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Abstract
Neuroinflammation is recognized as an important pathogenic factor for aging and related cognitive disorders. Mitogen-activated protein 
kinase and nuclear factor kappa B signaling pathways may mediate neuroinflammation. Saponins from Panax japonicus are the most 
abundant and bioactive members in rhizomes of Panax japonicus, and show anti-inflammatory activity. However, it is not known whether 
saponin from Panax japonicus has an anti-inflammatory effect in the aging brain, and likewise its underlying mechanisms. Sprague-Dawley 
rats were divided into control groups (3-, 9-, 15-, and 24-month-old groups) and saponins from Panax japonicus-treated groups. Saponins 
from Panax japonicus-treated groups were orally administrated saponins from Panax japonicus at three doses of 10, 30, and 60 mg/kg once 
daily for 6 months until the rats were 24 months old. Immunohistochemical staining and western blot assay results demonstrated that 
many microglia were activated in 24-month-old rats compared with 3- and 9-month-old rats. Expression of interleukin-1β, tumor necrosis 
factor-α, cyclooxygenase-2, and inducible nitric oxide synthase increased. Each dose of saponins from Panax japonicus visibly suppressed 
microglial activation in the aging rat brain, and inhibited expression levels of the above factors. Each dose of saponins from Panax japon-
icus markedly diminished levels of nuclear factor kappa B, IκBα, extracellular signal-regulated kinase, c-Jun N-terminal kinase, and p38. 
These results confirm that saponins from Panax japonicus can mitigate neuroinflammation in the aging rat brain by inhibition of the mito-
gen-activated protein kinase and nuclear factor kappa B signaling pathways. 
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Introduction
Neuroinflammation is associated with the onset and evolu-
tion of many dementia-related neurodegenerative disorders 
(Lu et al., 2011). Furthermore, it is characterized by increased 
microglial activation and often accompanied by upregulation 
of inflammatory cytokines, such as tumor necrosis factor 
(TNF-α) and interleukin-1β (IL-1β) (Ownby, 2010; Hein 
et al., 2012). Many studies have shown the appearance of 
neuroinflammatory changes with aging, even in the healthy 
brain. These accumulative changes can be neurotoxic and 
alter important neuronal functions, ultimately contributing 
to the pathogenesis of neurodegenerative disorders (McGeer 
et al., 2004; Gemma et al., 2007; Lynch MA, 2010; Pizza et al., 
2011). 

It is well known that microglial cells are the resident brain 
macrophages, and the first line of defense against central 
nervous system injury and microbial invasion (Pierre, 2017). 
Accumulating evidence indicates that microglia activation in 
aging models results in proinflammatory cytokine secretion, 
which leads to subsequent neuronal damage and synaptic and 
cognitive impairment (Bardou et al., 2013; Farso et al., 2013). 
Thus, inhibition of microglial activation and the resultant neu-
roinflammation is a promising strategy for alleviating inflam-
mation-related neurodegenerative disease (Liu et al., 2003).

Rhizoma Panacis japonica, a common traditional herbal 
medicine, is the dried rhizome of Panax japonicus, and widely 
used by the Hmong and Tujia people of China. In the plant 
kingdom, it belongs to the Araliaceae Panax family. It is wide-
spread throughout Japan and southwest China and some ethnic 
minority groups, and is used as a substitute for Ginseng root (Li 
et al., 2012). Saponins from Panax japonicus (SPJ) are the bio-
active rhizome component of Panax japonicus, and can easily 
be obtained (Ou et al., 2010). There are dammarane-type and 
oleanolic acid-type saponins, which mainly contain oleanolic 
acid alkane pentacyclic triterpenes (Zou et al., 2002). Moreover, 
SPJ has been shown to have many pharmacological effects, such 
as anti-fatigue, anti-apoptosis, antioxidant, and anti-inflamma-
tion (Yamahara et al., 1987; Qian et al., 2008; Li et al., 2010). A 
previous study suggested that SPJ exerts an anti-inflammatory 
effect in lipopolysaccharide-stimulated RAW 264.7 cells, main-
ly via inhibition of p38, extracellular signal-regulated kinase 
1/2 (ERK1/2), mitogen-activated protein kinase (MAPK), and 
nuclear factor kappa B (NF-κB) activation (Dai et al., 2014). SPJ 
has also been shown to attenuate D-galactose-induced cognitive 
impairment by anti-apoptotic and anti-oxidative effects in rats 
(Wang et al., 2015). However, whether SPJ has an anti-inflam-
matory effect during brain aging, and correspondingly, the un-
derlying mechanisms remain unknown. Here, our study aimed 
to investigate age-related neuroinflammatory changes and the 
effect of SPJ on neuroinflammation during natural brain aging, 
as well as potential mechanisms.

