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A B S T R A C T   

No effective drug treatment is available for Alzheimer disease, thus the need arise to develop 
efficient drugs for its treatment. Natural products have pronounced capability in treating Alz
heimer disease therefore current study aimed to evaluate the neuro-protective capability of 
folicitin against scopolamine-induced Alzheimer disease neuropathology in mice. Experimental 
mice were divided into four groups i.e. control (single dose of 250 μL saline), scopolamine- 
administered group (1 mg/kg administered for three weeks), scopolamine plus folicitin- 
administered group (scopolamine 1 mg/kg administration for three weeks followed by folicitin 
administration for last two weeks) and folicitin-administered group (20 mg/kg administered for 5 
alternate days). Results of behavioral tests and Western blot indicated that folicitin has the 
capability of recovering the memory against scopolamine-induced memory impairment by 
reducing the oxidative stress through up-regulating the endogenous antioxidant system like nu
clear factor erythroid 2-related factor and Heme oxygenase-1 while prohibiting phosphorylated c- 
Jun N-terminal kinase. Similarly, folicitin also improved the synaptic dysfunction by up- 
regulating SYP and PSD95. Scopolamine-induced hyperglycemia and hyperlipidemia were abol
ished by folicitin as evidenced through random blood glucose test, glucose tolerance test and lipid 
profile test. All these results revealed that folicitin being a potent anti-oxidant is capable of 
improving synaptic dysfunction and reducing oxidative stress through Nrf-2/HO-1 pathway, thus 
plays a key role in treating Alzheimer disease as well as possess hyperglycemic and hyper
lipidemic effect. Furthermore, a detailed study is suggested.   

1. Introduction 

Alzheimer disease is an irreversible, progressive neurodegenerative disease, marked by the loss of memory, spatial disorientation 
and deterioration of intellectual ability. It is the most common form of neurodegenerative disease which is responsible for 80% 
diagnosis of all demential cases and is becoming the most exorbitant, fatal and burdening disease [1,2]. Important pathological 
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hallmarks for the diagnosis of Alzheimer disease include the disposition of plaques of amyloid beta, glial responses, neurofibrillary 
tangles of Tau protein and neuronal and synaptic loss [3,4,5,6]. Risk factor for Alzheimer disease includes age, genetic mutations, 
stress, metabolic disorders and cardiovascular disease etc. [7]. Along with these, another key factor which initiates the pathology of 
Alzheimer disease is the oxidative stress [8]. Oxidative stress is described as disparity between formation and detoxification of reactive 
oxygen species [9,10]. Generation of these species is induced by amyloid beta plaques, age, tissue injury, and increased metal level or 
ischemia [11]. Evidences have shown the oxidative events happening early in the onset of disorder and before the formation of pa
thology, thus support a key role of oxidative stress in Alzheimer disease [12]. Brain has less antioxidant enzymes and is rich in 
polyunsaturated fatty acid, causing very prone to the oxidative stress [9,13,14,15]. 

Synaptic loss is the powerful correlate for the cognitive decline and is the early pathological event in Alzheimer disease [16,17,18]. 
It is well known that synapses integrate synaptic activity all over the nervous system and without its regulation, synaptic protein 
activity is lost, leading to stored memory degradation [19]. Mechanism which leads to synaptic loss and memory impairment in 
Alzheimer disease are not well understood but it is reported that due to soluble oligomers of amyloid beta, synaptic toxicity develops 
which leads to the development of Alzheimer disease [10,20,21,22]. Tau protein also performs a significant role in the regulation of 
synaptic function and synaptic plasticity [23]. When formation of neurofibrillary tangles occurs within neurons it causes microtubule 
destabilizations, neuronal and synaptic injury [24,25]. Loss of presynaptic and post synaptic protein i.e. PSD95 and Synaptophysin in 
Alzheimer disease shows the synaptic impairment [26]. Synaptophysin is found in all the terminals of neurons and perform a role in the 
exocytosis and endocytosis of synaptic vesicles [27,28]. PSD95 protein participates in memory and learning by the calcium ions influx 
to the neurons. It attaches with NMDAR –terminal receptors and its higher expression correlates with the increase synaptic trans
mission [29,30]. Plasticity homeostasis of synapses is controlled by PSD95 protein and performs a significant role in the synapses 
maturation [31]. 

