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A B S T R A C T

Cyclophosphamide (CYL) is a first-line cancer chemotherapeutic agent widely used for the 
treatment of cancer that has severe toxic effects. The primary mechanism by which CYL induces 
toxicity through free radical generation. Morinda citrifolia (Noni) fruit juice is an herbal remedy 
documented to have antioxidant properties. The aim of the current study was to investigate the 
protective effect of noni against CYL-induced memory impairment in Swiss albino mice. Treat
ment schedule: Group 1: Normal: Received vehicle; Group 2: CYL treatment: Received CYL (40.0 
mg/kg b.w. i.p.) on day one; Group 3: NJ treatment: Received NJ (360 mg/b.w. p.o.) once daily 
for 14 days. Group 4: DNG treatment: DNG (360 mg/b.w. p.o.) once daily for 14 days, Group 5: 
NJ + CYL treatment: Received CYL (40.0 mg/kg b.w. i.p.) on day one and after half an hour of 
received NJ (360 mg/b.w. p.o.) once daily for 14 days. Group 6: DNG + CYL treatment: Received 
CYL (40.0 mg/kg b.w. i.p.) on day one and after half an hour received DNG (360 mg/b.w. p.o.) 
once daily for 14 days. Mice were subjected to the Morris water maze (MWM) challenge for two 
weeks as part of a behavioral study. Short-term memory impairment was observed in the 
behavioral activity of CYL-treated mice in the MWM test in the 1st week trial, and this effect was 
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reversed in the 2nd week trial in the combination treatment group. The behavioral analysis 
proved that noni supplementation reduced the risk of memory impairment caused by CYL. 
Biochemical analysis revealed that CYL markedly increased the levels of AChE and MDA in brain 
tissue. Similarly, decreases in the levels of antioxidants, i.e., GSH, CAT, SOD and GST, were 
detected in the brain tissue of the mice exposed to CYL. Qualitative and quantitative examinations 
of histopathological examination of the mouse hippocampus supported the above findings. The 
results demonstrated that noni supplement therapy reversed the changes in the MDA, AChE, and 
antioxidant enzyme levels while improving the behavioral and histological alterations caused by 
CYL. Long-term hippocampal growth and memory are unaffected, suggesting that CYL is less 
harmful. According to our research, supplementing with noni in conjunction with CYL may be a 
helpful treatment strategy for treating memory impairment caused by CYL.

1. Introduction

Cyclophosphamide (CYL), a well-known anticancer medication, is used to improve the prognosis of cancer patients. Despite its 
ability to cure cancer, CYL is also linked to several undesirable side effects because of its metabolites, such as phosphoramide mustard 
and acrolein [1]. Several studies have reported that CYL can cause various toxic effects, including nephrotoxicity, hepatotoxicity, 
neurotoxicity cardiotoxicity etc. [2–5]. Extremely reactive oxygen species (ROS) are produced by lipid peroxidation, which is caused 
by the CYL metabolite acrolein. When these plentiful ROS interact with another cell, cellular damage can occur [6,7]. It is well known 
that CYL and its metabolites are neurotoxic [8–11]. By reducing the increase in ROS levels, it is possible to diminish the toxic effects of 
CYL. Phytochemical compounds with antioxidant properties have been revealed to protect cells from CYL-induced oxidative imbalance 
[12]. Furthermore, hippocampal neurogenesis has been reported to be unfavorably linked to memory impairment (MI) [13]. Hip
pocampal neurogenesis is thus seen as a crucial component of cognitive function. Chronic stress also inhibits hippocampal develop
ment because it increases the level of oxidative stress. Frequent restraint stress has been shown to increase the blood levels of 
glutathione (GSH) and thiobarbituric acid reactive substances (TBARS) in rats [14]. According to another study, malondialdehyde 
(MDA) levels in mouse brains could be increased by persistent stress [15].

Reported that natural antioxidant consumption reduces oxidative stress and enhances cognitive function [16]. Notably, the 
combination of wheel-running exercise and phytoconstituents such as polyphenols, flavonoids, and epicatechin increased the pres
ervation of spatial memory. According to reports, strawberry fruit extract can guard against spatial memory deficiencies caused by 
whole-body radiation [17,18]. Tissue antioxidants are the first line of defense against free radical toxicity. The equilibrium of oxi
dation–reduction between pro-oxidants and antioxidants is crucial for regular cellular functioning [19].

Both superoxide dismutase (SOD) and CAT plays crucial role in cellular stress; SOD scavenges superoxide radicals by altering them 
to peroxide and molecular components [20], whereas CAT reduces peroxide and protects normal cells from extremely reactive hy
droxyl radicals [21]. It has been reported that GliSODin, a SOD extracted from melons and combined with gliadin, prevents 
stress-induced impairment of cognitive function and maintains neurogenesis in the hippocampus [22]. Umukoro et al. reported that 
excessive acetylcholine (ACh) release and activation of the inflammatory cascade result in behavioral alterations upon social defeat 
stress induction. Nonetheless, the presence of naringenin has been shown to reduce elevated concentrations of IL-1β, MDA, and 
acetylcholinesterase (AChE) in brain tissues [23].

