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The herbal medicine Tong Luo Jiu Nao (TLJN) contains geniposide (GP) and ginsenoside Rg1 at a molar ratio of 10:1. Rg1 is 
the major component of another herbal medicine, panax notoginseng saponin (PNS). TLJN has been shown to strengthen brain 
function in humans, and in animals it improves learning and memory. We have previously shown that TLJN reduces amyloi-
dogenic processing in Alzheimer’s disease (AD) mouse models. Together this suggests TLJN may be a potential treatment for 
patients with dementia. Because chronic damage of the central nervous system by formaldehyde (FA) has been presented as a 
risk factor for age-associated cognitive dysfunction, in the present study we investigated the protective effect of both TLJN and 
GP in neuron-like cells exposed to FA. FA-exposed murine N2a neuroblastoma cells were incubated with TLJN, its main in-
gredient GP, as well as PNS, to measure cell viability and morphology, the rate of apoptosis and expression of genes encoding 
Akt, FOXO3, Bcl2 and p53. The CCK-8 assay, cytoskeletal staining and flow cytometry were used to test cell viability, mor-
phology and apoptosis, respectively. Fluorescent quantitative real-time PCR (qRT-PCR) was used to monitor changes in gene 
expression, and HPLC to determine the rate of FA clearance. Treatment of N2a cells with 0.09 mmol L1 FA for 24 h signifi-
cantly reduced cell viability, changed cell morphology and promoted apoptosis. Both TLJN and GP conferred neuroprotection 
to FA-treated N2a cells, whereas PNS, which had to be used at lower concentrations because of its toxicity, did not. Our data 
demonstrate that TLJN can rescue neuronal damage caused by FA and that its main ingredient, GP, has a major role in this ef-
ficacy. This presents purified GP as a drug or lead compound for the treatment of AD. 
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Formaldehyde (FA) is an essential metabolic intermediate 
generated endogenously from serine, glycine, methionine 
and choline. It is also a metabolic by-product of xenobiotic 
chemicals and proteins in the process of demethylation [1]. 
FA is a colorless, irritating gas with a high oxidation capa- 

city. The specific gravity of FA is 1.06, the boiling point is 
21°C and the melting point is 91°C. FA is volatile and 
easily soluble in water. The saturated 35%40% aqueous 
solution of FA is known as formalin [2]. The annual aver-
age concentration of FA in urban air is about 0.005–0.01  
mg m3, and generally does not exceed 0.03 mg m3 [3].  

As a high-volume industrial chemical, FA can enter the 
body in a number of different ways depending on the type 
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of environmental exposure. In humans, inhalation of FA has 
been reported to result in changes in attention, memory, 
balance, mood and sleep [4]. For example, those who are 
chronically exposed to formalin display symptoms of amne-
sia as well as dysfunction in other cognitive processes [5], 
and often present with dizziness and impaired balance [6]. 
Studies carried out by Malek and colleagues demonstrated 
that exposure to FA can cause a decline in memory function 
in rats, which is accompanied by a loss of hippocampal and 
cortical neurons [7]. Furthermore, in mice, inhalation of FA 
has been shown to affect the morphology of olfactory and 
hippocampal neurons, decrease the expression of CaMKII 
in the hippocampal CA3 region, and impair performance in 
behavioural learning and memory tasks such as the Morris 
water maze and six-arm radial maze [8]. Khokhlov and col-
leagues have shown that FA levels are significantly in-
creased in the blood and cerebrospinal fluid of multiple 
sclerosis patients with memory decline [9]. 

Although the mechanisms underlying the neurotoxic ef-
fect of FA are not fully understood, previous studies have 
shown that FA can cross-link proteins, DNA and unsaturat-
ed fatty acids. Because of its high reactivity, FA will rapidly 
interact with cells lining the epithelial surface of the nose 
and lung when inhaled [10,11]. Interestingly, low doses of 
FA have been shown to induce the aggregation of the mi-
crotubule-associated protein tau, which is implicated in 
Alzheimer’s disease (AD), and to lead to cytotoxic oligo-
mers in human SH-SY5Y neuroblastoma cells [12,13].  

As previously described by Tong and colleagues, in hu-
mans uric FA increases with age (65 years old), and levels 
of FA increase in mice as they become older (8 months old) 
[14]. Similarly, rat hippocampal FA has also been shown to 
increase with age (12 months old). Thus, chronic impair-
ment of the central nervous system induced by endogenous 
FA has been suggested to be a risk factor for age-related 
cognitive impairment [15,16]. 

Chinese herbal medicine is part of a larger healing sys-
tem called traditional Chinese medicine (TCM). Tong Luo 
Jiu Nao (TLJN) is a herbal compound that is prepared under 
the guidance of “the pathogenesis theory of heat-toxic af-
fecting the brain collaterals” (impairment of brain and its 
function). It contains a variety of ingredients, with the main 
active ingredients being geniposide (GP) and geniposide 
Rg1 (Rg1) at a molar ratio of 10:1 [17]. Rg1 is the major 
component of the herbal medicine panax notoginseng sapo-
nin (PNS), which is reported to be neuroprotective [18]  
and is used in the treatment of cardiovascular diseases in 
China [19]. 