Neurodegenerative disease and metabolic dysfunction are associated disease. Both these disease shows high occurrence in elderly 
and middle aged people [32]. Glucose is the main energy source for brain, its metabolism is not only used for energy substrate but also 
provides important compounds for neurons such as neurotransmitters (acetylcholine and glutamate) [33] while its high level leads to 
hyperglycemia which if persist for long time leads to the occurrence of Diabetes mellitus [34]. 

Hyperglycemia plays a significant part in the development of Alzheimer disease and can lead to slowly progressive structural and 
functional problems in brain and leads to cognitive decline in people who have abnormal glucose metabolism [33,35]. It initiates three 
mechanisms by which aging of the brain occurs which include accumulation of advance glycation end product, increase production of 
reactive oxygen species and micro vascular pathology [36]. Neuronal apoptosis and cell proliferation suppression are observed in the 
diabetic rodent’s hippocampus [37]. Insulin resistance of brain and amyloidogenesis are the major mechanisms for cognitive function 
disability by hyperglycemia and it can lead to neuronal apoptosis even before the development of Diabetes mellitus [38,39]. Diabetes 
mellitus induced by high fat diet, can induce the amyloid beta peptide 40 and 42 amyloidogenesis in the brain of Alzheimer disease 
transgenic mouse model [40,41]. Risk factors for diabetes and dementia tends to overlap. These overlapping mechanisms include 
oxidative stress, inflammation, and dysfunction of mitochondria [39]. 

Another risk factor for neurodegenerative disease and Alzheimer disease is hyperlipidemia [42]. Hyperlipidemia relates to an 
increase in oxidative stress which results in the significant increase of oxygen free radicals. These radicals then initiate oxidative 
modifications in low density lipoprotein and leads to the development of atherosclerosis and other cardiovascular diseases [43]. Many 
studies reported that disorders in homeostasis of lipids are common risk factors for the cardiovascular diseases which are linked to the 
Alzheimer disease. According to a review high content of high density lipoprotein was associated with a decreased risk for Alzheimer 
disease and modulates the cognitive functions in neurodegenerative disease while elevated amount of low density lipoprotein can 
cause plaques buildup in the arteries and increases the risk of cardiovascular diseases and it is also an independent risk factor for the 
development of Alzheimer disease [44,45,46,47]. An antioxidant defense system consisting of enzymes and non-enzymatic compounds 
prevents oxidative damage of lipoproteins in the plasma. When the activity of this system decreases or the reactive oxygen species 
production increases, an oxidative stress may occur. Since fatty acids and triglyceride-rich emulsions can stimulate leukocytes to 
produce reactive oxygen species, it is conceivable that raised plasma triglyceride-rich lipoproteins such as very low density lipoprotein 
may overload the antioxidant system [48]. 

In current study, scopolamine is used as a drug for inducing Alzheimer disease via generating oxidative stress and synaptic loss. 
Scopolamine is capable of mediating amyloid beta deposition, synaptic dysfunction, and oxidative stress and impairs memory and 
learning. It has been used in experimental models of animals to evaluate the effects of drugs and its therapeutic potential against 
neurodegenerative disease [28]. 

A number of flavonoids have been described to attenuate the Alzheimer disease pathology development and make the cognitive 

Nomenclature 

Abbreviations 
SYP Synaptophysin 
PSD95 Postsynaptic density protein 95 
Nrf2 Nuclear factor-erythroid factor 2-related factor 2 
HO-1 Heme oxygenase-1 
p-JNK phosphorylated c-Jun N-terminal kinase  
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deficit better in various experimental models because theses have the potency to bind with different proteins and make alterations in 
enzymes, hormones and remove the free radicals [49]. It also has many beneficial effects on metabolic disorders such as diabetes, 
cancer, obesity and cardiovascular diseases. Flavonoids possess anti diabetic activity which is consist of insulin secretion, carbohydrate 
digestion, insulin signaling and glucose uptake and play role in regulating the metabolism of serum lipid [12,50]. Hypericum oblon
gifolium is a beneficial medicinal plant, utilized traditionally for the cure of hepatitis, gastric ulcer, gastrointestinal disorders and 
external wounds. The phytochemical analysis of Hypericum oblongifolium shows that it contains saponin, tannins and flavonoids. A new 
antioxidant from Hypericum oblongifolium known as folicitin has been extracted [51]. It possesses anti-amyloidogenic effect and is 
potent antidepressant and anticholinesterase. The most important characteristic of flavonoids is that they have the ability to cross the 
blood brain barrier and that’s why its use for the treatment of Alzheimer disease will give substantial results [52]. Therefore current 
study focused on the neuroprotective ability of antioxidant flavonoid, folicitin, against Alzheimer disease as it is known to possess 
neuroprotective, anti-inflammatory, anti-oxidant and neurotropic roles [53]. This study also focused on evaluating the hypoglycemic 
and hypolipidemic capability of folicitin against scopolamine induced hyperglycemia and hyperlipidemia as to the best of our 
knowledge no study has been reported up till now regarding hypoglycemic and hypolipidemic effect of folicitin. 