Morinda citrifolia is an herbal plant native to the Pacific Islands that is commercially called noni and is used as folk medicine by 
Polynesians. Noni fruit juice possesses antioxidative activity [24]. The methanolic extracts and ethyl acetate-soluble phases of Noni 
fruit have been shown to prevent the effects of copper on low-density lipoprotein (LDL) oxidation [25]. Numerous phytochemical 
compounds, such as gallic acid, ascorbic acid, rosmarinic acid, ellagic acid, chlorogenic acid, epigallocatechin gallate, quercetin, 
(R)-naringenin, ascorbic acid, isorhamnetin, ellagic acid, and ursolic acid, are found in noni fruit [26,27]. Due to the presence of many 
of these phytochemicals in noni fruit, it is known to be an antioxidant and anti-inflammatory agent [28].

Various other biological activities, such as antimicrobial, antibacterial, antifungal, and anticancer activities, have also been re
ported in M. citrifolia [29–34]. Fresh noni fruit juice (NJ) is very well liked worldwide because of its pharmacological and nutritional 
properties. One product on the market named Divine Noni Gold (DNG), which comprises fresh NJ, Garcinia cambogia extract, and 
Glycyrrhiza glabra root extract. Garcinia cambogia is a plant that belongs to the Clasiaceae (Guttiferae) family and has a wide range of 
therapeutic benefits. Many phytochemicals, including garcinol, isogarcinol, and xanthone compounds such as oxyguttiferone M, 
oxyguttiferone K, oxyguttiferone K2, and oxyguttiferone I, have been shown to be present in Garcinia cambogia fruit. These compounds 
exhibited antioxidant potential [35]. The presence of polyphenols, among which flavonoids, coumarins, anthroquinones, and phenolic 
compounds are primarily present in Morinda citrifolia and are attributed to their antioxidant activity, is confirmed by the presence of 
polymeric hydroxyl groups, aromatic compounds, phenols, and aldo-keto group peaks [35]. The literature reported that noni fruit 
extracts dose-dependently inhibit oxidative substances caused by lipid hydroperoxide [36]. Jianguo et al., studied on neuroprotective 
activity of chloroform and aqueous fractions of noni juice against t-Butyl hydroperoxide-caused oxidative damage in SH-SY5Y cells. 
Suggested that the antioxidant and anti-inflammatory properties of noni juice can offer a protective effect against oxidative 
stress-induced neurodegenerative diseases due to presence of many bioactive phytochemical constituents, i.e. glycosides, iridoids, 
anthraquinones, flavonoids, phenolic acid, and coumarins [37].

The protective effect of noni on CYL related oxidative stress-induced MI have not been reported in the literature. Therefore, the 
present study aims explore whether noni (NJ and DNG) adjuvant therapy could diminish against CYL related oxidative stress-induced 
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MI and whether noni could improve cognitive function associated with neurogenesis in the hippocampus.

2. Materials and methods

2.1. Materials

Dimethyl sulfoxide (DMSO), fetal bovine serum (FBS-Gibco), and Dulbecco’s modified Eagle’s medium were obtained from DMEM- 
HiMedia Laboratories (Mumbai, India). Sulfo-Rhodamine-B (SRB) and secondary antibodies that were HP-conjugated with horseradish 
peroxidase (CAS number 9003-99-0) were purchased from Sigma Aldrich (Mumbai, India). Primary antibodies (goat polyclonal anti- 
human Nrf2 (CAS number 75483-04-4) and internal control actin [(CAS 51005-14-2) in TBS] were used in combination with 
phosphate-buffered saline (PBS), bovine serum albumin (BSA; CAS number 9048-46-8), tris-buffered saline (TBS), and enhanced 
chemiluminescence substrate (ECL) from Thermo Fisher Scientific (Mumbai, India). NQO1 lysis buffer was obtained from Santa Cruz 
Biotechnology (Mumbai, India). MDA, SOD, GSH, and Glutathione S-transferase (GST) assay kits were purchased from IBL Interna
tional (Bangalore, India). Ripe noni fruit and DNG were procured from Noni Biotech Pvt. Ltd. (Tamil Nadu, India). Commercially 
available CYCLOXAN 500 mg (Cyclophosphamide injection IP 500 mg) was obtained from the Medical Store of JSS Hospital, Mysore, 
India.