TLJN is made by mixing extracts of gardenia and 
pseudoginseng (see Materials and methods for details). The 
biological effects of the extracts complement each other: 
pseudoginseng “promotes blood circulation, reinforces in-
sufficiency and strengthens the brain”, and gardenia “re-
lieves inflammatory symptoms and eliminates toxicity” 
[12,20]. The two extracts can relieve both the primary and 

secondary symptoms of inflammation, as well as provide 
temporary relief and clear the “meridian” (a TCM term used 
to describe the energy flow around the body; see Supporting 
Information), conforming with the Chinese therapeutic 
principles of “to pass to fill” (the more circulation is unob-
structed, the better nutrients can be supplied). The extracts 
also “generate new blood, strengthen the brain, improve 
intelligence, strengthen the spleen and kidney, nourish the 
heart, and calm the nerves” [18,19].  

Although how TLJN, GP and PNS work at a molecular 
level is unknown, the Akt signaling pathway has been rec-
ognized as a critical regulator of cell survival. Akt, also 
known as protein kinase B (PKB), is a serine/threonine- 
specific kinase. The Akt family is composed of at least three 
members: Akt1/PKBα, Akt2/PKBβ and Akt3/PKBγ, with 
the latter being enriched in the brain and testis [21]. Akt has 
a key role in signal transduction and tumor formation 
through either the stimulation of cell regeneration or the 
inhibition of apoptosis [22].  

There is collective evidence that endogenous FA levels 
increase with age, and that this increase is associated with 
memory decline [14]. Using the FA stress model of mouse 
N2a neuroblastoma cells, we report that GP and TLJN, but 
not PNS, have a protective effect on N2a cells exposed to 
FA. This data suggest that GP may be the active ingredient 
in TLJN, which has previously shown efficacy in delaying 
or ameliorating age-related cognitive impairment.  

1  Materials and methods 

1.1  Materials 

GP and PNS were obtained from the National Institutes for 
Food and Drug Control (Beijing, China). Gardenia and 
pseudoginseng extracts were purchased from Nanjing 
Zelang Medical Technology Limited Company (China). GP 
and PNS were obtained from the National Institutes for 
Food and Drug Control (China). TLJN was prepared by 
mixing extracts of gardenia and pseudoginseng in propor-
tions determined using HPLC in previous experiments [23]. 
TLJN contains 10 parts GP to one part Rg1. The active in-
gredient of PNS is Rg1.  

TLJN is able to activate A-degrading enzymes in rat 
AD models [17]. As a culture medium for N2a cells, Dul-
becco’s modified eagle medium (DMEM), fetal bovine se-
rum (FBS), EDTA-pancreatin and Penicillin-Streptomycin 
(PS) were used (Gibco Co., USA). The Cell Counting Kit-8 
(CCK-8) for measuring cell viability was obtained from 
Dojindo Co. Annexin V-FITC/PI Apoptosis Assay Kit was 
purchased from Zoman Bio. Hoechst 33258 was obtained 
from Sigma and Alexa Fluor® 488 Phalloidin from Invitro-
gen. Trizol reagent for RNA extraction was purchased from 
Invitrogen. Other reagents for RT-qPCR including RNase- 
free Water, EasyScript First-Strand cDNA Synthesis Super-  
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Mix, 2× Easy Taq PCR SuperMix and TransStartTM Green 
qPCRSuperMix UDG were purchased from Transgen.  

1.2  Cell culture 

N2a cells were grown in DMEM containing 10% (v/v) FBS 
and PS, maintaining 5% CO2/90% humid air at 37°C. Cells 
were plated into 96-well plates at a density of 1.0×104 cells 
per well for cell viability assay, or into 60 mm culture dish-
es at a density of 1×106 cells/well for the cell apoptosis as-
say, RT-qPCR and HPLC, or in confocal culture dishes at a 
density of 3×105 cells per dish to determine cell morpholo-
gy. After 24 h, the culture medium was replaced with se-
rum-free DMEM supplemented with different concentra-
tions of FA and compounds as indicated. 

1.3  Cell viability assay  

The viability of cells was evaluated using the CCK-8 kit. In 
brief, 10 μL of the CCK-8 solution was added to each well 
of 96-well plates, and incubated for 4 h at 37°C. According 
to the manufacturer’s protocol, simultaneous absorbance 
readings were measured at 450 and 630 nm using a micro-
plate reader. Median lethal concentration (LD50) of FA on 
N2a cells, the concentration of drug safety use, and the ef-
fective concentration of the drugs rescuing the cells in the 
presence of FA were determined by analyzing different 
doses of the drugs used. 

1.4  Apoptosis assay 

N2a cells (plated at a density of 1×106) were grown in    
60 mm plates overnight. The culture medium was then re-
placed with serum-free DMEM supplemented with 0.09 
mmol L1 FA and different effective concentrations of drugs 
(200 μmol L1 TLJN, 200 μmol L1 GP or 20 μmol L1 PNS) 
for 24 h. The analysis of apoptosis was carried out by flow 
cytometry using the Annexin V-FITC/PI apoptosis detection 
kit. Cells were harvested, counted, and resuspended in 1× 
binding buffer at a concentration of 1×106 cells mL1. Then, 
5 μL of Annexin V-FITC was added to the cell suspension 
(500 μL), which was gently mixed and incubated for 10 min 
at room temperature in the dark. Finally, propidium iodide 
(PI) was added (10 μL) and samples were analyzed by flow 
cytometry (FACSCalibur, BD Biosciences, USA) within 1 h. 

