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ABSTRACT
Objectives: Excessive free radicals in the human body predispose cells within the various systems to an imbalance 
and accumulation of oxygen-reactive species, known as oxidative stress. The central nervous system is not spared 
when it comes to these cell and tissue damages. Oxidative stress on the central nervous system may be responsible 
for anxiety, spatial memory impairment, neuronal cell depletion, and vacuole-tissue degeneration resulting from 
neurotoxicity. The use of chemotherapeutic agents such as doxorubicin has been implicated in the build-up of 
this imbalance between oxygen-reactive species and antioxidants. Therefore, it has become an area of research 
interest to seek antioxidant supplements that may offer neuroprotective effects. This study is aimed to evaluate the 
protective potential of chrysin on the pre-frontal cortex of male Wistar rats with doxorubicin-induced cognitive 
impairment.

Material and Methods: Thirty-five adult Wistar rats (180–200 g) were grouped into seven (1–7; n = 5). Group 
1, the normal control, received normal saline treatment only throughout the study. Group 2 was administered 
with doxorubicin only for 21 days by intraperitoneal injection. Groups 3 and 4 were administered with chrysin 
in low and high doses for 21 days orally. Groups 5, 6 and 7 were exposed to doxorubicin and chrysin for 21 days 
intra-peritoneally and orally with low, medium and high doses, respectively.

Results: Anti-oxidative biomarkers analysed in Group 2 (doxorubicin-only) demonstrated a significant difference 
when compared to other groups. This corresponded to significant elevations in apoptotic indicators, inflammatory 
markers and histological lesions, which were indicative of cognitive impairment. 5, 7-dihydroxyflavone (chrysin) 
significantly mitigated and also reversed cognitive impairment caused by doxorubicin.

Conclusion: The data showed that chrysin protected against doxorubicin-induced cognitive impairment. This 
effect is probably made possible by suppressing oxidative stress, inflammation and apoptosis.
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INTRODUCTION
Cognitive impairment refers to difficulty in remembering, learning, concentrating or making 
decisions that affect everyday life.[1] It can also be defined as frequent episodes of confusion or 
memory loss during the past 12 months.[1] It ranges from mild to severe. Severe conditions can 
cause one to lose the ability to speak or write, as well as the ability to comprehend the significance 
of anything, endangering independence.[1]

The pre-frontal cortex is a part of the brain located at the front of the frontal lobe, which is required 
to perform several functions, including orchestration of thoughts and actions following internal 
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goals.[2] Organization, judgement, short-term memory, 
personality expression, behavioural and social control, and 
voice control are among the executive activities for which 
this brain area has been linked.[3, 4] Cognitive control is within 
the frontal cortex, impacting attention, impulse inhibition, 
prospective memory and cognitive flexibility.[4]

Doxorubicin (Adriamycin), is a cytotoxic anthracycline 
antibiotic typically used in combination with other 
chemotherapeutic agents in the management of numerous 
carcinomas, including breast cancer, Hodgkin’s and non-
Hodgkin’s lymphoma, leukaemia, bronchogenic carcinoma, 
gastric, thyroid and prostate carcinoma.[5]

5, 7-dihydroxyflavone (chrysin) belongs to a class of chemicals 
called flavonoids, which are polyphenolic secondary 
metabolites found in plants and, thus commonly consumed 
by humans.[6] Chrysin occurs naturally in various plants and 
substances, such as honey, passionflower (Passiflora caerulea), 
silver linden and bee propolis (glue). Chrysin has high 
commercial and biological importance due to its multiple 
biological activities such as anticancer,[6] anti-angiogenesis,[7] 
antidiabetic,[8–10] anti-aging[11] and anti-allergic effects.[12]

The anterior region of the frontal lobes on both hemispheres 
contains the pre-frontal cortex and plays a critical role in 
regulating stress and is,thus affected directly by stress itself.[4] 
Thus, the idea that an accumulation of reactive oxygen species 
(ROS) within the brain jeopardises the pre-frontal cortex’s 
biochemical integrity through oxidative stress is enormously 
probable.[13] Chrysin is a potential protective agent in this 
experiment because it has anti-inflammatory, anti-oxidative, 
and anticancer effects.