Materials and Methods
Animals  
Seventy male specific-pathogen-free Sprague-Dawley rats 
weighing 180–200 g were obtained from the Laboratory 
Animal Center of China Three Gorges University of China 

(license No. SCXK (E) 2012-0001). Rats were housed under 
standard conditions in controlled humidity (50 ± 10%) and 
temperature (23 ± 3°C) conditions, and a 12-hour light/dark 
cycle with free access to water and food. 

The study protocol was approved by the Animal Ethics 
Committee of China Three Gorges University (approval No. 
2012030D). The experimental procedure followed the United 
States National Institutes of Health Guide for the Care and 
Use of Laboratory Animals (NIH Publication No. 85-23, re-
vised 1986).

Preparation of SPJ 
Fresh Panax japonicus was obtained from the Enshi Chun-
muying Medicinal Materials Planting Base (Enshi, China), and 
authenticated by Dr. Kun Zou from Hubei Key Laboratory of 
Natural Products Research and Development (China Three 
Gorges University, Yichang, Hubei Province, China). SPJ ex-
traction and analysis has been previously reported (He et al., 
2012). Briefly, dried Panax japonicus root (1 kg) was crushed 
and extracted three times with 10 L of 60% ethanol by recircu-
lation for 2 hours. The ethanol extract (extract rate 58%) was 
then dissolved in distilled water and further extracted sepa-
rately with petroleum ether, ethyl acetate, and n-butanol. The 
n-butanol extract (extract rate 37%) was redissolved in water, 
passed through a chromatographic column containing mac-
roporous adsorption resin (D101; Tianjin Pesticide Factory, 
Tianjin, China), rinsed with water, and then eluted with 30%, 
60%, and 90% ethanol in water to produce three fractions. The 
90% fraction was defined as the refined n-butanol extract. Re-
fined n-butanol extract (extract rate 16.8%) was redissolved in 
water at a concentration of 10 mg/mL and diluted with meth-
anol-water to 1 mg/mL. High performance liquid chromatog-
raphy analysis was performed using a SEYMC-Pack ODS-AQ 
column (4.6 mm × 250.0 mm, 5 µm). The sample was eluted 
with mobile phases of acetonitrile (A) and 0.4% phosphate 
solution (B) at a flow rate of 1.0 mL/min. The system was run 
with a gradient program: 0–5 minutes, 5% A; 5–20 minutes, 
5–30% A; 20–30 minutes, 30% A; 30–50 minutes, 30%–85% A; 
and 50–60 minutes, 85% A. Sample injection volume was 10 
μL, with an ultraviolet detector used for detection.

Drug administration 
Sprague-Dawley rats were divided into control groups (3-, 
9-, 15-, and 24-month-old groups) and SPJ-treated groups, 
with 10 individuals in each group. For SPJ-treated groups, 
18-month-old rats were orally administrated SPJ at three dos-
es of 10, 30, or 60 mg/kg once daily for 6 months until they 
were 24 months old. Rats in the 3-, 9-, 15-, and 24-month-
old control and SPJ-treated groups were rapidly decapitated. 
Prefrontal cortex and hippocampal tissue were harvested and 
stored at −80°C for analyses. 