1.5  Analysis of cell morphology and numbers 

After culturing N2a cells in DMEM complete medium for 
24 h, the cells were transferred into serum-free DMEM 
supplemented with 0.09 mmol L1 FA and different effec-
tive concentrations of the respective drugs (200 μmol L1 
TLJN, 200 μmol L1 GP, and 20 μmol L1 PNS, respective-
ly). After 24 h, the cells were fixed with cold 4% (w/v) par-

aformaldehyde (PFA) for 15 min at 4°C. F-actin was visu-
alized with FITC-phalloidin (Alexa Fluor® 488 Phalloidin, 
USA) and nuclei with Hoechst 33258. All images were ob-
tained using laser scanning confocal microscopy (LSCM; 
Olympus FV1000). Three to four fields (10× objective lens) 
were randomly selected from each dish for imaging. Count-
ing of nuclei was carried out using the graphic software 
IPP6.0 to compare cell adhesion in the experimental and 
control groups. 

1.6  RT-qPCR analysis 

Expression levels of the genes encoding Akt, FOXO3, Bcl2 
and p53 were detected by qRT-PCR. Total RNA was ex-
tracted from N2a cells using Trizol reagent. The integrity of 
RNA was examined by identifying intact 18S and 28S ri-
bosomal RNA bands using agarose gel electrophoresis. Pu-
rity and quantity were estimated by measuring the absorb-
ance at 260/280 nm. RNA was reverse-transcribed into 
cDNA using M-MLV reverse transcriptase. PCR was per-
formed using Taq DNA polymerase. The PCR primers were 
designed with Primerpremier 5.0 software and primer bank 
(http://pga.mgh.harvard.edu/primerbank/), and were synthe-
sized by Shanghai Sangon Inc. The primers for bcl-2 were 
as follows: forward: 5′-TGTGTGGAGAGCGTCAACAG- 
3′ and reverse: 5′-CAGACATGCACCTACCCAGC-3′; for 
18S RNA, forward: 5′-CAGCCACCCGAGATTGAGCA- 
3′ and reverse: 5′-TAGTAGCGACGGGCGGTGTG-3′. Flu- 
orescence quantitative PCR was carried out using the 
TransStartTM Green qPCRSuperMix UDG kit (Transgen 
Inc., China) on the real-time fluorescent quantitative PCR 
instrument Corbett6600 (Corbett Research, Germany).  

1.7  Analysis of formaldehyde (FA) concentration  

The concentration of FA in the medium was analyzed by 
HPLC using Carbon-18 columns (Agilent). The sample 
buffer consisted of acetonitrile, 2,4-dinitrophenylhydrazine 
(1.0 g L1) and trichloroacetic acid (10%). Media were har-
vested and mixed with sample buffer to analyze FA by 
HPLC. 

1.8  Statistical analysis 

Analysis of variance was carried out using SPSS 16.0. The 
data is expressed as the mean±standard deviation (SD) and 
one-way analysis of variance was used for comparison be-
tween groups. Values of P<0.05 were considered statisti-
cally significant. 

2  Results 

2.1  Toxicity of FA and the three herbal compounds 

We first determined the toxicity of FA in a cellular system  



 Chen JY, et al.   Sci China Life Sci   April (2014) Vol.57 No.4 415 

and then assayed the effects of the three herbal compounds 
GP, PNS, and TLJN on cell viability using the CCK-8 assay 
kit. N2a cells were cultured in media containing increasing 
concentrations of FA for 24 h. We defined the cell density 
in the absence of FA as 100%. By titrating FA, we found 
that the median lethal concentration (LD50) was 0.086 
mmol L1 (Figure 1). For practical purposes we used 0.09 
mmol L1 FA, which is equivalent to a cell survival ratio of 
46%, for all follow-up experiments (unless stated other-
wise). 

We next performed a toxicity assay for GP, PNS and 
TLJN (Figure S1 in Supporting Information). N2a cells 
were exposed to increasing concentrations of GP, and cell 
viability was determined after 24 h of exposure (Figure 2). 
GP at concentrations up to 200 μmol L1 did not affect cell 
viability at all (Figure 2A); however, even at concentrations 
as low as 15 μmol L1, treatment with PNS resulted in de-
creased cell viability (P<0.01) (Figure 2B). TLJN treatment 
did not have any toxic effects on N2a cells at concentrations 
of up to 200 μmol L1 (Figure 2C). Therefore, concentra-
tions of GP and TLJN of up to 200 μmol L1 were consid-
ered to be non-toxic to these cells and also to mitochondria, 
as the CCK-8 kit primarily measures mitochondrial activity.  

Next, we asked whether the drugs would decrease levels 
of FA produced by the N2a cells themselves. We detected 
endogenous FA in the medium by HPLC-UV as described 
previously [24]. All three drugs significantly decreased FA 
concentrations in the N2a cell culture medium compared 
with the untreated group (P<0.01) (Figure 3A).  

To identify whether the drugs directly reacted with FA, 
each drug was incubated with FA in the absence of cells for 
24 h and then the residual FA was determined. As shown 
(Figure 3B), none of the drug treatments resulted in a de- 

 

 

Figure 1  Median lethal concentration (LD50) of formaldehyde in vitro. 
N2a cells were plated onto 96-well plates at a density of 1.0×104 cells per 
well for cell viability assay. After 24 h, the culture medium was replaced 
with serum-free DMEM supplemented with increasing concentrations of 
formaldehyde (FA). Cell viability was determined with the CCK-8 assay 
after 24 h of incubation. The LD50 of FA in vitro was determined as 0.086 
mmol L1. Data are expressed as mean±SD from at least three independent 
experiments. 