This present study was designed to determine whether 
a 21-day chrysin treatment (2 mg/kg daily) protects the 
tissues of the pre-frontal cortex from doxorubicin-induced 
cognitive impairment in Wistar rats, as well as to ascertain 
the neuroprotective role of chrysin on oxidative stress and 
inflammation biomarkers of the pre-frontal cortex.

MATERIAL AND METHODS
Experimental animals

We acquired 35 albino Wistar male rats, each weighing 
between 150 and 200 grams, from the University of Nigeria’s 
Enugu campus and housed them in adequately ventilated 
cages. Before experimental manipulation, they were allowed 
two weeks to acclimate. Additionally, the rats had unrestricted 
access to conventional livestock feed and clean water. Using 
an electronic weighing scale, the animals’ weights were noted 
before, during, and after the study. The procedures of this 
study were conducted according to the Animal Care and Use 
Standard Operating Procedures and Guidelines (SOPGs), and 

ethical approval was obtained from the Ethics and Research 
Committee of the Faculty of Basic Medical Sciences, Enugu 
State University of Science and Technology with ethical right 
permission number: ESUCOM/ FBMS/ETR/2022/013.

Drugs

The phytochemical, chrysin (5, 7-dihydroxyflavone) was 
purchased from Sigma-Aldrich Company, 3050 Spruce Street, 
St. Louis, USA, and doxorubicin was purchased from Alpha 
pharmaceutical store in Enugu metropolis, Nigeria.

Experimental design

Table 1: Tabular Representation of the Experimental Design

Groups Rats Treatment

1 Control 5 0.2 mL of normal saline orally for 21 days.
2 DOX only 5 2 mg/kg BW of doxorubicin given weekly 

for 21 days via Intra-peritoneal injection
3 CHR low 

dose only
5 50 mg/kg BW of chrysin given daily for 

21 days via oral route.
4 CHR high 

dose only
5 150 mg/kg BW of chrysin given daily for 

21 days via oral route.
5 DOX + 

CHR low 
dose

5 2 mg/kg BW of doxorubicin given weekly 
for 21 days via Intra-peritoneal injection 
with 50 mg/kg BW of chrysin given daily 
for 21 days via oral route.

6 DOX  + 
CHR 
medium 
dose

5 2 mg/kg BW of doxorubicin given weekly 
for 21 days via Intra-peritoneal injection 
with 100 mg/kg BW of chrysin given daily 
for 21 days via oral route.

7 DOX + 
CHR high 
dose

5 2 mg/kg BW of doxorubicin given weekly 
for 21 days via Intra-peritoneal injection 
with 150 mg/kg BW of chrysin given daily 
for 21 days via oral route.

DOX: Doxorubicin, CHR: Chrysin, BW: Body Weight

Behavioural assessment

Novel object recognition

The NOR test was performed 24 hours after the last dose 
of chrysin was administered. On the first day, habituation 
was conducted for 30 minutes. The following day, two 
identical objects were indicated in the familiarisation route 
at two different arena corners. After spending three minutes 
exploring the items in the arena, the animals were taken out 
and left for 15 minutes in their cage. Subsequently, the arena 
and its contents were sanitised using 20% ethanol before a 
novel object (NO), and one of the familiar objects (FOs) were 
introduced. The animals had three minutes to investigate 
the items in the choice trail.[14] The video tracking software 
of EthoVision® XT version 12 (Noldus, Wageningen, and 
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Netherlands) was used to capture the exploration time and 
mobility in both tests. During the habituation phase, the 
distance travelled, and the speed was monitored. The amount 
of time the rat spent pointing its nose at things that were 2 cm 
or less away was used to compute the exploration time.

