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Quercetin Ameliorated Diabetic Stress through Upregulation of 
Antioxidant Enzymes and the Nrf-2/HO-1 Axis in the Spleen of Mice
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Introduction
One of the major metabolic disorders faced by people 
worldwide is diabetes mellitus, with an increasing case 
in developing and newly industrialized countries.[1] The 
continuous presence of high blood glucose levels is a 
characteristic feature of this multi-factorial chronic health 
disease, i.e., diabetes mellitus or diabetes. It could result in a 
deficiency in insulin biosynthesis or resistance to insulin.[2] 
Diabetes mellitus (Type 1 & 2) are the two major kinds 
of diabetes mellitus; gestational diabetes is another type 
noted in pregnant women. In type 1, β cells of the pancreas 
are affected because of autoimmune destructions of 
these cells and type 2 arises from resistance of body cells 
against insulin produced by the β cells. Consequently, lack 
of insulin occurs in type-1 and an impairment in glucose 
uptake from blood occurs in type-2 diabetes mellitus.[3] 

Article history:
Received: 23 September, 2024
Revised: 03 November, 2024
Accepted: 09 November, 2024
Published: 30 November, 2024
Keywords: 
Diabetes mellitus, Spleen, 
Peritoneal macrophage, 
Quercetin, Oxidative stress, 
Nrf-2/HO-1 Axis.
DOI:
10.25004/IJPSDR.2024.160611

Diabetes is an enduring endocrine complication, increasing with tremendous challenges all over the 
world. Quercetin, being the predominant flavonoid, has pentahydroxy polyphenolic structure that bears 
antioxidant activity. Our study assessed the efficacy of quercetin in mice against diabetes-caused oxidative 
stress by modifying the radical quencher, the body’s antioxidants and their regulator-Nrf-2 and HO-1. 
Hyperglycemia attributes (p <0.01) raised levels of lipid peroxidation, lowered levels of catalase, GSH, 
SOD, higher intracellular ROS generation and suppressed Nrf-2/HO-1 reactivity in the studied organ 
(spleen). Quercetin minimizes the sugar level significantly (p <0.01) in blood, causes restoration of altered 
spleen and body weight, also brings down the lipid peroxide level significantly (p <0.01) and further 
enhances SOD, catalase, and GSH antioxidant levels. Both splenic & peritoneal macrophages revealed 
lower intracellular ROS generation. Quercetin uplifted the reactivity of Nrf-2 & HO-1. The study’s outcome 
showed that quercetin supplementation attenuated diabetes-caused oxidative stress through upregulation 
of antioxidant enzyme activity and Nrf-2 and its regulated gene-HO-1 in immune organ-spleen. Thus, 
quercetin might be fruitful in reducing ROS-mediated damage in diabetic individuals.
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A B S T R A C TA R T I C L E  I N F O

Streptozotocin is isolated from Streptomyces achromogenes 
which is a soil bacterium, possessing anti-tumor, oncogenic, 
and diabetogenic properties.[4] A wide implementation has 
been documented to generate diabetes mellitus (type-1) 
by streptozotocin in laboratory animals. Streptozotocin 
imposes its diabetogenic property by causing β cell death 
of the pancreas, leading to deprivation of secretion of 
insulin and this deficiency further causes hyperglycemia, 
polydipsia, and polyurea; all these characteristics mimic 
the traits of type 1 diabetes mellitus.[5] 
The emergence and progression of diabetic complications 
list oxidative stress as a major factor.[6] Escalation of 
superoxides and peroxides is categorized as reactive 
oxygen species (ROS) when it overpasses the antioxidant 
system that neutralizes ROS, resulting in oxidative 
stress. The ROS are oxygen containing reactive molecules 
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that react with other molecules of the cells to stabilize 
themselves. Persistent hyperglycemic conditions and 
mitochondrial dysfunction due to diabetes cause excess 
production of ROS, thus resulting in oxidative stress.[7] 