 

Figure 2  Determining drug safety. Conditions for cell culture were the 
same as those in Figure 1, except that the cells were treated with a range of 
concentrations of three drugs geniposide (GP), panax notoginseng saponin 
(PNS) and Tong Luo Jiu Nao (TLJN), a herbal medicine containing GP 
and Rg1 at a molar ratio of 10:1 (Figure S1 in Supporting Information). 
Changes in N2a cell viability following treatment with different concentra-
tions of GP (A), PNS (B) and TLJN (C). Cells without drug treatment were 
used as control. Data are expressed as mean±SD from at least three inde-
pendent experiments. **, P<0.01 vs. the control group. 

crease in FA, suggesting that the decrease in FA in the me-
dium is a cellular response. 

2.2  GP increases viability of FA-treated N2a neuro-
blastoma cells 

Next, we investigated whether GP has a neuroprotective 
effect on cells to which FA was added exogenously. For 
that, N2a cells were plated at a density of 1×104/well and 
grown in serum-free DMEM medium in the presence of  
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Figure 3  Tong Luo Jiu Nao (TLJN) decreases the concentration of for-
maldehyde in the medium. N2a cells were cultured for 24 h and incubated 
with geniposide (GP), panax notoginseng saponin (PNS) or Tong Luo Jiu 
Nao (TLJN) in the presence of exogenous formaldehyde (FA). The con-
centration of FA in the medium was determined by HPLC. Cells cultured 
in the absence of exogenous FA were used as control (Ctrl) (A). Using the 
same conditions, each of the compounds TLJN, GP and PNS were directly 
incubated with FA in a cell-free system for 24 h and then aliquots were 
taken for measurements of concentrations of FA (B). Data are expressed as 
mean±SD from three independent experiments. **, P<0.01 vs. the control; 
##, P<0.01 vs. the group treated with FA alone. 

0.09 mmol L1 FA supplemented with GP. Changes in cell 
viability were monitored using the CCK-8 viability kit. 
Treatment with increasing concentrations of GP showed that 
at 200 μmol L1, cell viability was significantly increased 
(6%, P<0.01) compared to FA-treated cells (Figure 4A). In 
contrast, cell viability was significantly decreased after 24 h 
incubation in either 15 μmol L1 or 20 μmol L1 PNS (8% or 
14% respectively, P<0.01) (Figure 4B). This again demon-
strates that PNS alone has a toxic effect on the cells. TLJN at 
concentrations of 150 μmol L1 (7%, P<0.05) and 200 μmol 
L1 (12%, P<0.01) increased cell viability remarkably com-
pared with the FA-only control (Figure 4C), suggesting an 
ability to rescue N2a cells from FA-induced injury. 

2.3  TLJN and GP reduce apoptosis in FA-treated N2a 
cells  

To determine whether a reduction in apoptosis contributes 

 

Figure 4  Geniposide rescues the viability of N2a cells treated with for-
maldehyde. N2a cells were incubated with increasing concentrations of GP 
(A), PNS (B), or TLJN (C) with 0.09 mmol L1 formaldehyde (FA) over-
night. The viability of cells was evaluated using the CCK8 assay. Cells 
without the treatment were used as control. Data are expressed as 
mean±SD from three independent experiments. *, P<0.05; **, P<0.01 vs. 
the control. 

to the protective effect of TLJN, we measured apoptosis in 
FA-treated N2a cells by flow cytometry. The data indicate 
that 18.28% of non-treated N2a cells were apoptotic when 
serum-free DMEM was used (Figure 5A). The percentage 
of apoptosis increased to 29.23% for FA-treated cells (Fig-
ure 5B); however, incubation with 200 μmol L1 TLJN sup-
pressed apoptosis, with the percentage of apoptotic cells 
decreasing to 12.77% (Figure 5C). Furthermore, incubation 
with 200 μmol L1 GP in the presence of FA decreased the 
percentage of apoptotic cells to 13.92% (Figure 5D). Treat- 
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Figure 5  TLJN inhibits apoptosis of N2a cells in the presence of formaldehyde. N2a cells were plated at 1×106 per in 60 mm plate and grown overnight. 
The culture medium was then replaced with serum-free DMEM supplemented with 0.09 mmol L1 formaldehyde (FA) and drugs at different effective con-
centrations for 24 h. Apoptosis was determined by flow cytometry using the Annexin V-FITC/PI apoptosis detection kit where the rate of apoptosis is calcu-
lated by the fraction of UL+UR/total cells. Cells with no treatment were used as control (A). Cells were incubated with FA alone (B) or together with 200 
μmol L1 TLJN (C), 200 μmol L1 GP (D), or 20 μmol L1 PNS (E). Data are expressed as mean±SD from three independent experiments (F).

ment with 20 μmol L1 PNS, surprisingly, caused a slight 
decrease in the percentage of apoptosis (20.02%) compared 
to the control group (Figure 5E). These findings are in 
agreement with those obtained with the CCK-8 viability 
assay. The data suggest that GP can reduce apoptosis in 
FA-treated N2a cells (Figure 5F). 

2.4  Morphology and cell numbers are restored follow-
ing treatment with TLJN and GP 

After incubating N2a cells with TLJN, GP or PNS for 24 h, 
the cells were stained with phalloidin and Hoechst 33258 
and analyzed using laser scanning confocal microscopy 
(Figure 6). Nuclei appeared shrunken in cells treated with 
FA (Figure 6A), whereas round nuclei were observed in the 
saline-treated control group (Figure 6C). When FA-treated 

N2a cells were co-incubated with GP or TLJN, they had 
significantly fewer malformed nuclei (Figure 6B and D). 
Treatment with PNS did not ameliorate the toxic effect of 
FA (Figure 6E). Similar to what has been shown previously 
[25], FA-treated cells grew many short processes and the 
cell density was significantly decreased (P0.01, n=3) (Fig-
ure S2 in Supporting Information). In general, GP and 
TLJN did not seem to ameliorate the changes in the F-actin 
morphology induced by FA.  