2.2. Noni products

Fresh Noni Juice (NJ) and Divine Noni Gold (DNG) juice were used as test samples. DNG is a marketed product that contains dried 
extract of noni fruit, Garcinia cambogia extract, and Glycyrrhiza glabra root extract. Fresh NJ was produced entirely from cleaved noni 
fruit by a hand press. Noni products were kept in a refrigerator throughout the experiment.

2.3. Fourier transform infrared (FT-IR) analysis

The Jagmohan (2005) [38] approach has been applied to FTIR studies. In an evacuated die, a potassium bromide (KBr) pellet was 
combined with the powdered fruit (5 mg) sample to create a clear, translucent disc with dimensions of 13 mm in diameter and 1 mm in 
thickness. On a PerkinElmer Fourier transform spectrometer (L1600235, PerkinElmer, Akron, OH, USA) with an air-cooled deuterated 
triglycine sulfate (DTGs) detector, FTIR spectra in the 4000-400 cm-1 frequency range were acquired at room temperature. One 
hundred scans with a spectral resolution of 4 cm were combined for each spectrum. The frequencies of all the sharp bands were within 
0.01 cm. The (%) transmittance unit was used to express all spectral values.

2.4. Identification and quantification of bioactive compounds using LC‒MS/MS analysis

The DNG was analyzed through liquid chromatography‒mass spectrometry (LC‒MS/MS) [39–41]. The instrument used was a 
SYNAPT-XS HDMS, UK (UPLC ACQUITY H CLASS Series System, DBA064). C18 Waters, Acquity BEH (2.1*100 mm, 1.7 μm), 5 μL 
injection volume, 40 ◦C column temperature and 0.3 mL/min were used. The mobile phase comprised 0.1 % formic acid + LC‒MS 
grade water (phase A) and 0.1 % formic acid + acetonitrile (phase B). The eluent was directly routed to the electrospray ionization 
(ESI) module. The gradient details are given below (Table 1).

2.4.1. Acquisition mode
Spectra were recorded in positive ionization mode between m/z 150 and 2000.

2.5. Animals

Animal maintenance was performed according to the WHO guidelines (Geneva, Switzerland). The inherited Swiss albino mice were 
obtained from the JSS Medical College, Mysuru, India, for in-vivo studies. Fifty-to seventy-day-old mice of 24–30 g of weight was 
designated as well-maintained in controlled environments of humidity (50 ± 5 %) and temperature (23 ± 2 ◦C), and the light was 
maintained at 14 h and 10 h of light and dark, respectively, at the Central Animal Research Facility JSS College of Pharmacy, Mysuru, 
India [42]. The mice were provided hygienic food and water ad libitum. Mice in different clusters were placed in polypropylene cages 

Table 1 
Gradients used.

Time (min) Flow (μL/min) %A %B Curve

0.00 0.300 95.0 5.0 6
1.00 0.300 95.0 5.0 6
07.00 0.300 30.0 70.0 6
08.00 0.300 10.0 90.0 6
10.00 0.300 10.0 5.0 6
11.00 0.300 95.0 5.0 6
15.00 0.300 95.0 5.0 6
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with sterile paddy husks for bedding. The study was approved by the Institutional Animal Ethical Committee (IAEC No. 162/2016) of 
the JSS College of Pharmacy, JSS Academy of Higher Education and Research, Mysuru, India.

2.6. Experimental design

Thirty-six mice were assigned to the following clusters. Each cluster contained six mice. Group 1: Control group, consumed 
drinking water; group 2: received CYL (40.0 mg/kg b.w. i.p.) on day 1; group 3: received NJ (360 mg/b.w. p.o.) once daily for 14 days, 
group 4: received DNG (360 mg/b.w. p.o.) one time daily for 14 days, group 5 received CYL (40.0 mg/kg b.w. i.p.) on day 1 and 
received NJ (360 mg/b.w. p.o.) one time daily for 14 days, and group 6: received CYL (40.0 mg/kg b.w. i.p.) on day 1 and received 
DNG (360 mg/b.w. p.o.) once daily for 14 days. CYL was used as a positive control. Sector-specific safety testing criteria differ, but 
generally, repeat-dose testing in animals serves as the foundation for evaluating the risks to human health. The ideas outlined in a 
technical study by the European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC), which suggests practical methods 
for dose selection considering legal requirements, animal welfare, and cutting-edge scientific methodologies, are further expanded 
upon in this work. NJ and DNG (0.35 ml) were calculated from the human dose to the mouse dose. A total of 0.35 ml is equivalent to 
360 mg measured by a digital weighing balance. A repeated dose toxicity assay (28 days) for the ethanolic extract of M. citrifolia fruit in 
rats has already been reported. According to reports, repeated administration of the said extract at doses of 500, 1000, and 2000 mg/kg 
body weight over the course of 28 days did not result in any appreciable changes to the body weight, hematological, or biochemical 
markers in the animals. In addition, histopathological examination of different organs did not reveal any morphological alterations. 
Hence, the noni fruit was found to be safe. Because it is reported to be safe, a toxicity test was not performed in this study [43].