Regarding ROS, the most explored research area has 
turned out to be lipid peroxidation, an essential indicator 
of oxidative stress.[8] The most important first-line 
antioxidant defense comprises superoxide dismutase 
(SOD), catalase, glutathione peroxidase (GPX), and 
glutathione (GSH).[9]

Hyperglycemia causes dysfunction of the immune 
system and thus fails in the prevention of invading 
pathogen’s propagation in hyperglycemic individuals.[10] 
The immune system shields individuals from harmful, 
invading pathogens. Impairment in the immune system 
due to diabetes includes increased production of 
proinflammatory cytokines, dysfunction of immune cells, 
and fault in phagocytosis.[11] The spleen, a lymphatic organ 
of the body performs a number of immunological tasks as 
it contains numerous lymphocytes and macrophages along 
with its role in red blood cell formation and clearance.[12] 
Histoarchitecturally, red pulp and white pulp are the main 
regions of the spleen. Among the two marginal zones is 
present in rodents, distinguishing it from the perifollicular 
zone present in humans.[13] When the spleen is injured, 
the body’s immunity goes down automatically,[14] and 
ROS generation in the spleen is one of the utmost factors 
of splenic injury.[15] The pathophysiology of tissue 
macrophages is studied using peritoneal macrophages.[16] 
Collecting peritoneal fluid is a well-established method for 
isolating macrophages from rodents in the laboratory.[17] 
Over the past several years, flavonoids have gained much 
attention in treating various diseases because of their non-
toxic, free radical quenching and inflammation reduction 
role.[18] Dietary polyphenols manage diabetes in several 
ways, diminishing the absorption of carbohydrates by the 
intestine and enhancing insulin secretion and sensitivity.[19] 
Quercetin (QE) is a naturally occurring polyphenol 
belonging to the class of flavonoids. Leaves, seeds, grains, 
flowers, and barks of numerous plants as well as many 
fruits and vegetables, are rich sources of quercetin, 
among which onions contain an enormous amount of 
quercetin.[20] Reported previously, quercetin prevents 
hyperglycemia in diabetic rats by lowering blood sugar 
levels and improvement of glucose tolerance.[21] Quercetin 
scavenges free radicals by inhibiting lipid peroxidation, 
increases immune functions, and prevents proneness 
to illness.[22] The report suggested that quercetin 
supplementation minimized the oxidative stress in hepatic 
tissue in diabetic mice.[23] but there are limited reports 
that suggest the preventive effects of quercetin against 
the detrimental effects caused by diabetes on immune 
function in laboratory mice. Thereby, in this study, we have 
tried to examine the role played by quercetin in minimizing 
the stress generated on account of diabetes in the spleen 

and peritoneal macrophage of mice. By examining the 
antioxidant potential of quercetin, the current study 
will contribute to the therapeutic efficacy of natural 
antioxidants in promoting health benefits in human 
wellness/treating complications caused by metabolic 
disorders, i.e., diabetes mellitus. Further, the outcome of 
the study will add more dimension to the investigation 
of the pharmacological properties of quercetin for its 
potential clinical implications.

Materials And Methods
The study was performed following the institutional 
guideline on animal experiments with Ethical Clearance 
No. TU/IAEC/2022/I/2-7.This study was done in Swiss 
albino mice. Healthy mice were maintained with proper 
hygiene in laboratory conditions with 12 hours light and 
12 hours dark with temperature (25 ± 2°C) and humidity 
(55 ± 5%). For the experiment, healthy mice of 25 g body 
weight were chosen and they were provided timely with 
proper feed and water. 