After FA treatment, cell number was significantly re-
duced (Figure 6F). TLJN treatment resulted in an increase 
in cell number when compared with cells treated only with 
FA (P<0.01), indicating that TLJN exerted a protective ef-
fect on FA-injured N2a cells. A similar effect was also 
found in cells supplemented with GP (P<0.01); however, 
there was no significant difference between FA-treated and 
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Figure 6  TLJN rescues the morphology and increases the number of formaldehyde-treated N2a cells. Cells were plated onto confocal culture dishes at a 
density of 3×105 cells per dish to determine cell morphology. Conditions for cells treatments were the same as for Figure 4, except that the cell morphology 
analysis was carried out by staining F-actin and nuclei. Cells were incubated with GP+FA, TLJN+FA, PNS+FA, FA alone and saline, as indicated. Numbers 
of surviving cells were also recorded (F). Cells with no treatment were used as control. Data are expressed as mean±SD from three independent experiments. 
**, P<0.01 vs. the control. 

FA plus PNS-treated cells. This indicates that GP is the key 
component of TLJN that protects cells from the adverse 
effects of FA, which is consistent with data from our 
CCK-8 and flow cytometry assays. 

2.5  Expression of Akt, FOXO3, Bcl2 and p53 in the 
presence of GP 

The Akt signaling pathway has a critical role in cell survival. 
Akt, FOXO3, Bcl2 and p53 are apoptosis regulator proteins 
in this pathway; therefore, we determined mRNA expres-
sion of these genes using rRT-PCR. Total RNA was ex-
tracted from N2a cells using the Trizol reagent. The integ-
rity of RNA was examined by identifying intact 18S and 
28S ribosomal RNA bands by gel electrophoresis (Figure 
S3 in Supporting Information). We found that expression 
levels of Akt mRNA in cells treated with FA were signifi-
cantly decreased compared with the control (P<0.01) (Fig-
ure 7, Table 3; Figure S4 in Supporting Information). 
Treatment with TLJN and GP, on the other hand, restored 
Akt mRNA expression of FA-injured cells to normal levels  

 

Figure 7  TLJN regulates Akt, FOXO3, Bcl2 and p53 expression. Condi-
tions for the treatment of cells were as described in Figure 1. Total RNA 
was extracted from N2a cells using Trizol reagent. The integrity of RNA 
was examined by identifying intact 18S and 28S ribosomal RNA bands by 
gel electrophoresis (Figure S1 in Supporting Information). The expression 
levels of the genes encoding Akt, FOXO3, Bcl2 and p53 were detected by 
qRT-PCR. Cells with no treatment were used as control. Data are ex-
pressed as mean±SD from three independent experiments. **, P<0.01 vs. 
the control; ##, P<0.01 vs. the group treated with FA alone.  
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(P<0.01). Treatment with PNS did not have a significant 
effect when compared to the control group. FA elevated 
mRNA levels of FOXO3 significantly (P<0.01) (Table 4; 
Figure S5 in Supporting Information). Treatment with TLJN 
or GP restored FOXO3 mRNA expression of FA-injured 
cells to normal levels (P<0.01). Compared to saline-treated 
controls, Bcl2 mRNA levels were down-regulated by FA 
(Table 5; Figure S6 in Supporting Information), but in-
creased following treatment with GP or TLJN (P<0.01). FA 
induced a robust increase in p53 mRNA levels compared to 
the control, whereas levels in the TLJN- or GP-treated 
groups were much lower (P<0.01) (Table 6; Figure S7 in 
Supporting Information).  

Together the data suggest that, compared with the control, 
exposure to FA down-regulates the expression of Akt and 
Bcl2, and up-regulates FOXO3 and p53 expression, thus 
contributing to cell apoptosis. We hypothesize that both GP 
and TLJN significantly protect N2a cells from the neuro-
toxic effects of FA by inducing anti-apoptotic processes. 

3  Discussion 

As humans age, the regulation of endogenous FA gradually 
declines. This age-related impairment may be, in part, due 
to damage caused by oxidative stress [28]. We recently 
published data suggesting that regularly drinking water im-
proves clearance of FA from the kidney, potentially delay-
ing age-related cognitive impairment [29]. Human autopsies 
have shown significantly increased concentrations of FA in 
the hippocampus of patients with dementia compared to 
controls [30]. In the present study, we report that GP de-
creases the concentration of FA in cultured N2a cells, sug-
gesting that this herbal compound may scavenge endoge-
nous FA and have the potential as a treatment for age-  
related dementia by decreasing brain FA. 

As mentioned above, in contrast to GP and TLJN, we did 
not find PNS to protect N2a cells from FA-induced stress 
because PNS itself was toxic at concentrations as low as 20 
μmol L1. Higher concentrations could not be tested, mak-
ing a comparison with GP difficult. The CCK-8 assay pri-
marily measures mitochondrial activity, a function that is 
improved by GP and TLJN, and we therefore suggest that 
the mechanism by which FA exerts its toxicity lies upstream 
of mitochondrial dysfunction.  