Immunohistochemical staining
Brain tissue was embedded in paraffin, cut into 5 µm thick 
sections, deparaffinized in xylene, and rehydrated with graded 
alcohol. Citrate buffer (pH 6.0) was used for antigen retrieval, 
with brain sections incubated for 5 minutes at 95–100°C in a 
water bath. After cooling and incubating with 5% bovine se-
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rum albumin for 20 minutes to block endogenous peroxidase 
activity, goat polyclonal anti-ionized calcium-binding adapter 
molecule 1 (Iba1) primary antibody was used (diluted 1:200 
in PBS solution; Abcam, Cambridge, UK) to identify microg-
lia, with sections incubated overnight at 4°C in a humidified 
chamber. After washing three times with PBS, polyvalent 
biotinylated donkey anti-goat IgG (H + L) secondary anti-
body (diluted 1:2,000; KPL Company, Maryland, WA, USA) 
was added for 20 minutes at room temperature, followed by 
incubation with streptavidin peroxidase for 20 minutes. Sub-
sequently, 3,3′-diaminobenzidine was used as the chromogen 
for color development. Finally, sections were counterstained 
with hematoxylin for 2 minutes, dehydrated, cleared in xylene, 
and fixed in mounting media. In five consecutive sections, 
1,500 µm2 of the same area was examined using an TP1020 
inverted fluorescence microscope (Leica, Wetzlar, Germany). 
Semi-quantitative evaluation was performed using the Photo 
and Image Autoanalysis System (Leica), with a person who 
was blinded to the experiment.

Western blot assay 
Total protein and nuclear protein were extracted from the 
prefrontal cortex and hippocampus using the Total Protein 
Extraction Kit (P1250; Applygen Technologies Inc., Beijing, 
China) and Nuclear and Cytosol Fractionation Kit (P1200; 
Applygen Technologies Inc.), respectively, in accordance with 
the manufacturer’s instructions. A bicinchoninic acid pro-
tein assay kit was used to determine protein concentration. 
Samples (50 μg each protein) were separated by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene fluoride membranes by electropho-
retic transfer. After blocking in 5% nonfat milk in Tris-buff-
ered saline with Tween for 1 hour at room temperature, 

membranes were incubated at 4°C overnight with primary 
antibodies. The primary antibodies used were TNF-α (goat 
polyclonal antibody, diluted 1:500; Santa Cruz Biotechnolo-
gy, Santa Cruz, CA, USA), IL-1β (rabbit polyclonal antibody, 
diluted 1:500; Santa Cruz Biotechnology), inducible nitric 
oxide synthase (iNOS) (mouse monoclonal antibody, diluted 
1:500; Santa Cruz Biotechnology), cyclooxygenase-2 (COX-2) 
(rabbit monoclonal antibody, diluted 1:1,000; Cell Signaling, 
Danvers, MA, USA), NF-κB p65 (mouse monoclonal anti-
body, diluted 1:1,000; Cell Signaling), lamin A (rabbit poly-
clonal antibody, diluted 1:1,000; Santa Cruz Biotechnology), 
phospho-NF-κB (p-NF-κB) p65 (rabbit polyclonal antibody, 
diluted 1:1,000; Cell Signaling), phospho-inhibitor of kappa B 
(p-IκBα) (mouse monoclonal antibody, diluted 1:1,000; Cell 
Signaling), IκBα (rabbit monoclonal antibody, diluted 1:1,000; 
Cell Signaling), ERK (rabbit polyclonal antibody, diluted 
1:500, Santa Cruz Biotechnology), phospho-ERK (p-ERK) 
(mouse monoclonal antibody, diluted 1:500; Santa Cruz 
Biotechnology), c-Jun N-terminal kinase (JNK) (rabbit poly-
clonal antibody, diluted 1:1,000; Cell Signaling), phospho-c-
Jun N-terminal kinase (p-JNK) (rabbit monoclonal antibody, 
diluted 1:1,000; Cell Signaling), p38 (rabbit polyclonal anti-
body, diluted 1:1,000; Cell Signaling), phospho-p38 (p-p38) 
(rabbit monoclonal antibody, diluted 1:1,000; Cell Signaling), 
and β-actin (mouse monoclonal antibody, diluted 1:1,000; 
Santa Cruz Biotechnology). Afterwards, horseradish peroxi-
dase-conjugated anti-rabbit or anti-mouse IgG was incubated 
for 1 hour at room temperature. Target protein bands were 
observed by enhanced chemiluminescence on Kodak film. 
Relative protein levels were quantified by scanning densi-
tometry and analyzed by ImageJ software (Materialize NV, 
Leuven, Belgium). Results were normalized to gray values of 
β-actin or lamin A expression in each group. 