Diabetes Induction
To induce experimental diabetes, streptozotocin (STZ; 
SRL, India) (50 mg/kg body wt.) was dissolved in a 
citrate buffer of 0.1M maintaining a pH of 4.5. STZ was 
given for 5 days continuously and during the treatment 
period, mice were provided with sucrose water (10%). 
After STZ treatment, blood glucose was determined on 
each alternate day through the tail vein, and mice whose 
blood glucose levels exceeded 250 mg/dL were regarded 
as diabetic.[11]

Experimental Set up
Mice were assigned in 4 groups. Each group contains 5 
mice.
1.	 CON: 	 Control mice
2.	 DB:	 Diabetic mice
3.	 DQ:	 Diabetic + Quercetin mice
4.	 Q:	 Quercetin mice
Group 1, control mice received ethanolic saline (0.01% 
ethanol) throughout the experimental period. Group 2 
contained diabetic mice. Group 3 diabetic mice received 
quercetin (Sigma-Aldrich, USA) (30 mg/kg body weight/
day, orally).[24] Group 4 control mice received quercetin 
only. Quercetin supplementation was made for 15 days. 
Mice were euthanized after the last day of quercetin 
treatment. Blood glucose level and body weight were noted. 
Peritoneal macrophages were collected for intracellular 
ROS analysis. The spleen was removed and weighed, and 
a piece of it was kept in fixative for immunohistochemical 
study. A part of the spleen was processed for NBT assay, 
and a part was kept to evaluate the oxidative stress 
markers, whereas for reverse transcriptase PCR, part of 
the spleen was minced in PureZol following the further 
steps of the protocol.
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Parameters Studied

Blood glucose determination
The sugar level in blood was measured through tail 
pricking of mice by Accu-check active blood glucose 
monitoring system.

Oxidative Stress Analysis

Splenic lipid peroxidation 
Malondialdehyde (MDA) assay was conducted using 
the methodology of Ohkawa et al. [25] In this assay, 
the measurement of the reaction between MDA and 
thiobarbituric acid (TBA) was done. Splenic homogenate 
(10%) was prepared in phosphate buffer for estimation of 
total protein. 3.3 mL of TBA reagent was added with 10% 
splenic homogenate and kept on boiling for 30 minutes, 
centrifuged, and collection of supernatant was done. 
Optical density measurement has been taken at 532 nm. 
MDA level was presented as TBARS (nmol) produced per 
milligram of proteins.

SOD enzyme activity
The assay was done in accordance with the methodology 
of Das et al. [26]. Tissue homogenate (100 μL) was added 
with SOD reaction mixture (1.4 mL). The mixture 
exposed to 20 W fluorescence after the addition of 50 mM 
riboflavin. Further, in the mixture, Griess reagent (1-mL) 
was mixed, followed by the measurement of optical 
density at 532 nm. The SOD amount, which inhibits 
50% of nitrites formed during the process, has been 
considered as a unit of SOD activity and was presented 
as a unit per milligram protein.

Catalase enzyme activity
Splenic tissue was analyzed for catalase activity by 
protocol of Sinha[27], and Hadwan.[28] A mixture containing 
hydrogen peroxide and potassium dichromate was mixed 
with 100 μL of splenic homogenate, followed by boiling 
and centrifugating the mixture. At the wavelength of 570 
nm, the supernatant’s optical density has been taken. 
Catalase enzyme activity measurement was determined 
as degradation of H2O2 per minute. Catalase activity was 
presented as kU/mg protein.

GSH level
The method of Ellman,[29] modified by Gupta et al.[30] was 
used. An equal proportion of 10% spleen homogenate was 
combined with 20% of trichloroacetic acid, followed by 
centrifugation. Ellman reagent, which is the key reagent of 
the procedure, was further mixed with tissue supernatant 
(200 μL), and reduced GSH concentration was further 
calculated as mg/g tissue.

Isolation of Splenic macrophage for NBT assay
The spleen was dissected out and kept in chilled PBS, 
and a single-cell suspension was prepared. The viability 

of the cell was assessed, and cell number was adjusted 
(1x107 cells/mL) in culture media RPMI-1640 contains  
500 μg/mL of streptomycin, 5000 U/mL of penicillin, 
2 mM/mL of L-glutamine, 10% of FCS and 2-mercaptoethanol 
(0.1%).