Biochemical assays

Following the behavioural assessments, cervical dislocation 
was done under proper anaesthesia. The brains were taken 
out, divided into two halves, and left in 30% sucrose for 
three hours at 4°C. They were then frozen instantly in liquid 
nitrogen, embedded in an optimal cutting temperature 
(OCT) compound (Thermo Fisher Scientific, Karlsruhe, 
Germany), and kept at −80°C according to the methodology 
described by Spijker.[15] The homogenates were prepared in 
Tris-ethylenediaminetetraacetic acid (EDTA) (49.78 mM) 
buffer centrifuged for 40 min at 10.000 rpm at 4°C, and the 
supernatant was decanted and centrifuged at 45,000 rpm for 
30 minutes before use for the enzyme assays.[16]

Superoxide dismutase (SOD) activity

The assessment for superoxide dismutase (SOD) activity was 
conducted using Marklund & Marklund’s technique.[17] 2.8 
mL Tris-EDTA and 100 μL Pyrogallol (2 mM) and 50 μL 
tissue homogenate were taken in the cuvette and scanned for 
3 min at 420 nm wavelength. The quantity of the enzyme that 
reduces the rate of pyrogallol auto-oxidation by 50% is known 
as one unit of SOD activity, and it was measured in units/mg 
protein/min.

Catalase (CAT) activity

CAT activity in the concentration of H2O2 (S1) was assayed 
spectrophotometrically by the method proposed by Aebi[18] 
which states that ‘Catalase exerts a dual function that includes 
the decomposition of H2O2 to give H2O and O2. We monitored 
S1 at 240 nm. In the ultraviolet range, H2O2 showed a continual 
increase in absorption with decreasing wavelength. The 
decomposition of H2O2 was followed directly by the decrease 
in absorbance at 240 nm (Ɛ240 = 0.00394 ± 0.0002 L mmol–1 

mm–1). The difference in absorbance (ΔA240) per unit time is 
a measure of the catalase activity. The enzymatic activity was 
expressed as Units (U)/mg protein (1U decomposes 1 μmol 
H2O2/min at pH 7 at 25°C).

Malondialdehyde and glutathione activities

Malondialdehyde (MDA) is a low molecular weight end-
product of lipid hydroperoxide decomposition and is the 
most often measured as a index of lipid peroxidation. 
According to Satyam,[19] an iMark microplate absorbance 

reader was used to detect the optical density of MDA 
spectrophotometrically at 540 nm wavelength according 
to the manufacturer’s instruction (NWK-MDA01). The 
expression for the enzymatic activity was represented as mM/
mL. Glutathione activity was assayed spectrophotometrically 
by the method of Wendel,[20] analysing glutathione (GSH)/
Nicotinamide-adenine dinucleotide phosphate (NADPH)/
glutathione reductase (GR) system, by the dismutation 
of H2O2 at 340 nm. Through the capability of glutathione 
reductase, with NADPH, to regenerate reduced glutathione 
(GSH) from oxidised glutathione (GSSG), the decrease in 
NADPH was continuously measured spectrophotometrically 
while the GSH concentration in the enzymatic cycle remained 
essentially constant. The test measures the enzyme activity 
indirectly, and as a result of the breakdown of H2O2, reduced 
GSH is converted to oxidised glutathione (GSSG). The GR in 
the test media regenerates GSSG back to GSH at the expense 
of NADPH. The expression for the enzymatic activity was 
nmol NADPH/min/mg protein.