Akt is an important kinase that regulates survival and 
differentiation. Our experiments demonstrate a close rela-
tionship between Akt levels and cell apoptosis induced by 
FA. We found that by treating N2a cells with FA for 24 h, 
levels of Akt decreased and expression of its downstream 
gene FOXO3 increased, leading to lower expression of an-
ti-apoptotic genes, and up-regulation of the pro-apoptotic 
gene p53. When FA-treated N2a cells were co-incubated 
with FA and either GP or TLJN, Akt was up-regulated, 
FOXO3 down-regulated, expression of the anti-apoptotic 

gene Bcl2 was increased, and expression of the pro-   
apoptotic gene p53 decreased. In contrast, PNS had no an-
ti-apoptotic effect. Our results reveal that TLJN and GP 
block FA-induced apoptosis, possibly via the Akt signaling 
pathway. In follow-up experiments, the efficacy of Akt in-
hibitors could be tested to consolidate the role of this path-
way in conferring resistance to apoptosis. In addition, our 
data support the concept of the “endogenous formaldehyde 
metabolic disorders theory” underlying the pathogenesis of 
sporadic AD [16]. We propose that studying the Akt sig-
naling pathway is crucial in monitoring the efficacy of any 
treatment of AD. 

Inhibition of the Akt signaling pathway has been report-
ed in patients with AD. More specifically, levels of Akt and 
phospho-Akt, as well as Akt activity, were all reported to be 
decreased relative to controls [31]. Furthermore, the Akt 
signaling pathway has been shown to modulate the hyper-
phosphorylation of tau induced by nanomolar concentra-
tions of naturally secreted amyloid-β [32], although hyper-
phosphorylation of tau can be promoted by many additional 
factors [33]. We found that GP up-regulates Akt and Bcl2, 
and down-regulates FOXO3 and P53. Thus, GP protects 
N2a cells at multiple steps. On the one hand, up-regulation 
of Akt leads to an increase of Bcl2 expression [34], which 
promotes cell survival [35] but on the other hand, 
down-regulation of FOXO3 [36] and p53 [37,38] results in 
the promotion of apoptosis. This shows that GP has multiple 
effects on cell death and survival. 

As mentioned above, PNS seems to show an effect simi-
lar to TLJN and GP on the Akt pathway, but the PNS data 
were not as consistent and the standard deviation was larger, 
making the difference non-significant (Figure 7). PNS did 
not show a significant rescue of the FA-treated cells com-
pared to PG and TLJN. So, although it appears that PNS is 
not involved in activation of the Akt pathway, further inves-
tigation should be undertaken.  

Our previous studies have indicated that in an AD rat 
model, TLJN injection can significantly improve learning 
and memory in the Y-maze [17]. Injection of pseudoginseng 
and gardenia, from which TLJN is derived, has been shown 
to activate Aβ-degrading enzymes present in the cortex and 
hippocampus, primarily insulin degrading enzyme (IDE) 
and neprilysin (NEP). These studies have suggested that the 
active ingredients of pseudoginseng and gardenia assist in 
Aβ clearance [39], which then improves memory. In the 
APPV7171 transgenic mouse model of AD [40], TLJN was 
found to enhance learning and memory in the Morris water 
maze. Previous studies into the mechanisms of TLJN have 
concluded that the herbal extract can increase neuronal 
numbers in the hippocampus, raise the expression of synap-
tophysin in synaptic vesicles, and improve neuronal plastic-
ity [41]. Furthermore, we also found that the level of en-
dogenous formaldehyde is negatively related with human 
cognition and learning [42]. Together, this suggests a role 
for TLJN in both treating and preventing AD. 
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In conclusion, we found that GP, as one of the main 
components of TLJN, decreases endogenous FA levels in 
vitro. GP can protect N2a cells from the toxic effects of FA 
through activation of the Akt pathway. While it has so far 
not been determined whether and to what degree FA con-
tributes to the pathology in AD, our data suggest TLJN and 
its active ingredient, GP, as promising leads for the detoxi-
fication of FA. 

The authors declare no competing financial interest. 

This work was supported by the National Basic Research Program of Chi-
na (2012CB911004, 2010CB912303) and Queensland-Chinese Academy of 
Sciences Biotechnology Fund (GJHZ1131, GJHZ201302). 

1 Swenberg JA, Lu K, Moeller BC, Gao L, Upton PB, Nakamura J, 
Starr T. Endogenous versus exogenous DNA adducts: their role in 
carcinogenesis, epidemiology, and risk assessment. Toxicol Sci, 2011, 
120: 130–145 

2 Loomis TA. Formaldehyde toxicity. Arch Pathol Lab Med, 1979, 103: 
321–324 

3 Marquardt H, Schäfer SG, McClellan R O, Welsch F. Toxicology. 1st 
ed. California: Academic Press, 1999. 636–640 

4 Wilbur S, Harris MO, McClure PR, Spoo W. Toxicological profile 
for formaldehyde. U.S. Department of Health and Human Services, 
Public Health Service, and the Agency for Toxic Substances and 
Disease Registry. 1999 

5 Perna RB, Bordini EJ, Deinzer-Lifrak M. A case of claimed persis-
tent neuropsychological sequelae of chronic formaldehyde exposure: 
clinical, psychometric, and functional findings. Arch Clin Neuropsy-
chol, 2001, 16: 33–44 

6 LoSasso GL, Rapport LJ, Axelrod BN. Neuropsychological symp-
toms associated with low-level exposure to solvents and (meth)acry- 
lates among nail technicians. Neuropsychiatry Neuropsychol Behav 
Neurol, 2001, 14: 183–189 

7 Malek FA, Moritz KU, Fanghanel J. Formaldehyde inhalation & 
open field behaviour in rats. Indian J Med Res, 2003, 118: 90–96 