 A   

Figure 1 Effect of SPJ on microglia morphology (Iba-1-
immunoreactive cells) in the cortex and hippocampus of aging rats . 
(A) Microglia morphology was observed by immunohistochemistry us-
ing a TP1020 inverted fluorescence microscope (original magnification, 
400×). Red arrows indicate microglia activation. (B) Quantification of 
activated microglia in prefrontal cortex and hippocampal CA1, CA3, 
and dentate gyrus regions. **P < 0.01, vs. 3-month-old group; ##P < 
0.01, vs. 24-month-old group (mean ± SD, n = 5, one-way analysis of 
variance followed by the least significant difference post hoc test). 3-, 
9-, 15-, and 24-month-old groups (intragastric saline); SPJ was admin-
istrated at 10, 30, and 60 mg/kg once daily for 6 months until the rats 
were 24 months old. SPJ: Saponins from Panax japonicus; M: months. 
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Statistical analysis
Data are expressed as the mean ± SD. All statistical analyses 
were performed using GraphPad Prism 10.0 for the Macin-
tosh software (GraphPad Software, San Diego, CA, USA). Dif-
ferences between groups were examined by one-way analysis 
of variance. Post hoc testing was performed for inter-group 
comparisons using the least significant difference test. P < 0.05 
was considered statistically significant.

Results
SPJ inhibited microglial activation in the cortex and 
hippocampus of aging rats
Microglia activation was detected by immunohistochemistry of 
Iba-1 protein, which is a specific microglia marker. In the pre-
frontal cortex and hippocampal CA1, CA3, and dentate gyrus 
regions, we found that aging induced microglial activation, as 
displayed by an irregular shape, enlarged cell size, thickened 
and shortened processes, and intensified Iba1 immunostain-
ing density (Figure 1A; P < 0.01). Furthermore, Iba-1-posi-
tive cell number increased gradually with aging. Compared 
with 3-month-old rats, the number of activated microglia in 
24-month-old rats increased 4.1-times, 3.7-times, 4.8-times, 
and 7.3-times in the prefrontal cortex and hippocampal CA1, 
CA3, and dentate gyrus, respectively (Figure 1B; P < 0.01). 
Conversely, SPJ treatment mitigated these morphological 
changes in activated microglia, and reduced the number of 
activated microglia in the prefrontal cortex and hippocampal 
regions compared with 24-month-old rats.

SPJ suppressed TNF-α and IL-1β protein levels in the 
cortex and hippocampus of aging rats
To investigate the effect of SPJ on proinflammatory cytokine 
expression in aging rats, IL-1β and TNF-α protein expression 
was detected by western blotting. Our results show an age-re-
lated increase in IL-1β and TNF-α protein levels in the cortex 
and hippocampus. Compared with the 3-month-old group, 
TNF-α protein levels in 24-month-old rats increased 3.6-fold 
and 4.5-fold in the cortex and hippocampus, respectively (P 
< 0.01). Similarly, IL-1β protein levels increased in the same 
regions of 24-month-old rat brain by 3.3-fold and 6.5-fold, 
respectively (P < 0.01). While SPJ treatment significantly at-
tenuated the increased IL-1β and TNF-α protein expression 
levels in aging rats (Figure 2; P < 0.01 or P < 0.05). These data 
demonstrate that SPJ inhibits production of proinflammatory 
cytokines such as TNF-α and IL-1β in aged rats.

SPJ attenuated iNOS and COX-2 protein levels in the 
cortex and hippocampus of aging rats
Protein levels of iNOS and COX-2 increased age-dependently 
in the cortex and hippocampus (Figure 3). Compared with the 
3-month-old group, iNOS protein levels in the cortex and hip-
pocampus of the 24-month-old group increased 2.9-fold and 
2.5-fold, respectively (P < 0.01). Similarly, COX-2 protein levels 
increased 6.1-fold and 11.8-fold in the cortex and hippocam-
pus, respectively, of 24-month-old aging rats. After SPJ treat-
ment for 6 months (P < 0.01), iNOS and COX-2 protein levels 
decreased significantly in the 24-month-old group compared 
with the 24-month-old non-SPJ treatment group (P < 0.01 or P 

< 0.05). These findings demonstrate that SPJ inhibits expression 
of inflammatory mediators such as COX-2 and iNOS. 