2.7. Behavioral assessments

2.7.1. Morris water maze method
In each experiment, mice in each group were trained in the Morris water maze (MWM) daily for 14 days before treatment [44]. 

Training was given by placing the mice in the water on the side of the wall facing toward the wall of the MWM. Throughout the training 
period, each mouse underwent 3 trials/day with 5-min intertrial intervals for 14 days or until the mice met the required criteria. After 
14 days of training, the mice were randomized into different groups, and basal readings were taken on day 15. After half an hour of 
basal reading, the mice of each group were treated as per the experimental design mentioned above, and behavioral performance was 
assessed on the 7th and 14th days of the two-week treatment in the MWM with a cutoff period of 60 s. The platform in the MWM was 
kept slightly below the water level, and the same position was maintained throughout the escape latency time (ELT) study.

The initial measure of learning is escape latency, which is the time required to find the platform, called ELT. In the present study the 
ELT was performed by placing the mice in the water on the side of the wall facing toward the wall of the MWM and noting the time to 
reach each mouse on the platform. The platform was removed from the MWM, and the mouse was placed on the water in the same 
manner next to the wall to measure the amount of time spent in the target quadrant (TSTQ) [45].

2.7.2. Sample collection
Following the behavioral study, all the mice in the groups were sacrificed on the 15th day. Brain tissues were isolated, cut into two 

pieces, and then quickly washed with normal saline. For histological analyses, a piece of the brain was kept in 10 % phosphate-buffered 
formalin. Another piece of the brain was used for biochemical assessments and was homogenized at 1/10 w/v in ice-cold Tris-HCl 
buffer (0.1 M, pH 7.4) [46].

2.7.3. Biochemical measurements
Using a Denville Ultra EZ grind tissue homogenizer, equivalent amounts of brain tissue were homogenized for 5 min in 0.1 M cold 

potassium phosphate buffer (pH 7.4). To extract the supernatant, the homogenate was centrifuged at 14,000 rpm for 15 min at 4 ◦C, 
after which the concentrations of MDA, GSH, CAT, SOD, GST, and AChE were measured using a Shimadzu spectrophotometer (UV120- 
02) in accordance with each enzyme’s usual protocol [47–49].

2.7.4. Histopathological investigation
The hippocampal tissue was transferred to 10 % formalin for 24 h and then fixed in paraffin blocks, and 5 μm thick slices were 

prepared from the blocks and stained with hematoxylin and eosin dye. The prepared slides were focused under a phase contrast 
microscope (OLYMPUS CKX41). Images were captured for analysis of cellular architecture in different treatment groups [50]. The 
quantitative histological assessment of NJ and DNG in the brain hippocampus of CYL-challenged mice was carried out for 7th and 14th 
days.

2.8. Statistical analysis

Data analysis was performed with GraphPad Prism version six. The data are presented as the mean ± SEM of one-way and two-way 
analysis of variance (ANOVA) tests, followed by Tukey’s multiple comparisons test and p value was evaluated.
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3. Results

3.1. FT-IR analysis

FTIR spectroscopy is a helpful method for describing and identifying chemicals or functional groups (chemical bonds) present in an 
unidentified combination of DNG. Furthermore, functional group characterization and identification using FTIR spectroscopy is a well- 
established approach that saves time [51].

The FTIR results supported the presence of alcohols, carboxylic acids and amines (3253.499 cm− 1), alkynes (2118.195 cm− 1), 
amides and alkenes (1639.191 cm− 1), nitro and alkanes (1417.573 cm− 1), alcohols, esters, ethers, carboxylic acids, anhydrides and 
amines (1174.183 cm− 1), amines and fluorides (1083.529 cm− 1), tertiary alcohols, and fluorides (1019.440 cm− 1) (Fig. 1 and Table 2).

3.2. LC‒MS analysis of the divine noni gold (DNG)

3.2.1. Total ion chromatogram (positive mode)
LC‒MS analysis of the DNG revealed the presence of several compounds. In the extract, a total of 18 compounds were identified in 

positive mode, as mentioned in Figs. 2 and 3 and Table 3.

3.3. Behavioral examinations

3.3.1. Defensive effect of the NJ and DNG on CYL-Induced short-term memory deficits in Swiss albino mice: A behavioral and biochemical 
approach

3.3.1.1. Determination of ELT. Compared with the control, a single dose of CYL at 40 mg/kg b.w. significantly (**p < 0.01) augmented 
ELT in the 7th and 14th day trials. In 14th day trial we have observed CYL treated group were taken short time (7.94 ± 1.22) to reach in 
platform compared to 7th day trial (8.95 ± 0.73). Result indicates that mice were getting recover MI in 14th day, suggests that CYL 
induce short term memory. Supplement therapy with NJ and DNG significantly (*p < 0.05) reduced the ELT in combination therapy, i. 
e., CYL + NJ and CYL + DNG. However, individual NJ and DNG therapies-maintained ELTs close to control. However, DNG + CYL 
(**p < 0.01) showed more significant effect than NJ + CYL (*p < 0.05) in 14th day trial (Fig. 4).