8 Lu Z, Li CM, Qiao Y, Yan Y, Yang X. Effect of inhaled formalde-
hyde on learning and memory of mice. Indoor Air, 2008, 18: 77–83 

9 Khokhlov AP, Zavalishin IA, Savchenko IuN, Dziuba AN. Disorders 
of formaldehyde metabolism and its metabolic precursors in patients 
with multiple sclerosis (in Russian). Zh Nevropatol PsikhiatrIm S 
SKorsakova, 1989, 89: 45–48 

10 Wilmer JW, Woutersen RA, Appelman LM, Leeman WR, Feron VJ. 
Subchronic (13-week) inhalation toxicity study of formaldehyde in 
male rats: 8-hour intermittent versus 8-hour continuous exposures. 
Toxicol Lett, 1989, 47: 287–293 

11 Oğuz AÖ, Ahmet S, Mustafa S, Mehmet Y, İlter K. Changes of zinc, 
copper, and iron levels in the lung of male rats after subacute (4-week) 
and subchronic (13-week) exposure to formaldehyde. J Trace Elem 
Exp Med, 2003, 16: 67–74 

12 Hua Q, Nie CL, Chen YH, Zhang D, He RQ. Effect of acetaldehyde 
on phosphorylation of human neuronal tau. Prog Biochem Biophys, 
2001, 28: 761–763 

13 Nie CL, Wei Y, Chen XY, Liu YY, Dui W, Liu Y, Davies MC, 
Tendler SJ, He RQ. Formaldehyde at low concentration induces pro-
tein tau into globular amyloid-like aggregates in vitro and in vivo. 
PLoS ONE, 2007, 2: e629 

14 Tong ZQ, Han CS, Luo WH, Li H, Luo HJ, Zhou JN, Qi JS, He RQ. 
Accumulated hippocampal formaldehyde induces age-dependent 
memory decline. Age (Dordr), 2013, 35: 583–596 

15 Li FX, Lu J, Xu YJ, Tong ZQ, Nie CL, He RQ. The machine of en-
dogenous formaldehyde chronic damage in senile dementia (in Chi-
nese). Prog Biochem Biophys, 2008, 35: 393–400 

16 He RQ, Tong ZQ, Zhang JL, Luo WH, Li H, Luo HJ, Wang WS, Liu 

Y. Endogenous formaldehyde is related to sporadic Alzheimer’s dis-
ease. Biophys J, 2009, 96: 89a 

17 Liu Y, Hua Q, Lei HT, Li PT. Effect of Tong Luo Jiu Nao on 
A-degrading enzymes in AD rat brains. J Ethnopharmacol, 2011, 
137: 1035–1046 

18 Wang X, Wang S, Hu L. Neuroprotective effect of panax notoginseng 
saponins and its main components. World J Neurosci, 2014, 4: 12–17 

19 Wang N, Wan JB, Chan SW, Deng YH, Yu N, Zhang QW, Wang YT, 
Simon L. Comparative study on saponin fractions from Panax noto-
ginseng inhibiting inflammation-induced endothelial adhesion mole-
cule expression and monocyte adhesion. Chinese Med, 2011, 6: 37 

20 Li L, Zhang L. Action characteristics of traditional Chinese medicine 
in treatment of Alzheimer’s disease. Prog Biochem Biophys, 2012, 
39: 816–828 

21 Easton RM, Cho H, Roovers K, Shineman DW, Mizrahi M, Forman 
MS, Lee VM, Szabolcs M, de Jong R, Oltersdorf T, Ludwig T, Ef-
stratiadis A, Birnbaum MJ. Role for Akt3/Protein kinase Bgamma in 
attainment of normal brain size. Mol Cell Biol, 2005, 25: 1869–1878 

22 Fresno Vara JÁ, Casado E, Castro JD, Cejas P, Belda-Iniesta C, 
González-Barón M. PI3K/Akt signalling pathway and cancer. Cancer 
Treat Rev, 2004, 30: 193–204 

23 Sun P, Chen JY, Li J, Sun MR, Mo WC, Liu KL, Meng YY, Liu Y, 
Wang F, He RQ, Hua Q. The protective effect of geniposide on hu-
man neuroblastoma cells in the presence of formaldehyde. BMC 
Complement Altern Med, 2013, 13: 152 

24 Su T, Xin L, He YG, Wei Y, Song YX, Li WW, Wang MX, He RQ. 
The abnormally high level of uric D-Ribose for type-2 diabetics (in 
Chinese). Prog Biochem Biophys, 2013, 40: 816–825 

25 Lu Y, He HJ, Zhou J, Miao JY, Lu J, He YG, Pan R, Wei Y, Liu Y, 
He RQ. Hyperphosphorylation results in tau dysfunction in DNA 
folding and protection. J Alzheimers Dis, 2013, 37: 551–563 

26 Lu K, Collins LB, Ru H, Bermudez E, Swenberg JA. Distribution of 
DNA adducts caused by inhaled formaldehyde is consistent with in-
duction of nasal carcinoma but not leukemia. Toxicol Sci, 2010, 116: 
441–451 

27 Lu J, Miao JY, Su T, Liu Y, He RQ. Formaldehyde induces hyper-
phosphorylation and aggregation of Tau protein both in vitro and in 
vivo, Biochim Biophys Acta-GS, 2013, 1830: 4102–4116 

28 He RQ. The research window of Alzheimer’s disease should be 
brought forward. Prog Biochem Biophys, 2012, 39: 692–697 

29 Li T, Qiang M, He RQ. Chronic dehydration and regularly drinking 
water to mitigate age-related cognitive impairment. Acta Neuro- 
pharmacol, 2012, 2: 43–51 