SPJ inhibited the NF-κB signaling pathway in the cortex 
and hippocampus of aging rats
Previous studies have suggested that NF-κB activation is de-
tected in microglia and contributes to neuroinflammation 
(Kaur et al., 2015; Park et al., 2015). To determine whether the 
NF-κB signaling pathway is involved in the anti-neuroinflam-
matory effect of SPJ on aging rats, we examined nuclear NF-
κBp65 and p-NF-κBp65 protein levels by western blot assay. 
Nuclear NF-κBp65 and p-NF-κBp65 protein levels were both 
enhanced age-dependently in the cortex and hippocampus 
(Figure 4). Compared with 3-month-old rats, nuclear NF-
κBp65 protein levels increased 9.5-fold and 6.3-fold in the 
cortex and hippocampus, respectively, of 24-month-old aging 
rats. Similarly, p-NF-κBp65 protein levels increased 4.5-fold 
and 2.5-fold, respectively, in the cortex and hippocampus of 
24-month-old aging rats. In contrast, aging-induced enhance-
ment of nuclear NF-κBp65 and p-NF-κBp65 protein levels 
in the cortex and hippocampus were significantly suppressed 
when 24-month-old aging rats were treated with SPJ for 6 
months (P < 0.05 or P < 0.01). In the unstimulated condition, 
cytoplasmic NF-κB is sequestered by IκBα. Upon stimula-
tion, IκBα is rapidly phosphorylated or degraded (Wan et al., 
2010). Phosphorylated and degraded IκBα levels increased 
with age, and were significantly suppressed by SPJ treatment in 
24-month old aging rats (Figure 4; P < 0.01 or P < 0.05). These 
findings clearly demonstrate that SPJ attenuates aging-induced 
neuroinflammation, partly by inhibition of NF-κB activation. 

SPJ modulated the MAPK pathway in the cortex and 
hippocampus of aging rats
The MAPK signaling pathway (which includes ERK, JNK, 
and p38) has previously been reported to activate NF-κB and 
further initiate pro-inflammatory responses (Liu et al., 2015a, 
b). Accordingly, we next examined phosphorylation levels of 
MAPK signaling in the cortex and hippocampus by western 
blot assay. We detected age-related increases in phosphoryla-
tion levels of ERK, JNK, and p38 in the cortex and hippocam-
pus (Figure 5; P < 0.01 or P < 0.05). Treatment with SPJ in 
24-month-old aging rats markedly suppressed aging-induced 
phosphorylation levels of ERK, JNK, and p38 (Figure 5; P 
< 0.01 or P < 0.05). These results show that inhibition of ag-
ing-associated neuroinflammation by SPJ is mediated, at least 
partly, by suppression of the MAPK pathway and its subse-
quent inhibition of NF-κB activation.  

Discussion
We have previously shown in rats that SPJ has an anti-in-
flammatory effect and attenuates cognitive impairment via 
anti-oxidative and anti-apoptotic effects (Dai et al., 2014; 
Wang et al., 2015). In addition, accumulating evidence shows 
the aging brain is characterized by neuroinflammation and 
increased levels of inflammatory cytokines and activated 
microglia, which make the aged brain more vulnerable to dis-
ruptive effects from both intrinsic and extrinsic factors, such 
as stress, infection, or disease (Sparkman et al., 2008). Herein, 



1881

Deng et al. / Neural Regeneration Research. 2017;12(11):1877-1884.

we investigated the anti-inflammatory effects of SPJ in aging 
rat brain. Our results show for the first time that SPJ attenu-
ates aging-induced neuroinflammation, possibly by suppress-
ing microglial activation and inhibiting NF-κB and MAPK 
signaling components.

Mounting evidence indicates that age-related decline in cog-
nitive performance is associated with altered levels of pro-in-
flammatory cytokines, a process that may be mediated by 
changes in microglia function (Godbout et al., 2009; Lekander 
et al., 2011). Age-associated increases in total number of ac-
tivated microglia, and significant age-related alterations in 
microglial morphology and function have also been observed 
in postmortem human brain (DiPatre et al., 1997; Sheffield 
et al., 1998; Miller et al., 2007). Activated microglia secrete 
many neurotoxic factors that contribute to the pathogenesis 
of neurodegenerative disorders and affect complex central 
nervous system functions, such as depression, sleep, and cog-
nition (Janelsins et al., 2008; Westman et al., 2014; Dursun 
et al., 2015; Sun et al., 2016). Thus, inhibition of microglial 
activation is a crucial mechanism in treatment of neurological 
disorders associated with inflammation. Previous studies have 
shown that ginsenoside Rg3 effectively suppresses proinflam-
matory cytokines, including IL-6, IL-1β, and TNF-α in lipo-
polysaccharide or amyloid β-stimulated BV-2 microglial cells 
(Bae et al., 2006; Joo et al., 2008), ultimately attenuating the 
inflammatory response. Consistent with these findings, our 
results show that SPJ significantly inhibits microglial activa-
tion and decreases production of pro-inflammatory cytokines 
(such as IL-1β and TNF-α) and inflammatory mediators (such 
as COX-2 and iNOS) in the aging brain. 