3.3.1.2. Determination of TSTQ. The administration of CYL leads to significant (*p < 0.05) declined TSTQ when compared to control 
in day 7th and 14th. In 14th day trial mice spent more time (24.0 ± 4.4) in the platform area than 7th day (21.28 ± 5.36) trial. Here 
also results indicates that mice were getting recover from MI. Individual treatment with NJ and DNG significantly augmented TSTQ in 
comparison to treatment with CYL alone on both the 7th (**p < 0.01) and 14th (***p < 0.001) days of the trial. Compared with CYL 
treatment alone, combination therapy with CYL + DNG significantly (*p < 0.05) reduced the TSTQ on the 14th day, but the difference 
was not significant on the 7th day. However, CYL + NJ did not have a significant effect on either the 7th or 14th day of the trial (Fig. 5). 
Both the ELT and TSTQ findings indicate that CYL induces MI, which can be averted or minimized by supplement therapy of noni with 
CYL.

3.3.2. Biochemical measurements

3.3.2.1. Effect of noni on the CYL-induced oxidative variance in brain tissue. In the control, the antioxidant enzyme i.e. GSH, SOD, CAT 

Fig. 1. FTIR spectra of divine noni gold (DNG).
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and GST levels were 10.79 ± 0.72 μmol/mg of protein, 22.15 ± 1.81 units/mg of protein, 81.66 ± 2.56 units/mg of protein and 
113.201 ± 1.69 nmol/mg of protein, respectively. Treatment with 40 mg/kg CYL via i.p. injection caused MI, as indicated by sig
nificant decrease in the levels of antioxidant enzymes (GSH, SOD, CAT and GST) compared to those in the control group.

Individual treatment with NJ and DNG significantly (p < 0.05) improved the GSH, SOD, CAT and GST levels compared to those in 
the control group, indicating that noni can increase the levels of antioxidant enzymes in healthy organism. The combination treatment 
of NJ + CYL did not displayed significant difference the levels of SOD, CAT, GST except GSH compared to those in the group treated 
with CYL alone. However, the combination treatment of DNG + CYL significantly improved the GSH (***p < 0.001), SOD (*p < 0.05), 
CAT (***p < 0.001) and GST (**p < 0.01) levels compared to those in the group treated with CYL alone. The result indicates that CYL 
treatment can promote oxidative stress in the brain by reducing endogenous antioxidant enzyme levels, and this effect was reversed by 
14 days of DNG treatment (Fig. 6).

3.3.2.2. Assessment of MDA and AChE in brain tissue. In the control group, both the MDA and AChE levels were 19.16 ± 0.921 nmol/ 
mg of protein and 137.23 ± 2.79 μmol/mg of protein, respectively. The i.p. injection of 40 mg/kg CYL caused lipid peroxidation in 
isolated brain tissue and significantly (<0.05) increased the MDA and AChE levels compared to those in the control group. However, 
individual NJ and DNG treatments significantly (p < 0.05) decreased both the MDA and AChE levels compared to those in the control 
group.

There was no significant difference between the NJ + CYL combination treatment group and the CYL alone treatment group. 

Table 2 
FTIR peak analysis and functional groups present in the divine noni gold (DNG).

S. No. Wavenumber (cm − 1) Compound class Functional group

1 3253.499 Alcohol O-H stretching
Carboxylic acid O-H stretching
Amine N-H stretching

2 2118.195 Alkyne C=C stretching
3 1639.191 Amide C=C stretching
​ Alkene C=C stretching
4 1417.573 Nitro N=O bending

Alkane C-H bending
5 1174.183 Alcohols, esters, ethers, carboxylic acids, anhydrides C-O stretching

Amines C-N stretching
6 1083.529 Amines C-N stretching

Fluorides C-X stretching
7 1019.440 Tertiary alcohol C-O stretching

Fluorides C-X stretching

Fig. 2. LC‒MS chromatograms of the significant compounds present in DNG.
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However, the combination treatment of DNG + CYL significantly (<0.05) diminished the MDA and AChE levels compared to those in 
the group treated with CYL alone. This indicates that DNG can protect hippocampal cells against CYL-induced neuronal death by 
inducing oxidative stress and inhibiting cholinergic dysfunction (Fig. 7).