Caspase-3 activity, IL-1β and IL-6 assay

The brain tissue homogenate;s caspase activity was 
quantified, and cells that are either suspected of undergoing 
or have already undergone apoptosis were first lysed to 
extract their intracellular contents as described.[21] The 
activity of caspase-3 was analysed by spectrophotometric 
detection of chromophore p-nitroanilide (pNA) cleaved 
from the DEVD peptide sequence. The chromophore pNA is 
released when the peptide is broken down by caspase-3, and 
it has a wavelength of between 400 and 405 nm, making it 
suitable for spectrophotometric measurement.[22] The colour 
reaction is closely correlated with the amount of caspase 
enzymatic activity present in the cell lysate, and this allows 
for comparison across all the groups. DEVDase activity was 
detected using the APOPCYTO caspase-3 colorimetric assay 
kit (MBL Co.) according to the manufacturer’s directions. 
IL-6 (interleukin-6) and IL-I (interleukin-1) platinum 
enzyme-linked immunosorbent assay (ELISA) kits for rats 
were used to ascertain the level of inflammatory response 
following the manufacturer’s instructions (MBS764577). This 
kit was based on sandwich enzyme-linked immune-sorbent 
assay technology and the optical difference absorbance was 
detected at 450 nm, then the concentration of both IL-1β and 
IL-6 were calculated.

Histological procedure

The hippocampus was removed to expose the pre-frontal 
cortex which was dissected away from the olfactory bulb 
and the corpus callosum according to the methodology by 
Spijker[15] and subjected to histological studies. It was fixed 
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in a 10% formalin solution in phosphate buffer and was 
processed using a paraffin wax embedding medium. Tissue 
blocks of the pre-frontal cortex were sectioned using an 
automatic microtome and sections were stained with routine 
H&E stain for histological examination.

Statistical analysis

All quantitative data were analysed using GraphPad version 
8 and SPSS Version 23 (IBM Corp., Armonk, NY, USA) 
software, using one-way Analysis of Variance (ANOVA) 
followed by Tukey’s comparison test. Significance was set at P 
< 0.05. The results were demonstrated in tables and bar charts 
to show the mean and standard deviation.

RESULTS
Biochemical result

Figure 1: (a) A photomicrograph of the control group and the 
neuronal cells are interspersed within the neural tissue (black arrows), 
(b) cytoarchitecture with very mild signs of the onset of tissue 
traumatic encephalopathy (red arrows). (c)–(f) Several neuronal 
cells interspersed within the neural tissue and their cytoarchitecture 
appears normal (black arrows). [Hematoxylin & Eosin stain x200]

Figure 2: Groups 1–6 demonstrate the percentage of correct 
alternation in the Y-maze test. There was a significant decrease in the 
percentage of correct alternation in group 2 when compared with 
group 1 (*P < 0.05). Also, group 7 possessed a significantly lower 
percentage of correct alternation relative to the control (*P < 0.05).

Table 3: Levels of Anti-Inflammatory Biomarkers in different 
groups.

Groups Mean ± 
Standard 
Deviation

IL-6 Caspase-3

1 131.09 ± 9.27F 204.35 ± 5.36F 4.98 ± 0.30
2 182.58 ± 9.27* 238.48 ± 5.96* 6.90 ± 0.19*
3 138.58 ± 6.62F 215.31 ± 0.60F 5.40 ± 0.32F

4 157.30 ± 2.65 219.94 ± 3.58 5.52 ± 0.16F

5 150.28 ± 8.61F 222.89 ± 4.17 5.61 ± 0.23F

6 148.88 ± 5.30F 222.47 ± 9.53 6.07 ± 0.23*
7 150.28 ± 3.31F 213.20 ± 3.58F 5.93 ± 0.16*F

Values were expressed as Mean ± SD; *P < 0.05 showed a significant 
difference in groups 1, 3, 4, 5, 6 and 7 compared with the positive control 
(group 2); FP < 0.05 showed a significant difference in group 1, 3, 4, 5, 6 
and 7 when compared with group 2, respectively.
IL-6 = Interleukin 6.

Table 2: Levels of Anti-Oxidative Biomarkers in different groups.

