eight weeks old and weighed between 75 and 100 g. The standard
laboratory meal was supplied to the experimental animals, and they were allowed unlimited access
to water. Each cage had programmed light and dark cycles of 12 hours each, and a temperature of 25
+ 37 °C with a humidity of 55-65 %. The experiment procedure and study design were approved by
the Institutional Animal Ethics Committee under reference CBPL-IAEC-027-01/2023. The male
Sprague Dawley rats weighing between 75 and 100 g were divided into seven groups, with six rats
in each group. The following methodology was adhered to:

Group I -Control (normal saline).

Group II -DFC alone.

Group III-Silymarin (25 mg/kg body weight/day) was injected intraperitoneally, and after 45
minutes of DFC (50 mg/kg body weight/day) was administered.

Group IV- Urolithin-C (50 mg/kg body weight/day) was injected intraperitoneally, and

after 45 minutes of DFC (50 mg/kg body weight/day) was administered.

Group V- Urolithin-C (100 mg/kg body weight/day) was injected intraperitoneally, and

after 45 minutes of DFC (50 mg/kg body weight/day) was administered.

Group VI- Urolithin-C (150 mg/kg body weight/day) was injected intraperitoneally, and

after 45 minutes of DFC (50 mg/kg body weight/day) was administered.

Group VII- Urolithin-C (150 mg/kg body weight/day) alone administered.

The rats were given medication for seven days, and after the last dose, they had to starve for 12
hours. On the seventh day, the animals were euthanized with diethyl ether and a cardiac puncture
was made to obtain blood samples. Blood samples (2 ml) were taken from the aorta for biochemical
parameter measurement using sterile voiles free of anticoagulant. The biochemical markers, which
included ALP, SGOT, SGPT, albumin, globulin, total protein, total bilirubin (direct and indirect
levels), and alkaline phosphatase, troponin-I, urea, uric acid, creatinine, triglycerides and cholesterol
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profile were analysed. The liver, kidney, pancreas and heart of the experimental animals were
removed and preserved in phosphate buffer saline solution before homogenizing them for
biochemical examination. The organs were also preserved in 10 % formalin to aid in the histological
evaluation.

4.5.1. Histopathological Examination:

Each groups of tissues (liver, kidney, heart and pancreas) obtained from the ex-perimental rats
were processed and paraffin embedded for histological examination. Hematoxylin and eosin stains
were used to stain sections with thicknesses ranging from 3 to 5 pm.

4.6. Statistical Analysis:

The results were statistically evaluated and provided as mean + SD. Individual pa-rameters were
compared using one-way ANOVA in Graph Pad Prism 5.0 (Graph Pad Software, Inc., San Diego, CA,
USA). The p-value (p < 0.05) was fair to consider as significant.

5. Conclusions

In the current study, Urolithin-C was effectively synthesized, characterized and showcasing its
significant antioxidant qualities on oxidative stress induced cellular/tissue damage. Urolithin-C
effectively normalized oxidative stress markers such as LPO, TT, PCC, SOD and CAT in sodium
nitrate induced oxidative stress in RBC . In addition, similar result was noticed in case of DFC induced
rat’s vital organs (liver, kidney, heart and pancreas ) homoginates. Urolihtin C was also normalized
tissue specific biochemical markers of serum obatained from DFC injected rats. Moost importantly,
DFC was ap-peared to be non-toxic and restored the morphology of damaged hepatocytes, nephrons,
cardiocytes and pancreatic cells. It is to speculate that the mitigating efficiency of Uro-lithin-C on
oxidative stress induced cellular/tissue damage could be due to its multiple hydroxyl groups
responsible for donating electron/proton to the oxidants.
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