3.4. Histopathological examination

The above results were confirmed by histopathological studies (Fig. 8). Fig. 8A shows a healthy hippocampus. H&E staining 
revealed that the degenerated hippocampal cells in the CA1 and CA3 regions after CYL injection (Fig. 8B) were loosely arranged and 
exhibited obvious pyknosis, indicating that treatment with CYL induces MI by inducing oxidative stress. The behavioral outcomes of 
the MWM test showed that CYL injection can induce short-term MI in mice, which can be reversed by supplemental therapy with noni. 
The histopathological figures for 14th day are only presented in the manuscript (Fig. 8).

However, after treatment with NJ (Fig. 8C) or DNG individually (Fig. 8D), no cell degeneration was observed, and the tissue was 

Fig. 3. Structures of the compounds identified based on LC–MS from the ethanolic extract of M. citrifolia.
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found to be a control section. After the administration of combination treatments, such as NJ + CYL (Fig. 8E) and DNG + CYL (Fig. 8F), 
NJ and DNG with CYL prevented the degeneration of cells in CA1 and CA3, respectively, indicating that NJ and DNG could prevent the 
loss of neurons in mice hippocampus.

Cells were counted as the number of cell bodies/mm2 area of the hippocampus (Fig. 8) and bar graph for quantitative analysis of 
cells were constructed out of 10 cells (Fig. 9). CYL treated groups showed significant decreased neuron in both 7th (****p < 0.0001) 
and 14th ($$$p < 0.001) day compared to control group. In combination treated groups number of neurons are significantly improved 
in both 7th (**p < 0.01) and 14th ($p < 0.05) day compared to CYL alone treated group. Individual treatment of NJ (****p < 0.0001) 
and DNG ($$$p < 0.001) did not show significant difference compared to control but showed significant difference with CYL alone. 
Quantitative histopathological assessment of NJ and DNG in the brain hippocampus of CYL-challenged mice for 7 and 14 days revealed 

Table 3 
LC‒MS analysis of the ethanolic extract of M. citrifolia (DNG).

S. No R. Time Score Compound Name Ion Formula Adducts Exact Mass Observed Mass

1 1.04 35.5 (R)-naringenin Positive C15H12O5 M-H 272.253 271.06
2 1.07 35.8 (− )-Epicatechin Positive C15H14O6 M-H2O-H 290.268 271.05
3 1.09 35.9 (+)-Catechin Positive C15H14O6 M-H2O-H 290.268 271.0
4 4.41 35.9 Laricitrin Positive C16H12O8 M + Na-2H 332.26 353.02
5 4.61 36.3 Glucogallin Positive C13H16O10 M-H 332.26 331.67
6 5.95 37.9 Flamenol Positive C7H8O3 M-H2O-H 140.137 121.09
7 5.97 26.5 Wogonin Positive C16H12O5 M-H2O-H 284.263 265.04
8 5.98 36.5 Prunetin Positive C16H12O5 M-H2O-H 284.26 266.55
9 5.99 36.6 (+)-maackiain Positive C16H12O5 M-H2O-H 284.263 265.77
10 6.20 36.7 Isorhamnetin Positive C16H12O7 M-H2O-H 316.26 297.03
11 6.25 36.3 Irilone Positive C16H10O6 M-H 298.24 297.34
12 6.21 36.8 3′-O-methyltricetin Positive C16H12O7 M-H2O-H 316.262 297.77
13 8.23 35.3 Secoisolariciresinol Positive C20H26O6 M-H 362.41 361.67
14 8.25 37.6 (±)-Gingerol Positive C17H26O4 M-H 294.386 293.7
15 9.32 35.6 Sorgoleone Positive C22H30O4 M-H2O-H 358.471 339.13
16 10.94 34.8 Oleanolic acid Positive C30H48O3 M-H 456.70 455.44
17 11.41 33.4 Ursolic acid Positive C30H48O3 M-H 456.78 45,589
18 11.77 32.8 6-deoxoteasterone Positive C28H50O3 M + Na-2H 434.69 455.69

Fig. 4. Effects of NJ and DNG on ELT performance in the MWM test. The values are presented as the mean ± SEM; n = 6. Data was analyzed by two- 
way ANOVA followed by Tukey’s multiple comparisons test. The obtained p values were: *p < 0.05; **p < 0.01.

Fig. 5. Effects of NJ and DNG on the TSTQ in the MWM test. The values are presented as the mean ± SEM; n = 6. Data was analyzed by two-way 
ANOVA followed by Tukey’s multiple comparisons test. The obtained p values were: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. (NS 
indicates no significant).
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that NJ and DNG prevented cell degeneration caused by CYL and that the percentage of neurons was reduced minimally, indicating the 
protective impact of noni.