2. Methodology 

2.1. Chemicals 

All the chemicals used in the current study were of analytical grade. Primary antibodies (Nrf-2, HO-1, PSD95, Phosphorylated c-Jun 
N- Kinase, SYP, β-actin) Sodium dodecyl sulfate (SDS), Scopolamine (Santa Cruz, CA, USA), Tetra methylene diamine (Temed), 
Ammonium per sulfate (APS) (Daejung Chemicals and Metals Co. Ltd, Korea), Tissue protein extraction reagent (T-PER), Methanol 
(Sigma Aldrich, Burlington, MA, United States), Skim Milk Powder (Oxoid Ltd, Basingstoke, UK), RNA wait (Beijing Solar bio Science 
and Technology Co. Ltd), Enhanced Chemiluminescence (ECL) solution A (Luminol) and solution B (Peroxide solution) and secondary 
antibody (anti-mouse) (Bio-Rad, United States) were bought while folicitin was gifted by Dr. Umar Farooq. 

2.2. Animal model 

Experiment was carried out on adult male mice of strain BALB/C (between 25 and 30 g) acquired from Veterinary Research 
Institute of Peshawar, Pakistan. Mice were brought to the animal section of the Neuro Molecular Medicine Research Centre (NMMRC), 
Ring Road, Peshawar, KPK, Pakistan and placed separately in cages (Biobase, China), a dark-light cycle of 12/12-h was maintained 
along with a steady room temperature of 25 ± ◦C and 60–65% humidity. Water and food was provided to them. 

2.3. Experimental groups and their drug treatment 

Mice were randomly placed into four groups i.e. n=5.  

1. Control group was given single saline dose (250 μL);  
2. Scopolamine treated group: Scopolamine (1 mg/kg) injected every day for 3 weeks  
3. Scopolamine (1 mg/kg) + Folicitin (20 mg/kg) treated group where scopolamine was given every day while folicitin for last 2 

weeks  
4. Folicitin treated group: Folicitin injected to the drug group for 5 days. 

Animals were injected intra peritoneally with great care. According to the considerations of the Act 1986 conducted for UK animals, 
care and treatment of the mice was carried out. Experimental procedures carried out on mice were approved (Ref. No. NMMRC/20/ 
2021) on 1st July 2021 by the ethics committee of NMMRC, Peshawar. 

2.4. Behavioral tests 

After giving injection for two weeks, behavioral tests of mice were conducted to know the memory of mice and to find out neu
roprotective capability of folicitin on the mice memory. 

2.4.1. Morris water maize 
This test was conducted for finding out the memory and spatial learning of the experimental groups. The equipment used for this 

test contained of a round water tank of around 100 cm in diameter and 40 cm in height. Mice were bought about 30 min before 
performing the test for acclimatization. Training was given to mice for first three days and escape latencies of the animals were 
recorded for 60sec to locate the immersed platform. In case of failing to find the platform, mice were directed towards the platform 
where they were rested for 10 s. This test was carried out for 5 days and the time was noted for all mice in search of platform. After 
resting for two days, the mice were allowed for probe test in which the mice have to search for the hidden platform and the time spent 
in the respective quadrant by all mice was noted down. 
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2.4.2. Y-maze test 
The equipment utilized for the conduction of Y-maze test consisted of three arms of 50 cm in length, 10 cm in width and 20 cm in 

height, placed at 120◦ angle from each other. This test was performed for assessing the innate ability of mice to analyze new sur
roundings. To progressively analyze the memory of mice, they should carry a successful record of recently explored arm and suc
cessively restores the record. Mice which have disturb memory shows decreased spontaneous alterations. For exploring and adapting 
to new environment, mice were trained for 2 days for 10 min at first. Then mice were permitted for 8 min to analyze the Y maze. The 
mice were kept at the junction of Y-maze to analyze its arms. The total arm entries were noted and percentage of the alternations was 
calculated by using the formula: 

2.5. Random blood glucose detection 

Blood glucose levels (mg/dl) of all experimental groups were checked randomly with (On Call Plus) glucometer. 