Isolation of Macrophages from Peritoneal Cavity
Following the euthanization, the belly region of the mice 
was disinfected with 70% alcohol. 5 mL of PBS (sterilized) 
was injected into the peritoneal cavity. The belly region 
was gently rubbed with a finger for a few minutes and 
a sterilized 15 mL centrifuge tube was used to collect 
approximately 5 mL of peritoneal fluid. PBS was used to 
wash the pellet of peritoneal macrophage and centrifuged 
twice. 10% fetal calf serum (FCS) having culture medium 
was used to suspend the pellet

Spectrophotometric ROS analysis
NBT Assay was performed as elucidated by Majewski 
et al.[31] 96-well culture plates were used for plating of 
peritoneal leukocytes and splenic cell suspension after 
incubating at 5% CO2 incubator for an hour. NBT (Nitroblue 
tetrazolium) was prepared in PBS, and 100 μL solution was 
added and kept for one hour in the incubator. 70% methanol 
was used to fix the cells after the medium was discarded. 
KOH and DMSO were added to dissolve formazan crystals, 
and optical density was taken at 630 nm. 

Microscopic analysis of cellular ROS
H2DCFDA (2,7-dichlorodihydrofluorescein diacetate) is a 
fluorescent probe that is used to analyze the microscopic 
generation of ROS. Clean cover glasses were placed 
on sterilized petri dishes and the isolated peritoneal 
leukocytes (106 cells/mL) were flooded on them and 
placed for one hour a 5% CO2 incubator. 40 mM solution of 
H2DCFDA was used to stain for 30 minutes. Cover glasses 
were placed on new slides and a fluorescence microscope 
(Leica 2500) was used to take fluorescent images at 
488 nm. Quantification of fluorescence intensity was done 
by ImageJ software.

Immunohistochemistry (Nrf-2, HO-1)
The procedure of Singh et al. [32] was followed for Nrf-2 and 
HO-1 immunohistochemistry in the spleen. Slides were 
coated with gelatine, and 5 µm thick sections of spleen 
tissue were mounted. Antibodies against Nrf-2, ab31162, 
and HO-1, ab31163, [1:100] were used for the detection 
of the above-mentioned proteins. HRP enzyme-catalyzed 
DAB+H2O2 reaction was employed for visualization of 
antigen-antibody interaction. Leica Microscope DM2500 
was used to capture the images at 40X objectives.

RNA Isolation, cDNA Synthesis and PCR
Spleen samples were homogenized with PureZol 
(Biorad, USA) for RNA extraction and iScript (Biorad, 
USA) k it  for cDNA s y nt hesis .  Spec i f ic  pr imer s 
of SOD (F 5’-GAGAGGCATGTTGGAGACCT-3’ and R 
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5’-CCACCTTTGCCCAAGTCATC-3’ give 158 bp amplicon), 
catalase (F 5’-CGCA ATCCTACACCATGTCG-3’ and R 
5’-TCCGCTCTCTGTCAAAGTGT-3’ give 219 bp amplicon) 
and GAPDH (F 5’-AACTTTGGCATTGTGGAAGG-3’and R 
5’-ACACATTGGGGGTAGGAACA-3’ give 132 bp amplicon). 
Amplicons were resolved with the help of agarose gel, 
and amplicon band intensity was analyzed using ImageJ 
software. The expressions were shown in terms of O.D 
relative to GAPDH.

Statistical Analysis
One-way ANOVA was conducted by the SPSS 17.0 (SPSS 
Corp., USA) program and for comparing the data, Tukey’s 
multiple range test was performed. Mean ± SEM was done 
to present the data. Differences are viewed as significant 
at p <0.05. For graph preparation, Microsoft Excel has 
been used.

RESULTS 

Blood Glucose Level
Sugar level in blood was expressed in %change of final 
glucose levels to initial glucose levels in all groups. The 
positive value denotes a percentage rise in the sugar level 
of blood, whereas the negative value denotes a percentage 
fall in blood sugar level. Diabetic mice showed highly 
increased blood glucose levels relative to control (p <0.01), 
and quercetin supplementation reduced the levels of blood 
glucose (Fig. 1A).