4. Discussion

To investigate whether the divine noni has any effect on stress-induced impairment of learning and memory, the mice were given 
CYL, and memory was determined using the MWM test after administration of noni. Numerous phenolic and flavonoid compounds are 
present in noni fruit and have antioxidant activity [52].

This study aimed to assess the neuroprotective potential of divine noni against CYL-induced MI linked to oxidative stress. The 
results of the present study are consistent with those of a previous study showing that CYL induces hippocampal toxicity by inducing 
oxidative stress, which leads to cause MI [53–56]. Clinical studies have demonstrated that cognitive impairment is an adverse effect of 
cancer chemotherapy that commonly occurs in cancer patients [57,58]. Factors may be defensive in contradiction of cognitive deficits 
or persons at a greater risk for loss of cognitive role. These factors include linked side effects of cancer and its treatment, such as fatigue 
and depression, as well as direct and indirect consequences of chemotherapy, such as anemia and/or menopause due to chemotherapy. 
It has been reported that CYL causes DNA to alkylate and avert the replication of the genome in dividing cells [59].

In the current study, the presence of hydroxyl functional groups in DNG was investigated by FTIR spectrum that may be associated 
with the various flavonoid and phenolic compounds identified by LC-MS analysis (Fig. 3). Catechins are composed of two benzene 
rings (A- and B-rings) and a dihydropyran heterocyclic ring (the C-ring) with a hydroxyl group on carbon 3. Functional hydroxyl 

Fig. 6. All the data are presented as the mean ± SEM (n = 6) and were analyzed by one-way ANOVA followed by Tukey’s multiple comparison test. 
The obtained p values were: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Fig. 7. All the data are presented as the mean ± SEM (n = 6) and data were analyzed by one-way ANOVA followed by Tukey’s multiple com
parisons test. Obtained p values as follows: *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 8. Histopathological presentation of NJ and DNG in the hippocampus of CYL-challenged mice. Morphological changes were visualized under a 
phase contrast microscope. The mouse hippocampus was stained with hematoxylin and eosin (20×). [A]: Normal-vehicle treated [B]: Section 
treated with CYL. [C and D]: Sections treated with NJ and DNG respectively. [E and F]: Sections treated with NJ + CYL and DNG + CYL, 
respectively.

Fig. 9. Quantitative histological assessment of NJ and DNG in the hippocampus of CYL-challenged mice. All the data are presented as the mean ±
SEM (n = 6) and data were analyzed by two-way ANOVA followed by Tukey’s multiple comparisons test. The obtained p values were: *p < 0.05, 
**p < 0.01, ***p < 0.001, ****p < 0.0001; $p < 0.05, $$p < 0.01, $$$p < 0.001.
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groups in flavonoids mediate their antioxidant effects by scavenging free radicals [60]. Therefore, the results of the present study 
clearly demonstrate the potential antioxidant activity and free radical scavenging abilities of DNG.

Naringenin was found to reduce AChE activity and enhance the antioxidant defense system, which includes GSH, SOD and CAT by 
lowering hippocampal MDA, an indicator of lipid peroxidation [61]. The hopeful benefits of memory recovery were attributed by 
researchers to naringenin’s AChE inhibitory action [62]. Rahigude et al. reported that after 58 days of chronic administration of 
naringenin (50 mg/kg bwt/day, p.o.), rats with type 2 diabetes exhibited significant improvements in MI, oxidative stress, and AChE 
activity [63]. These results point to naringenin as a potentially useful and multitarget neuroprotective substance. Overall, the results 
showed that naringenin has therapeutic potential by overcoming cognitive impairment by countering oxidative stress and 
neuroinflammation.

As a result, (− )epicatechin (EC), a pure flavanol of particular significance, crosses the blood–brain barrier (BBB) and may have an 
immediate impact on brain function. Here, we demonstrated the presence of (− )epicatechin in noni and its protective effect against 
CYL-induced short-term MI in mice. This effect is further strengthened when combined with (− )epicatechin, which increases hip
pocampal activity and memory function. Our result is an agreement with van Praag et al., stated that epicatechins are plant-derived 
flavanols make significant vasculature increases in the dentate gyrus. Reported that M. citrifolia fruit extracts contain high levels of 
catechins at 53.7 ± 5.7 mg/g. In their study described that administration noni fruit juice might recover the stress-induced impairment 
of blood vessel density in the hippocampus of mice which leads to improve memory by means of catechins contained in noni juice [64].

Hend et al., stated that naringenin improves behavioral, neurochemical, immunohistochemical, and molecular parameters in the 
rat cerebellum of AlCl3-induced Alzheimer’s disease (AD); these protective effects may be highly ascribed to its antioxidant and 
autophagic regulatory properties of naringenin. suggested that naringenin could contribute to the combat of oxidative and autophagic 
stress in the cerebellum of AlCl3-induced AD. It’s clearly indicates that naringenin compound can protect the stress induced neuro
degenerative disease including memory [65].