2.6. Glucose tolerance test (GTT) 

To measure glucose tolerance test, Mice were kept on fastening for 6 to 7 h. Glucose levels of blood were checked considered at 
0 time of all groups. 200 mg/kg dextrose was administered intra peritoneally to mice. The glucose levels of the mice were checked after 
the interval of 15 min, 30 min, 60 min, 120 min and 180 min. 

2.7. Mice sacrifice and collection of brain proteins 

After drug administration and performance of behavioral and blood glucose tests, mice were subjected to decapitation and their 
brains were collected with great caution and placed in a 1:1 solution of phosphate buffer saline and RNA wait for 60 s to restrict 
modifications in protein. Samples were subjected to homogenization through homogenizer machine by putting them in T-PER solution 
after which, centrifugation in Eppendorf centrifuge machine was carried out for 25 min on 14000 rpm speed and 4 ◦C. Supernatants 
were collected as a result of centrifugation whose absorbance was measured at 595 nm by use of UV Spectrometer as to examine 
proteins for SDS-PAGE. 

2.8. Sample collection for lipid profile test 

Amount of lipids of each experimental group was examined via the collection of blood samples which were transferred to eppendorf 
tubes at the time of decapitation during sacrifice. For serum extraction, these samples were centrifuged at 14000 rpm speed and 4 ◦C 
for 20 min. 

2.9. Serum biochemical analysis 

Hyperlipidemia was caused by scopolamine which caused serum lipid level to rise hence the effect of folicitin to lower the serum 
lipid level could be evaluated. Four major types of lipids were found in the serum i.e. total cholesterol (TC), triglycerides (TG), high- 
density lipoprotein (HDL), and low-density lipoprotein (LDL) which were analyzed by the use of Easy Tech kit (Clinical Chemistry 
Analyzer) keeping in view its protocol. 

2.10. Western blot analysis 

Protein samples’ loading was done in order to perform 12–15% SDS PAGE. For the identification of the molecular weight of 
proteins, a pre-stained protein marker (Gang Nam-STAIN™, iNtRon Biotechnology, Inc., Seongnam, Korea) was utilized as a guide 
during the study. This protein marker included a wider range of molecular weights i.e. 10 –245 kDa. Then, transfer of proteins to PVDF 
membrane (Santa Cruz Biotechnology, Santa Cruz, CA, USA) was done through Semi Dry Trans-Blot (Bio Rad). Next to it, primary 
antibodies including HO-1, Nrf-2, PSD95, SYP, p-JNK and β-actin (Table 1) were applied at 4 ◦C overnight for the detection of various 
proteins after which, 5% (w/v) skim milk for blocking the membranes from the attachment of non-specific proteins was used. It was 
followed by rinsing the blots and incubating them at room temperature with anti-mouse secondary antibody for 2 h. Visualization of 

Table 1 
List of primary and secondary antibodies with catalog numbers.  

S.# Antibodies Name Catalogue # 

1 Anti–HO–1 sc-136960 
2 Anti-Nrf-2 sc-365949 
3 Anti-PSD95 sc-71933 
4 Anti-SYP sc-17750 
5 Anti-p-JNK sc-6254 
6 Anti-β actin sc-47778 
7 Goat anti-mouse (IgG-HRPs) secondary antibodies W4028  
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membranes was done using ECL and the achieved results were developed on X-ray films that were scanned later. 

2.11. Statistical analysis 

Scanned X-rays were undergone through computer based software’s for carrying out statistical analysis. For performing student t- 
test and one-way ANOVA, Prism 6 (Graph Pad Software, San Diego, CA, USA) was applied. Densitometry analysis for the scanned X- 
rays was done to know the optical densities of Western blot and immunofluorescence images via Image J program. Proteins densities 
were shown as the mean ± S.E.M in arbitrary units (A.U.s). # showed significant difference between control and scopolamine while * 
showed significant difference between scopolamine and scopolamine plus folicitin-treated group. *, #P < 0.05, **, ##P < 0.01, ***, 
###P < 0.001. P < 0.05 was considered a statistically significant value. 

3. Results 

3.1. Folicitin improved the scopolamine induced memory impairment in adult male albino mice 

MWM test results have illustrated that the control group mice arrived to the platform on day 1st till day 5th in a very short time 
hence their performance increased from day 1 to day 5 and their mean escape latencies were decreasing. In contrast to control group, 
the scopolamine-injected group reached the platform on day 1st while on the following days, they took more time than control group 
hence their day by day there performance was decreasing meaning that their memory was impaired. The scopolamine plus folicitin- 
injected group took smaller time in contrast to alone scopolamine-injected group and their day by day performance was also increasing 
hence there was decrease in their mean escape latency time showing the recovery of memory impairment induced by scopolamine 
while only folicitin-injected group have also demonstrated good performance and their mean latency time was decreasing (Fig. 1-A). 