30 Tong ZQ, Han CS, Miao JY, Lu J, He RQ. Excess endogenous for-
maldehyde induces memory decline. Prog Biochem Biophys, 2011, 
38: 575–579 

31 Lee HK, Kumar P, Fu Q, Rosen KM, Querfurth HW. The insulin/Akt 
signaling pathway is targeted by intracellular beta-amyloid. Mol Biol 
Cell, 2009, 20: 1533–1544 

32 Tokutake T, Kasuga K, Yajima R, Sekine Y, Tezuka T, Nishizawa M, 
Ikeuchi T. Hyperphosphorylation of Tau induced by naturally se-
creted amyloid-β at nanomolar concentrations is modulated by insu-
lin-dependent Akt-GSK3β signaling pathway. J Biol Chem, 2010, 
287: 35222–3523325 

33 Wei Y, Miao JY, Liu Y. Endogenous and exogenous factors in hy-
perphosphorylation and neurodegeneration. Prog Biochem Biophys, 
2012, 39: 778–784 

34 Pugazhenthi S, Nesterova A, Sable C, Heidenreich KA, Boxer LM, 
Heasley LE, Reusch JE. Akt/Protein kinase B up-regulates Bcl-2 ex-
pression through cAMP-response element-binding protein. J Biol 
Chem, 2000, 275: 10761–10766 

35 Kelly PN, Strasser A. The role of Bcl-2 and its pro-survival relatives 
in tumorigenesis and cancer therapy. Cell Death Differ, 2011, 18: 
1414–1424 

36 Dobson M, Ramakrishnan G, Ma S, Kaplun L, Balan V, Fridman R, 
Tzivion G. Bimodal regulation of FoxO3 by AKT and 14-3-3. Bio-
chim Biophys Acta, 2011, 1813: 1453–1464 

37 Chung YM, Park SH, Tsai WB, Wang SY, Ikeda MA, Berek JS, 
Chen DJ, Hu MC. FOXO3 signalling links ATM to the p53 apoptotic 



 Chen JY, et al.   Sci China Life Sci   April (2014) Vol.57 No.4 421 

pathway following DNA damage. Nat Commun, 2012, 3: 1000 
38 Miyaguchi Y, Tsuchiya K, Sakamoto K. P53 negatively regulates the 

transcriptional activity of FOXO3a under oxidative stress. Cell Biol 
Int, 2009, 33: 853–860 

39 Zhang Y, Lin SX, Hua Q, Yang KY, Yao N, Yi LS, Wang AM, Chen 
WJ. Chen JY. Notoginseng and gardenia effective components re-
move amyloid proteins in the AD transgenic mice brain (in Chinese). 
Chin Pharmacol Bull, 2012, 28: 173–179 

40 Knops J, Suomensaari S, Lee M, McConlogue L, Seubert P, Sinha S. 

Cell-type and amyloid precursor protein-type specific inhibition of A 
beta release by bafilomycin A1, a selective inhibitor of vacuolar 
ATPases. J Biol Chem, 1995, 270: 2419–2422 

41 Chen JY, Chen WJ, Li J, Ding HM, Liang M, Wang F, Qian H. Tong 
Luo Jiu Nao can promote synaptic plasticity of nerve cells. Chin J 
Exp Trad Med Form, 2013, 19: 164–167 

42 Yu J, Su J, Zhou T, He YG, Lu J, Li J, He RQ. Uric formaldehyde 
negatively correlates with cognitive abilities in healthy older adults. 
Neurosci Bull, 2014, doi: 10.1007/s12264-013-1416-x 

 
Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction 

in any medium, provided the original author(s) and source are credited. 

 

Supporting Information 

Table S1  Data from flow cytometry using the AnnexinV-FITC/PI apoptosis detection kit 

Table S2  Statistically analytic data for apoptosis with drugs in the presence of formaldehyde 

Table S3  RT-qPCR analytic data for Akt 

Table S4  RT-qPCR analytic data for FOXO3 

Table S5  RT-qPCR analytic data for Bcl2 

Table S6  RT-qPCR analytic data for P53 

Figure S1  The scheme for the usage of drugs.  

Figure S2  Tong Luo Jiu Nao rescues the morphology and increases the number of formaldehyde-treated N2a cells. Conditions were as for Figure 6, except 
cellular morphology (A) and cell density (B) were GP+FA, TLJN+FA, PNS+FA, FA alone, and saline as indicated (provided by Sun et al. [23]). Cells with 
no treatment were used as control. Data are expressed as mean±SD from three independent experiments. **, P<0.01 vs. the control. 

Figure S3  Intact 18S and 28S ribosomal RNA. Conditions for the treatment of cells were as described in Figure 1. Total RNA was extracted from N2a 
cells using Trizol reagent. The integrity of RNA was examined by identifying intact 18S and 28S ribosomal RNA bands by agarose gel electrophoresis. 

Figure S4  Changes in the expression of Akt measured by RT-qPCR analysis. Conditions were the same as in Figure 7 except that Akt was measured.  

Figure S5  Changes in the expression of FOXO3 measured by RT-qPCR analysis. Conditions were the same as in Figure 7 except that FOXO3 was meas-
ured.  

Figure S6  Changes in the expression of Bcl2 measured by RT-qPCR analysis. Conditions were the same as in Figure 7 except that Bcl2 was measured.  

Figure S7  Changes in the expression of Bcl2 measured by RT-qPCR analysis. Conditions were the same as in Figure 7 except that p53 was measured.  
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