In the present study, all of these results point to the long-lasting anatomical and functional alterations in the mouse brain caused by 
(− )epicatechin and naringenin present in divine noni. To clarify the significance of these concerns in MI, more research on their 
impacts is needed. Due to the presence of a high extent of these phytochemicals in noni fruit, it is documented as an antioxidant and 
anti-inflammatory agent due to the presence of Naringenin, (− )epicatechin, (+)-Catechin, Glucogallin, Ursolic acid etc. [66–70].

The existence of CYL-induced MI is usually accepted, but several details of this process remain unclear [71]. The impacted cognitive 
areas and the periods of cognitive loss are not consistent, according to previous research [72–74]. As stated by earlier in-vivo research, 
a single dose of 40 mg/kg CYL produces chemobrain, which has been found in a step-down test. However, the impairment in the 
step-down inhibitory avoidance test improved after 1 week of CYL treatment. This finding suggested that a CYL injection of 40 mg/kg is 
sufficient to interrupt cognitive function in mice, which may recover after 1 week [75]. A similar result was obtained in our study, 
where 40 mg/kg b.w. of CYL induced hippocampus-dependent MI on the 7th day, which was recovered and observed on the 14th day 
in the ELT and TSTQ in the MWM (Figs. 4 and 5). This finding implies that a single dose of 40 mg/kg CYL can briefly cause MI. Noni 
treatment had a preventive effect on CYL-induced MI in the present study.

Findings from previous research suggest that CYL may have an immediate effect on cells dividing in the subgranular zone of the 
adult dentate gyrus and that during this time, animals may become cognitively impaired. However, it appears likely that the decline in 
cell division and spatial cognition is mild and reversible. Aldehyde dehydrogenase-3 is an enzyme found in the brain that breaks down 
CYL into non-toxic metabolites [75]. This may be because the effects of CYL may be less long lasting than those of other chemo
therapeutic drugs.

Our study is the first to show that DNG has a defensive effect on cyclophosphamide-induced short-term memory deficits in Swiss 
albino mice. Furthermore, the literature suggests another possible mechanism by which CYL inhibits hippocampal neurogenesis. The 
metabolites of CYL, i.e., acrolein or phosphoramide mustard, cause side effects [76]. This decreases cellular resistance to oxidative 
stress and leads to BBB damage, hence permitting the entry of possible neurotoxic substances, i.e., cytokines, into the brain and causing 
cell death in the CA1 and CA3 regions of the hippocampus, which are responsible for memory; this possible toxicity of CYL may be due 
to the accumulation of ROS in the brain [77]. In brain tissue antioxidant estimation, we found that CYL reduced the levels of the 
neuronal antioxidants i.e. GSH, SOD, CAT, and GST and simultaneously augmented the MDA and AChE levels. An earlier study 
demonstrated that antioxidants are closely associated with the direct removal of ROS. Hence, the depletion of these antioxidant 
molecules may result in many detrimental impacts owing to the accumulation of superoxide radicals and hydrogen peroxide, which are 
interrelated with neurodegenerative disorders, including MI [78–80].

Supplementing NJ and DNG for 14 consecutive days improved the concentrations of these antioxidant enzymes, resulting in de
fense against free radicals. Taken together, these findings indicate that oral consumption of noni in healthy mice reduced oxidative 
damage to the brain in response to CYL-induced oxidative stress and augmented the concentrations of antioxidant enzymes (Fig. 6) 
while diminishing the levels of MDA and AChE in response to CYL (Fig. 7). These impacts of the antioxidant properties of the noni may 
be related to improved performance in the MWM behavioral test. A histopathological study revealed that CYL treatment-induced 
degeneration of cells in the CA1 and CA3 regions of the hippocampus may be due to the depletion of antioxidant enzymes, which 
confirmed that CYL treatment induces MI and that this effect is protected by noni supplementation. The quantitative analysis of 
histopathology confirmed the degenerated cells by CYL treatment and significantly improved by noni (Fig. 9).

5. Conclusions

The present study clearly demonstrated the potential antioxidant activity of the divine noni, which may be caused by the wide 
variety of functional compounds in the plant, as shown by the FTIR and LC-MS spectral analysis. These results suggest that CYL may 

M. Ali et al.                                                                                                                                                                                                             Heliyon 10 (2024) e37557 

11 



cause MI to a short extent. The pattern of neurogenesis following CYL treatment is consistent with the dependence of the hippocampus 
on MI, indicating that the extent of MI may be related to cholinergic dysfunction and diminished levels of antioxidant enzymes in the 
brain. Thus, the neuroprotective activity of divine noni may or may not be directly related to its antioxidant activity. Further molecular 
studies are required to clarify whether CYL induces short-term MI in a mouse model.
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