Effect of Quercetin on Body Weight 
The body weight was expressed in % change of final body 
weight to initial body weight in respective experimental 
groups. The negative value reflects a percentage reduction, 
and the positive value reflects a percentage rise in the 
weight of mice in the respective groups. Reduced body 
weight was noted in the mice having high blood sugar 
relative to the control mice group (p <0.01). Further 
supplementation with quercetin caused an increase in 
body weight significantly(p <0.01) relative to the DB 
group (Fig. 1B).

Effect of Quercetin on Relative Spleen Weight
(Organ weight/body weight) x100 was the formula for 
calculating the relative organ weight. A significant (p 
<0.01) decline in the relative organ weight has been 
seen in the DB group, whereas quercetin administration 
significantly altered the depletion that occurred in the 
relative organ weight of the spleen (Fig. 1C).

Lipid Peroxidation
Compared to the control, levels of MDA content were 
markedly higher in the spleen of the DB group (p < 0.01) 
(Fig 2A). A remarkable reduction of MDA level has been 
observed in the quercetin group (DQ).

SOD Enzyme Activity
Superoxide radicals are converted into H2O2 and O2 by the 
enzyme SOD. Highly reduced activity of the SOD enzyme 
was seen in the splenic tissue of the DB group relative to 
the CON group at a significance of p <0.01. (Fig. 2B). SOD 
activity was remarkedly increased (p <0.01) in the DQ 
group, relative to the DB group.

Catalase Enzyme Activity 
Hydrogen peroxide is broken down by catalase enzyme 
into water and oxygen. Catalase enzyme activity (kU/mg 
protein) was substantially lowered in the splenic tissue of 
the DB group relative to the CON group (Fig. 2C). Quercetin 
supplementation caused remarked (p < 0.01) increase in 
catalase activity relative to the DB group.

Effect of Quercetin on GSH Level
Diabetes caused remarked depletion in GSH levels in the 
spleen of the DB group (p <0.01) relative to the CON group 
(Fig. 2D). Quercetin elevates the GSH level significantly (p 
<0.01) in the DQ group relative to the DB group.

Effect of Quercetin on Reverse Transcriptase-PCR 
Analysis of SOD and Catalase
Reverse transcription PCR analysis was done to see the 
consequences of diabetes on gene expression. SOD and 
Catalase mRNA levels were notably decreased in diabetic 
mice (p <0.01) relative to CON mice (Fig. 3). Quercetin 
supplementation caused a notable increase in mRNA (p 
<0.01) levels of both SOD and catalase relative to DB mice 

Fig. 1: Histogram shows (A) blood glucose level (percentage change), 
(B) body weight (percentage change), and (C) relative spleen weight. 
Change in blood glucose and body weight calculated from the initial 
value to the final value and represented as the ratio with respect to 
the initial value as a percent change. Data are shown as Mean ± SEM 
(n = 5). Comparisons were made **( p <0.01) with control and a(p 

<0.01) with diabetes
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Fig. 2: Histogram shows the effect of quercetin on (A) MDA level, (B) 
SOD enzyme activity, (C) catalase enzyme activity and (D) GSH level 
in splenic tissue of mice. Values are represented as Mean ± SEM (n = 
5). Comparisons were made **( p <0.01) with control and a(p <0.01) 

with diabetes

Fig. 3: Reverse transcription PCR revealed the action of quercetin 
on SOD and catalase mRNA expression in spleen tissue mice. GAPDH 
was considered as the control expression (A). Histogram shows SOD 
(B) and catalase (C) % relative density value. Values are represented 
as Mean ± SEM, (n = 5). Comparisons were made **( p <0.01) with 

control and a(p <0.01) with diabetes

Fig. 4: Histogram shows the effect of quercetin on ROS level in (A) 
peritoneal macrophages and (B) splenic macrophages in experimental 
diabetic mice. Values are represented as Mean ± SEM (n = 5). 
Comparisons were made **( p <0.01) with control and a(p <0.01) 

with diabetes

Effect of Quercetin on Intracellular ROS Generation 
Intracellular ROS in peritoneal macrophage and Splenic 
macrophage was measured through the proportion of 
NBT converted by superoxide radicals to formazan crystal, 
which is water insoluble. ROS level in both peritoneal and 
splenic macrophages of DB mice group was much higher 
at the significance of p <0.01 relative to the CON group 
(Fig. 4). Quercetin supplementation markedly reduced the 