Aging significantly triggers degradation and phosphory-
lation of cytosolic IκBα, and subsequent phosphorylation of 
cytosolic NF-κB p65 subunit and levels of nuclear NF-κB p65 
subunit (Giardina et al., 2002). Under normal physiological 
conditions, NF-κB complexes are inactive in the cytoplasmic 
form and associated with an inhibitory protein termed IκB. 
Once activated by aging and other external antigens, NF-κB is 
rapidly freed from IκB, and translocates into the nucleus. NF-
κB is regarded as a key regulator of inflammation, as it acts 
as a necessary transcription factor for induction of COX-2, 
iNOS, IL-1β, and TNF-α (Li et al., 2010). Emerging evidence 
suggests that NF-κB activation is found in microglia of pa-
tients with Alzheimer’s disease (AD), and misregulation of 
NF-κB can lead to AD development (Hu et al., 2005; Zhang 
et al., 2009; Lukiw 2012; Liu et al., 2015 a, b; Holtman et al., 
2015). Taken together, these studies suggest that activated NF-
κB plays a critical role in regulation of neuroinflammation in 
AD. Furthermore, it has been shown that ginsenoside Rg1, an 
active ingredient of Panax ginseng, relieves tert-butyl hydrop-
eroxide-induced cell impairment in mouse microglial BV2 
cells through the NF-κB pathway (Lu et al., 2015). Similarly, 
our present study shows that SPJ prevents aging-induced NF-
κB activation in a concentration-dependent manner. These 
studies suggest that SPJ may exert anti-inflammatory effects 
via downstream inflammatory factors and down-regulation of 
NF-κB activation in the aging brain. 

NF-κB activation is also regulated by MAPK, which is com-
posed of three components: p38, JNK, and ERK1/2 (Karin et 

al., 2000). An increasing number of studies indicate that hy-
perphosphorylation of the MAPK pathway activates NF-κB, 
producing inflammatory factors that ultimately contribute 
to neurodegenerative diseases (Waetzig et al., 2005; Lagalwar 
et al., 2006; Colombo et al., 2009; Petrov et al., 2015). Wang 
et al. (2014) also demonstrated increased p-p38 and JNK ex-
pression in AD and Parkinson’s disease patients. Moreover, 
p38/MAPK signaling plays a crucial role in pathogenesis of 
Parkinson’s disease, triggering undesired phenotypes such 
as microglia activation, neuroinflammation, oxidative stress, 
and apoptosis (Jha et al., 2015). Some ginsenosides (e.g., Rg1 
and Rh2) are effective in treating acute ischemic chronic neu-
roinflammation and brain injury by blocking generation of 
cytokines and pro-inflammatory mediators through inhibi-
tion of NF-κB and MAPK activation (Choi et al., 2007; Huang 
et al., 2016; Quan et al., 2016). Here, our results also suggest 
that aging significantly triggers phosphorylation of p38, 
ERK1/2, and JNK in rat cortex and hippocampus. In contrast, 
SPJ treatment notably down-regulated phosphorylated levels 
of p38, ERK1/2, and JNK compared with 24-month aging 
rats, suggesting that SPJ has anti-neuroinflammatory effects 
in aging rats via regulation of the MAPK signaling pathway. 