In the probe test, it was found that the control group mice spend more time in target quadrant due to good condition of their 
memory The scopolamine-injected mice have impaired memory that’s why they spent lesser time in target quadrant. The scopolamine 
plus folicitin-treated mice also spent more time in the target quadrant indicating the reversal of the memory deficits caused by 
scopolamine. Only folicitin-treated group have also demonstrated good results by consuming more time in target quadrant (Fig. 1-B). 

In Y-maze test, the highest spontaneous alternation percentage was found in control group. In comparison to control group, the 
scopolamine-injected group has shown least spontaneous alteration percentage while in contrast to this group, the scopolamine plus 
folicitin-injected group has demonstrated high percentage of spontaneous alteration. The folicitin injected group has shown high 
spontaneous alteration percentage (Fig. 1-C). 

3.2. Folicitin reduced hyperglycemia induced by scopolamine in adult male albino mice 

According to the random blood glucose test results, control group has shown lowest amount of glucose while highest concentration 
of glucose was seen in scopolamine-treated group. Folicitin plus scopolamine has shown reduced glucose level in the blood when 
compared with scopolamine-treated group. Only folicitin-injected group has also expressed decreased glucose level in the mice blood 

Fig. 1. 1-A showed the mean escape latency (seconds) of all the experimental groups of Morris Water Maze test. 1-B showed the probe test results of 
all the experimental groups. 1-C showed results of the Y-maze test for spontaneous alterations percentage of each group. 
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(Fig. 2-A). 
These results were further confirmed by performing glucose tolerance test. Between 0 level and 180 min, the blood glucose level of 

scopolamine-treated group have shown highest level of glucose among all the groups while scopolamine plus folicitin-treated group 
has shown a reduced amount of glucose compared with scopolamine-treated group. Same appeared in case of only folicitin-injected 
group which have also illustrated low concentration of glucose in the mice blood. Therapeutic efficacy of folicitin has been confirmed 
from these results against hyperglycemia induced by scopolamine in mice (Fig. 2-B). 

3.3. Decrease of serum lipid content by folicitin in adult male albino mice 

For the evaluation of hypolipidemic capability of folicitin, lipid profile test was carried out. HDL content of serum was high in 
control group while lowest in scopolamine-treated group whose effect was reversed by folicitin as noticed in scopolamine plus folicitin- 
injected group by increasing the serum HDL level (Fig. 3-A). The LDL content of serum was greatly increased by scopolamine as seen in 
scopolamine-injected group in comparison to control group which was lowered by folicitin as seen in scopolamine plus folicitin 
injected group (Fig. 3-B). Total cholesterol level was also elevated by scopolamine as seen in scopolamine injected group compared to 
control group which was reversed by folicitin as shown in scopolamine plus folicitin injected group by decreasing this increase when 
compared to scopolamine-treated group (Fig. 3-C). Serum content of Triglycerides was also elevated in scopolamine-treated group 
compared to all other groups which were reversed by folicitin as seen in scopolamine plus folicitin-treated group (Fig. 3-D). These 
results concluded that folicitin possess hypolipidemic effects. 

3.4. Oxidative stress induced by scopolamine is reduced by folicitin via up-regulating Nrf-2/HO-1 pathway in adult male albino mice 

To prevent nerve cells from the oxidative stress, Nrf-2/HO-1 pathway is described to play a critical role. Reactive oxygen species 
inhibition by Nrf-2 occurs by introducing phase-2 detoxifying enzymes including HO-1 [54]. Therefore, to explore potential 
anti-oxidant effect of folicitin against oxidative stress induced by scopolamine, the current study was carried out in which, oxidative 
stress was generated in mice by through scopolamine treatment for three weeks. The immune blot results showed that scopolamine 
caused inhibition of Nrf-2/HO-1 while folicitin increased the expression of these proteins as seen in scopolamine, and scopolamine plus 
folicitin-injected groups, thus reduced the oxidative stress (Fig. 4-A–C). The expression of Nrf-2 and HO-1 in only folicitin-injected 
group indicates that this drug is safe and possesses anti-oxidant potential. 