ROS level in peritoneal and splenic macrophages compared 
to diabetic mice.
A f luorescence probe, H2DCFDA, determined ROS 
generated in peritoneal leukocytes. In the DB group, 
intense f luorescence activity showed a high level of 
reactive oxygen species relative to the control group 
(Fig. 5). Quercetin curbed the cellular ROS and thus 
decreased fluorescent activity.

Effect of Quercetin on Nrf-2/HO-1 Reactivity 
Nuclear factor (Nrf-2) regulates antioxidant protein 
expressions, which protects against reactive species. 
Mild immunostaining of Nrf-2 antisera was examined 
in DB group, likened to spleen of a control group. The 
increased reactivity of Nrf-2 was found in the quercetin-
supplemented group (DQ) (Fig. 6).
HO-1 is a Nrf-2 regulated gene. HO-1 reactivity was noticed 
throughout the splenic tissue section in the control mice 
group. Weak immunoreactivity of HO-1 antisera was 
observed in DB group relative to control group. Quercetin-
supplemented mice showed higher reactivity of HO-1 
antisera in splenic tissue relative to DB group (Fig. 7).

Discussion
In diabetes mellitus (Type1), patients require lifelong 
insulin administration in patients. Insulin therapy and 
the other hypoglycemic drugs available in the market 
have several side effects, including allergic reactions, 
prone to various infections, and other complications of 
diabetes. Insulin therapy has a myriad of side effects that 
include hypoglycemia along with other complications 
like palpitation, dizziness, paralysis, and, in some cases, 
even coma. The lower-income group is deprived of insulin 
therapy due to its high cost. Several herbal remedies have 
been used for ages in treating diabetes and minimizing 
complications due to fewer side effects and being cost-
effective. Plant flavonoids have drawn more attention in 
scientific society due to their high abundance, structural 
diversity, low toxicity, and multiple pharmacological 
properties. Quercetin is the most abundantly found plant 
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Fig. 5: Micrographs showing the effect of quercetin treatment on 
H2DCFDA fluorescence in peritoneal macrophages in experimental 
diabetic mice. The histogram represents fluorescence intensity. Mean 
± SEM, (n = 5). (A) Control, (B) Diabetes, (C) Diabetes + Quercetin, 
and (D) Quercetin treated. Comparisons were made **(p <0.01) with 

control and a(p <0.01) with diabetes

Fig. 6: Micrographs displaying the Nrf-2 antisera reactivity in the 
spleen of experimental mice. Histogram represents the intensity 
of antisera reactions fluorescence in peritoneal macrophages in 
experimental diabetic mice. The histogram represents fluorescence 
intensity. Mean ± SEM, (n = 5). (A) Control, (B) Diabetes, (C) Diabetes 
+ Quercetin, and (D) Quercetin treated. Comparisons were made 

**(p <0.01) with control and a(p <0.01) with diabetes

flavonoid. In the present study, quercetin supplementation 
caused significant suppression in blood sugar levels. 
Quercetin minimizes the effects of diabetes and normalizes 
the change in tissue and body weight of hyperglycemic 
mice. Rahmani et al.[33] reported that quercetin treatment 
increases the body weight in diabetic mice. Organ weight 
analysis is considered the end point of any toxicological 
study, where the effect of a particular compound in the 
specific organ is studied.[34]  Sutradhar et al.[35] reported 
the restoration of spleen weight by supplementation of 
melatonin in diabetic Swiss albino mice.  
The complications in diabetes are induced by hyperglycemia 
due to an imbalance in ROS production, which causes 
cellular death resulting from oxidative stress. Thus, 
the complications of diabetes may be managed by the 
downregulation of these reactive species.[36] Lipids are 
the primary target of ROS, causing lipid peroxidation.[37] 
Our study revealed that significantly enhanced MDA 
levels were present in the studied tissue of hyperglycemic 
mice, whereas the treatment of quercetin significantly 
suppressed levels of MDA. Previously, it was reported 
that lipid peroxidation was lowered by quercetin in 