In summary, SPJ attenuates aging-induced neuroinflam-
mation by suppression of pro-inflammatory cytokine expres-
sion, microglia activation, and inflammatory mediators in the 
rat cortex and hippocampus. This anti-inflammatory effect 
induced by aging in the cortex and hippocampus is possibly 
mediated by decreasing IκBα degradation, activation of NF-κB, 
and suppression of phosphorylation of p38, JNK, and ERK1/2. 
Our results suggest that SPJ has potent anti-inflammatory ef-
fects and may be a potential therapeutic strategy for the treat-
ment of neurodegenerative-related diseases. 
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Figure 2 Effect of SPJ on 
IL-1β and TNF-α protein 
levels in the cortex and 
hippocampus of aging rats. 
(A) Representative IL-1β pro-
tein bands examined by western 
blot assay. (B) Data quantifica-
tion of panel (A). (C) Repre-
sentative TNF-α protein bands 
examined by western blot assay. 
(D) Data quantification of pan-
el (C). *P < 0.05, **P < 0.01, 
vs. 3-month-old group; #P < 
0.05, ##P < 0.01, vs. 24-month-
old group (mean ± SD, n = 4, 
one-way analysis of variance 
followed by the least significant 
difference post hoc test). 3-, 9-, 
15-, and 24-month-old groups 
(intragastric saline); SPJ was 
administrated at 10, 30, and 60 
mg/kg once daily for 6 months 
until the rats were 24 months 
old. SPJ: Saponins from Panax 
japonicus; IL-1β: interleukin 1 
beta; TNF-α: tumor necrosis 
factor alpha; M: months.

Figure 4 Effect of SPJ on the 
NF-κB signaling pathway in 
the cortex and hippocampus 
of aging rats.
(A) Representative bands show-
ing nuclear translocation of NF-
κB p65 protein by western blot 
assay. (B) Data quantification 
of western blot assay (A). (C) 
Representative p-NF-κB p65 
protein bands examined by 
western blot assay. (D) Data 
quantification of panel (C). (E) 
Representative p-IκB-α and 
IκB-α protein bands examined 
by western blot assay. (F) Data 
quantification of p-IκB-α. *P < 
0.05, **P < 0.01, vs. 3-month-
old group; #P < 0.05, ##P < 0.01, 
vs. 24-month-old group (mean 
± SD, n = 4, one-way analysis of 
variance followed by the least 
significant difference post hoc 
test). 3-, 9-, 15-, and 24-month-
old group (intragastric saline); 
SPJ was administrated at 10, 
30, and 60 mg/kg once daily 
for 6 months until the rats were 
24 months old. SPJ: Saponins 
from Panax japonicus; p-NF-
κB: phospho-NF-κB; p-IκB-α: 
phospho-IκB-α; M: months.
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Figure 3 Effect of SPJ on iNOS 
and COX-2 production in the 
cortex and hippocampus of 
aging rats.
(A) Representative iNOS protein 
bands examined by western blot 
assay. (B) Data quantification of 
panel (A). (C) Representative 
COX-2 protein bands examined 
by western blot assay. (D) Data 
quantification of panel (C). *P < 
0.05, **P < 0.01, vs. 3-month-old 
group; #P < 0.05, ##P < 0.01, vs. 
24-month-old group (mean ± SD, 
n = 4, one-way analysis of vari-
ance followed by the least signif-
icant difference post hoc test). 3-, 
9-, 15-, and 24-month-old groups 
(intragastric saline); SPJ was ad-
ministrated at 10, 30, and 60 mg/
kg once daily for 6 months until 
the rats were 24 months old. SPJ: 
Saponins from Panax japonicus; 
iNOS: inducible nitric oxide syn-
thase; COX-2: cyclooxygenase-2; 
M: months. 

Figure 5 Effect of SPJ on levels 
of p-ERK, p-JNK, and p-p38 
MAPK in the cortex and 
hippocampus of aging rats. 
(A) Representative p-ERK and 
ERK protein bands tested by west-
ern blot assay; (B) data quantifica-
tion of p-ERK; (C) representative 
bands of p-JNK and JNK proteins 
tested by western blot assay; (D) 
data quantification of p-JNK; (E) 
representative bands of p-p38 and 
p38 proteins tested by western 
blot assay; (F) data quantification 
of p-p38. *P < 0.05, **P < 0.01, 
vs. 3-month-old group; #P < 0.05, 
##P < 0.01, vs. 24-month-old 
group (mean ± SD, n = 4, one-
way analysis of variance followed 
by the least significant difference 
post hoc test). SPJ: Saponins from 
Panax japonicus; p-ERK: phos-
pho-extracellular signal-regulated 
kinase; p-JNK: phospho-c-Jun 
N-terminal kinase; MAPK: mito-
gen-activated protein kinase; M: 
months.  
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