Groups Mean ± 
Standard 
Deviation

MDA Glutathione Catalase

1 12.07 ± 0.36F 7.07 ± 0.67F 26.67 ± 0.65F 36.61 ± 0.90F

2 8.92 ± 0.96* 8.97 ± 0.18* 22.66 ± 0.15* 30.17 ± 1.90*
3 11.94 ± 0.32F 7.43 ± 0.24F 25.43 ± 0.41F 34.42 ± 1.10F

4 10.67 ± 0.21 8.44 ± 0.13* 24.84 ± 0.75 32.93 ± 1.80
5 10.10 ± 0.48F 7.82 ± 0.13 25.19 ± 0.15F 34.63 ± 0.60F

6 11.46 ± 0.46F 8.08 ± 0.11 24.61 ± 0.94 33.91 ± 0.30
7 11.56 ± 0.91F 7.91 ± 0.29 24.61 ± 0.51 32.71 ± 0.80

Values were expressed as Mean ± SD; *P < 0.05 showed a significant 
difference in groups 2 and 4 compared to other groups; FP < 0.05 showed 
a significant difference compared to groups 1, 3, 4, 5, 6 and 7, compared 
with group 2, respectively.
MDA = Malondialdehyde.
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Histomorphological result

Neurobehavioral results 

 

1 2 3 4 5 6 7
INITIAL WT 210.92 158.46 166.4 192.3 163.52 200.7 164.22
WT AFTER INDUCTION 246.83 195.1 199.64 216.46 190.8 210.98 193.5
FINAL WT 240.6 199.12 203.46 214.9 188.8 208.3 188.9
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Figure 3: Initial and final weight before and after induction. WT = 
Weight in grams.
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DISCUSSION
Plant-based medicine is an essential part of healthcare, and 
one plant flavonoid in particular, chrysin, has a variety of 
pharmacological actions. Chrysin is used in the prevention 
of cancer and to treat erectile dysfunction, baldness, anxiety, 
inflammation, gout, HIV/AIDS and bodybuilding in 
humans.[10]

Memory impairments have been extensively described 
after chemotherapeutic protocols in experimental Wistar 
rats.[23,24] It is attributed to oxidative damage[23,25] and 
neuroinflammation.[26–29] Previous studies showed that 
with a dose of 2 mg/kg Body weight, doxorubicin induced 
cognitive impairments in adult Wistar rats over 21 days.[26] 
Another study also showed that a DOX dosage of 2 mg/kg 
BW induced toxicity in the pre-frontal cortex, hippocampus 
and hypothalamus.[27] This was the basis of the experimental 
design as demonstrated in Table 1.

Doxorubicin-induced cognitive impairment was studied by 
the estimation of antioxidant markers (MDA, GSH, SOD and 
CAT) [Table 2], anti-inflammatory markers (IL-1 and IL-6) 
and anti-apoptotic markers (caspase-3) see [Table 3] along 
with histopathological analysis of tissues of the pre-frontal 
cortex as demonstrated in Figure 1. 

The histopathological examination demonstrated that in 
Figure 1a, several neuronal cells were interspersed within 
the neural tissue and there was normal cytoarchitecture. This 
group received phosphate buffer saline only. On the other 
hand, group two (positive control) received doxorubicin 
only and demonstrated mild onsets of tissue traumatic 
encephalopathy [Figure 1b]. Additionally, there was a loss of 
the round shape of normal neurons as well as the histological 
architecture, which was shown by the presence of darkish 
cytoplasm [Figure 1b]. This suggests that the pre-frontal 
cortex’s cytoarchitecture was cognitively hazardous when 
exposed to 2 mg/kg BW of DOX.[29] The pre-frontal cortex’s 
normal histological cytoarchitecture did not change in Group 
3 (chrysin alone) [Figure 1c]. Groups 4, 5 and 6 likewise 
displayed no abnormalities in the pre-frontal cortex, which 
may indicate that chrysin treatment restored the normal 
neuronal characteristics [Figures 1d–1f].[29]

Thus, the administration of DOX could be said to have toxic 
effects on the tissues of the pre-frontal cortex, whereas the 
administration of chrysin brought about the restoration of 
these tissues to their normal conditions.[29]

The administration of DOX at a dose of 2 mg/kg/week for 
three consecutive weeks significantly triggered an oxidant 
effect as evidenced by reduced GSH and SOD levels, elevation 
of MDA levels, and reduction of catalase activity, when 
compared to the control group as demonstrated in Table 2. 