3.5. Phosphorylated c-jun N- kinase (p-JNK) inhibition by folicitin in male albino mice 

Main factor for the regulation of apoptosis signaling is the activation of phosphorylated JNK pathway that’s why it is crucial for 
pathological cell death related with neurodegenerative disease pathologies such as Alzheimer disease. JNK’s particularly JNK3 ele
vates amyloid beta production neurodegenerative disease as well as neurofibrillary tangles maturation and growth. The higher 
expression of p-JNK decreases the expression of Nrf-2 and HO-1 which results in the impairment of memory and oxidative stress which 
leads to Alzheimer disease [55]. 

In current study, scopolamine administration increased the p-JNK expression while decreased HO-1 and Nrf-2 in contrast to control 
group. In comparison with scopolamine, folicitin significantly inhibited p-JNK and up-regulated HO-1 and Nrf-2 to reduce the 
oxidative stress and associated memory impairment caused by scopolamine as seen in folicitin plus scopolamine-injected group while 

Fig. 2. 2-A showed the depiction of random blood glucose levels of all the experimental mice models. 2-B illustrated the glucose tolerance test 
results of all experimental groups over time i.e. from 0 level to 180 min. Scopolamine-treated group in comparison to all other groups expressed high 
level of glucose in blood while scopolamine plus folicitin-injected group showed less concentration of blood glucose elucidating the neuroprotective 
capability of folicitin. 
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only folicitin-treated group also reduced the expression of p-JNK pathway leading to reversal of the memory impairment (Fig. 5-A, -B). 

3.6. Folicitin improved pre-synapse and post synapse in adult male albino mice 

Scopolamine is known to cause synaptic toxicity [28]. To illuminate the synaptic improvement potential of folicitin against 
scopolamine-induced synaptic toxicity, the expression of pre and post-synapse protein was evaluated in brain homogenates of all the 

Fig. 3. High serum lipid content i.e. HDL, LDL, total cholesterol and Triglycerides caused by scopolamine was reduced by folicitin as seen in 
scopolamine and scopolamine plus folicitin-treated groups while their levels were statistically compared among control, scopolamine and 
scopolamine plus folicitin-treated groups. 

Fig. 4. 4-A represented the western blot results of both antioxidant enzymes i.e. Nrf-2 and HO-1. Beta actin was used as standard. 4-B showed the 
expression of Nrf-2 in the four experimental groups. The Nrf-2 level was lowered in scopolamine-injected group compared to control group while in 
scopolamine plus folicitin-treated its expression was up-regulated. 4-C showed the HO-1 expression in all the groups of mice. In comparison to 
control group, HO-1 expression was also suppressed in scopolamine-treated group which was up-regulated in scopolamine plus folicitin- 
treated group. 
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four groups of mice. The results of Western blot Fig. (6-A) as well as the bar graphs (6-B, 6-C) showed that folicitin reduced synaptic 
toxicity significantly by increasing the pre and post-synapse proteins expression. Control group has shown higher expression of pre and 
post-synaptic proteins i.e. SYP and PSD95 which was reduced by scopolamine in scopolamine-injected group while the folicitin 
treatment reversed the toxic effect of scopolamine by high expression of pre and post-synapse proteins as seen in scopolamine plus 
folicitin-injected group. 

4. Discussion 

In current study the therapeutic capability of folicitin, one of the major compounds of the hypericum oblongifolium has been 
evaluated against scopolamine induced Alzheimer disease, hyperglycemia and hyperlipidemia. In present study it has been confirmed 
that folicitin abrogated synaptic loss and memory impairment via up regulating the expression of Synaptophysin and PSD95. It also 
eliminated scopolamine induced oxidative stress mediated AD via up regulating Nrf-2 and HO-1 while lowering the expression of 
pJNK. Besides this, current study also proved that folicitin has hypoglycemic and hypolipidemic capability against scopolamine 
induced hyperglycemia and hyperlipidemia. All these results revealed that folicitin might be a promising lead in therapeutic drugs 
designing for various disorders as it is a potential antioxidant, hormone modifier and have neuroprotective ability [49,51,56]. 