various tissues, including the liver, kidney and pancreas 
of diabetic laboratory mice.[38]  Antioxidant enzymes are 
responsible for neutralizing ROS in various components of 
cells and overcoming stressful conditions. In the current 
study, the activity of both the antioxidant enzyme (SOD 
and catalase) was seen to be lowered in the studied tissue 
during a hyperglycemic state. On the other way, quercetin 
treatment minimized diabetes-caused suppression and 
enhanced the SOD and catalase enzyme activities in 
experimental mice. Reverse-transcriptase PCR analysis of 
SOD and Catalase enzymes showed similar changes with 
a significant reduction in mRNA levels in diabetes mice, 
and quercetin-treated diabetes mice showed markedly 
increased SOD and catalase mRNA levels. Aside from 
enzymatic antioxidants that are present in the body, 
there is also an important non-enzymatic antioxidant 
called Reduced glutathione (GSH). We have noted reduced 
GSH levels in the spleen of studied hyperglycemic mice. 
Escalation of GSH level was noted in the quercetin-treated 
mice. Quercetin supplementation minimized the oxidative 
stress in hepatic tissue in diabetic mice.[23]
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A transcription factor (Nrf-2) mediated by antioxidant 
response element (ARE) transcribed in response to 
oxidative stress, activating detoxifying and antioxidant 
genes like HO-1, involved in maintaining cellular 
redox homeostasis. Diabetic induction caused reduced 
expression of Nrf-2 and its dependent HO-1 in splenic 
tissue. Quercetin supplementation upregulates Nrf-2 
and HO-1 axis in studied tissue. Downregulation of Nrf-2 
signaling inhibits antioxidant enzyme activations; hence 
the chance of occurrence of oxidative stress is higher.[39] 
ROS generation is common in diabetic mice in the splenic 
and peritoneal macrophages. In diabetic conditions, 
a glycolytic metabolic shift occurs in monocytes and 
macrophages, which results in increased ROS formation.[40] 
The intracellular ROS generation was measured through 
the proportion of NBT converted by superoxide radicals to 
formazan crystal, which is water-insoluble.[41] The present 
study showed that intracellular ROS generation was 
significantly higher in splenic and peritoneal macrophages. 
2’,7’-dichlorodihydrofluorescein diacetate (H2DCFDA) 
reacts to ROS, resulting in a fluorescent compound (2’,7’-
DCF), which produces a bright green fluorescence. Emitted 

fluorescence can be directly related to the amount of 
presence ROS, as both are directly proportional. The 
reaction of fluorescent dye, H2DCFDA, revealed higher ROS 
generation in diabetic groups. Quercetin supplementation 
lowered the ROS generation in both splenic and peritoneal 
macrophages. Polyphenols can modulate cellular 
mechanisms and thus protect glucose homeostasis.[42] 

Conclusion
Diabetes is the most prevalent chronic disease, causing 
death worldwide, and cases have been steadily increasing 
over the past few decades. Supplementation of natural 
compounds has always been an age-old technique 
for treating diabetes. In the present study, diabetic 
hyperglycemia caused increased MDA content and 
suppression of SOD, GSH, and catalase and altered 
macrophage activity in the studied mice. Quercetin 
minimized lipid peroxidation, restored the altered 
antioxidant enzymes, upregulated the Nrf-2 and HO-1 axis 
in the spleen, and reduced intracellular ROS generation 
in spleen and peritoneal macrophage, thus subsequently 
reducing the generated oxidative stress in hyperglycemic 
mice. The study hence concludes that quercetin prevents 
splenic damage and macrophage activity against diabetes 
toxicity by upregulating antioxidants enzymes, the Nrf-2/
HO-1 axis in studied laboratory mice. 
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