Also, the co-administration of varying doses of chrysin with 
DOX prominently restored the normal MDA and GSH levels 
as well as the CAT activity. Moreover, the chrysin-only treated 
group showed slight reductions in the SOD and GSH levels, 
catalase activity, and elevation of MDA levels compared to the 
control group.[29]

There was an increase in the mean levels of caspase-3 in 
the DOX group (group 2) when compared to group 1. This 
increase in the mean levels was the highest when compared to 
other groups. The protective groups (5, 6 and 7) for Caspase 
3 showed an increase when compared to group 2, and so 
was dose-dependent, as there were increased mean levels of 
caspase-3 with higher doses of DOX. Apoptosis was involved 
in the pathogenesis of DOX-induced cognitive impairment 
and increased oxidative stress evoked by DOX triggered many 
signalling pathways, including the activation of caspase-3, 
leading to apoptosis [Table 3].[30–32]

In comparison to groups 3, 4, 5, 6 and 7, the DOX group’s 
mean level of IL1 and IL6 was lower than that of the control 
group [Table 3]. It has been demonstrated in earlier research 
that systemic DOX treatment raises pro-inflammatory 
cytokine levels, which encourage oxidative stress and cell 
death.[28] Early synaptic loss may also result via Caspase-3-
driven apoptosis. According to the current study’s results, 
which showed a significant increase in IL-1 and IL-6 in the 
DOX group compared to controls, inflammation plays a 
major role in the pathophysiology of DOX-induced cognitive 
impairment. These findings are consistent with previous 
studies.[28] Uncertainty surrounds the main underlying 
mechanism driving this rise in inflammatory indicators, while 
potential triggers include reduced tissue antioxidant capacity, 
elevated ROS levels and consequent lipid peroxidation. It has 
been revealed recently that there is a correlation between 
elevated levels of oxidative stress and inflammatory mediators. 
Oxidative stress is believed to initiate inflammatory reactions 
by activating the NF-κB pathway, which in turn triggers the 
trans-activation of cytokines.[33] The current investigation 
showed that chrysin administration resulted in considerable 
drops in IL-1 and IL-6 levels, indicating a consistent 
protective effect of chrysin against DOX-mediated release of 
inflammatory mediators inside pre-frontal cortical tissues.

Behavioural studies were conducted to ascertain the 
effect of doxorubicin, with chrysin intervention [Figure 
2]. Wistar rats were subjected to the Y maze test to test for 
cognitive impairment in the pre-frontal cortex. The outcome 
demonstrates a notable decline in the percentage of correct 
alternation in rats in group 2, which received DOX only when 
compared with group 1 (normal control). Group 6 had a 
significantly lower percentage of correct alternation relative to 
the control. Body weight was taken before and after induction, 
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and the final weight was taken before sacrifice. Body weight 
was significantly increased in the control, DOX, and chrysin-
only groups [Figure 3]. The body weight was reduced 
in protective groups 5, 6 and 7; the body weight did not 
significantly increase within the control group [Figure 3]. The 
adverse effect on body weight might be due to disruption of 
their metabolism due to their toxic effect, especially on neural 
tissues. These findings are in line with previous studies.[34,35]

In general, there was a significant decrease in the DOX-
only groups compared to the negative control group. Also, 
the chrysin-treated groups showed a significant increase in 
body weight as compared to the DOX group. However, the 
mechanism by which chrysin brings about an increase in 
body weight was not determined.

CONCLUSION
From this research, it is shown that doxorubicin is an inducer 
of oxidative stress, in the pre-frontal cortex of adult male 
Wistar rats. Also, chrysin has a significant protective effect 
on the test subjects, which is dose-dependent. The search 
for a safer means of doxorubicin use in chemotherapy 
may, therefore, include co-administration or formulation 
with chrysin. Future studies should be focused on possible 
synergistic effects between doxorubicin and chrysin.
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