Scopolamine was used in current study to generate oxidative stress and synaptic loss in mice as it has been used for evaluating 
therapeutic potential of drugs in the experimental model of neurodegenerative disease to find anti demential drugs [57,58]. In current 
study, after giving drug treatment to the mice their memory and learning was assessed by conducting Y-maze and Morris water maze 
test. Scopolamine reduced the spontaneous alteration score of mice compared to control group while it was increased in folicitin plus 
scopolamine injected and in only folicitin injected group. The folicitin administration reduced the escape latency time day by day while 

Fig. 5. Protein immune blot results (5-A) of p-JNK, and beta actin and respective bar graph of p-JNK (5-B) for the treatment groups. P-JNK pathway 
was up-regulated in scopolamine-treated group compared to the control group which was down-regulated by folicitin as seen in scopolamine plus 
folicitin-injected group and folicitin-treated group. 

Fig. 6. Folicitin improved the pre-synaptic and post-synaptic proteins expression. Above are the results of immune blots (6-A) of SYP and PSD95 
accompanied by the bar graphs (6-B) and (6-C) for all the three experimental groups. The standard used was beta actin. The protein bands were 
quantified with image J software. 
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in the case of scopolamine injected mice this difference was very little. From day to day reduction in escape latency represents 
reference memory in the first trail, while working memory is represented from first trial to second trial [57,59,60,61]. These findings 
showed that folicitin has the ability to effectively prevent the memory impairment induced by cholinergic and muscarinic receptors 
blockade. 

Current study also revealed the hypoglycemic potency of folicitin which was confirmed by the blood glucose level and by the results 
of glucose tolerance test. Blood glucose level of scopolamine treated group was high compared to control group while it was decreased 
in scopolamine plus folicitin and only folicitin treated group. Extracts from Bauhinia forficate, kaempferol, has reduced glucose level of 
plasma in diabetic rats, enhanced glucose uptake and lowered hyperglycemia, mimicking the action of insulin, it’s another extract N- 
butanol also lowered blood glucose level in alloxan induced diabetic rats [62,63]. Quercetin is also involved in homeostasis of glucose 
[64]. Another phytochemical drug i.e. rutin significantly lowered fasting blood glucose in streptozotocin induced diabetic models of 
rats [65]. 

Intraperitoneal administration of folicitin to scopolamine induced hyperlipidemic mice has been shown to be capable of reducing 
serum lipid content. Research work of You et al. [66], reported that administration of flavonoids to the hyperlipidemic mice reduced 
LDL, triglycerides, total cholesterol and increases HDL. In accordance with the results of current study, research of Feng et al. [67], 
reported that the administration of flavonoids to hyperlipidemic rats were greatly effective in showing hypolipidemic effect. Work 
done by Sun et al. [68], also reported similar results. Results of another study reported that HDL function is improved by flavonoids 
through their effects on cellular antioxidant status and inflammation as they might initiate antioxidant defense of the cell through 
Nrf-2/HO-1 pathway and these antioxidant properties of flavonoids show great HDL content improving and functioning potential [69]. 

The neuroprotective capability of folicitin against scopolamine induced oxidative stress was further evaluated by the Nrf-2, HO-1 
and pJNK proteins expression. Many studies have reported that oxidative stress play role in the pathological characteristics of 
neurodegenerative disease including Alzheimer disease [58,70,71]. Degradation of heme is catalyzed by HO-1, a key antioxidant 
enzyme which then leads to the production of carbon monoxide and biliverdin, which abrogates the oxidative stress induced 
neurodegenerative disease [72]. Inducing of antioxidants and phase 2 detoxification enzymes such HO-1 is done by Nrf-2, a redox 
sensitive transcription factor [73,74,75,76]. 

In scopolamine induced Alzheimer disease mice, level of HO-1 and Nrf-2 was significantly reduced. Several other studies have 
reported reduced expression of these antioxidant enzymes in scopolamine induced neuropathology [77,78]. Nrf-2 and HO-1 expression 
was up regulated in scopolamine plus folicitin and only folicitin injected mice. Results of the current study are consistent with the study 
of Prosman et al. [79] who confirmed that Pinocembrin can abrogate oxidative stress via Nrf-2/HO-1 induction in rats. Naringenin, a 
potential antioxidant also reported to possess neuroprotective effect through Nrf-2/HO-1 pathway [80]. According to the results of 
another study neuroprotective ability of k compound (obtained from red ginseng) was finished in Nrf-2 knockout mice [81]. Other 
natural flavonoids such as Icariin, Sophora flavanone and Tiliroside displayed neuroprotective properties by ameliorating oxidative 
stress via the up regulation of Nrf-2/HO-1 pathway [82,83,84]. Overall, findings of our study showed that folicitin possess a powerful 
neuroprotective effect and have potency for the treatment of Alzheimer disease as a drug in future. 

pJNK is a family of serine-threonine kinase proteins whose phosphorylation is involved in neuronal death and play key roles in the 
pathology of Alzheimer disease such as it accumulates in the structure of NFT’s and then play an important role in the maturation of 
these tangles in Alzheimer disease indirectly [85,86,87,88,89,90,91]. The pJNK expression was elevated in scopolamine treated group 
in comparison to control group while it was down regulated in the folicitin plus scopolamine and only folicitin injected group. Many 
studies reported that there was an elevated pJNK expression in the brains of Alzheimer disease patients and showed positive 
co-localization with amyloid beta disposition [92,93]. Minogue et al. [94], reported that those neurons will be protected from 
apoptosis inducing stress which lack the expression of pJNK. Research work of Qureshi et al. [95], also reported that activation of Jnk3 
cause neuronal death which leads to the pathology of Alzheimer disease. Phosphorylated JNKs inhibition is an engaging therapeutic 
strategy which is investigated with extensive current efforts from pharmaceutical industry. Several flavonoids have shown to obstruct 
JNK activity [96]. Administration of epicatechin demonstrated a clear inhibition of LDL-induced JNK [97]. Flavonoid Luteolin also 
inhibited LPS-mediated phosphorylation of JNK [98]. The complete JNK phosphorylation inhibition by flavonoids suggests that these 
polyphenolic compounds may have powerful anti-apoptotic actions in neurons. 

Flavonoids, compounds of natural origin actively support neuroplasticity, synaptogenesis and neurogenesis [99,100]. Therefore 
present study also evaluated the reversal of synaptic loss in terms of the expression of presynaptic protein synaptophysin and post 
synaptic protein, PSD95 in scopolamine induced Alzheimer disease mice by folicitin administration. In Alzheimer disease the loss of 
synapse is related with the cognition memory and impairment but the molecular mechanism is not known for this loss yet fully [20, 
101]. Immunohistochemicle studies and electron microscopy have shown that in Alzheimer disease, the synaptic pathology initiates 
from presynaptic terminal and then progresses to postsynaptic terminals. It is evident from the progressive damage in the presynaptic 
protein synaptophysin and is believed the best brain correlate of cognitive decline in human Alzheimer disease [55,102,103]. The level 
of synaptophysin and PSD95 decreased in scopolamine induced Alzheimer disease mice in comparison to control group while it was up 
regulated in the scopolamine plus folicitin and only folicitin injected mice. Studies have shown that the level of synaptophysin 
decreased with amyloid beta disposition, progressive aphasia and dementia [104,105,106,107]. PSD95 is an important post synaptic 
protein which is required for the structure and function of brain cells [29]. Studies reported a great loss of postsynaptic marker PSD95 
compared to the synaptophysin protein [108,109]. Many other studies reported reduced level of PSD95 protein expression in Alz
heimer disease mouse model and patients [9,30,104,110,111,112]. In contrast, other two studies showed that the level of PSD95 was 
high during Alzheimer disease [113]. A study reported that Icariin up regulated the expression of PSD95 and synaptophysin in mouse 
model of traumatic brain injury [114]. Quercetin-3-O-galactoside also up regulates the expression of presynaptic protein synapto
physin [115]. Hesperidin promotes synaptogenesis and remarkably up regulated synaptophysin and PSD95 protein [116]. 
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5. Conclusion 

Oxidative stress induced by scopolamine is reduced by folicitin via up regulating Nrf-2/pJNK pathway and improved the memory 
in mice. Current study also reported that folicitin abrogates scopolamine induced synaptic loss by upregulating the expression of 
synaptophysin and PSD95 protein. It is also reported for the first time that folicitin possess hypoglycemic and hypolipidemic capability 
against scopolamine induced hyperglycemia and hyperlipidemia. These findings suggest that folicitin is a potential candidate for 
mitigating scopolamine induced Alzheimer disease, hyperglycemia and hyperlipidemia. 

6. Recommendations 

Although neuro protective and anti-oxidative effect of folicitin has analyzed against oxidative stress induced by scopolamine in 
adult male mice, the study is complete in a sense but we recommend for further investigation that there should be some transgenic mice 
in which Nrf-2 or pJNK are mutated. We also recommend cell culture to check the exact pathway of folicitin against scopolamine 
induced oxidative stress and synaptic loss which leads to memory impairments. Further in detailed investigation should be carried out 
regarding the hypoglycemic effect of folicitin and its possible mechanism pathway in a mice model over a time sufficient for the 
conversion of hyperglycemic condition to diabetes. 
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