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List of abbreviations 

UTI- urinary trypsin inhibitor  
CA: cardiac arrest  
CPR: cardiopulmonary resuscitation 
Atg5: autophagy protein 5  
LC3: microtubule-associated protein 1A/1B-light chain 3  
Nrf2: nuclear factor (erythroid-derived 2)-like 2  
ARE: antioxidant response element  
mNSS: modified neurological severity score 
TUNEL: terminal deoxynucleotide transferase-mediated dUTP nick-end labeling 
PIC: pro-inflammatory cytokine 
SQSTM1: sequestosome 1  
8-iso PGF2α: 8-isoprostaglandin F2α 
NQO1: NADPH quinone oxidoreductase-1 
3-MA: 3-methyladenine  
HIF-1α: hypoxia inducible factor-1α  
PARs: proteinase-activated receptors 
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Summary 

Ulinastatin [or called as urinary trypsin inhibitor (UTI)] plays a role in regulating neurological 

deficits evoked by transient cerebral ischemia. However, the underlying mechanisms still need 

to be determined. The present study was to examine the effects of UTI on autophagy, Nrf2-ARE 

and apoptosis signal pathway in the hippocampus in the process of neurological functions after 

cerebral ischemia using a rat model of cardiac arrest (CA). CA was induced by asphyxia followed 

by cardiopulmonary resuscitation (CPR) in rats. Western Blot analysis was employed to 

determine the expression of representative autophagy (namely, Atg5, LC3, Beclin 1), p62 

protein (a maker of autophagic flux), and Nrf2-ARE pathways. Neuronal apoptosis was 

assessed by determining expression levels of Caspase-3 and Caspase-9, and by examining 

terminal deoxynucleotide transferase-mediated dUTP nick-end labeling (TUNEL). The modified 

neurological severity score (mNSS) and spatial working memory performance were used to 

assess neurological deficiencies in CA rats.  Our results show that CA amplified autophagy and 

apoptotic Caspase-3/Caspase-9, and downregulated Nrf2-ARE pathway in the hippocampus CA1 

region. Systemic administration of UTI attenuated autophagy and apoptosis, and largely 

restored Nrf2-ARE signal pathway following cerebral ischemia and thereby alleviated 

neurological deficits with increasing survival of CA rats. Our data suggest that UTI improves the 

worsened protein expression of autophagy and apoptosis, and restores Nrf2-ARE signals in the 

hippocampus and this is linked to inhibition of neurological deficiencies in transient cerebral 

ischemia. UTI plays a beneficial role in modulating neurological deficits induced by transient 

cerebral ischemia via central autophagy, apoptosis and Nrf2-ARE mechanisms. 

Key Words: Ulinastatin; cardiac arrest; cerebral ischemia; autophagy; apoptosis; 

cardiopulmonary resuscitation 
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Introduction 

During cardiac arrest (CA) occurs, blood flow and oxygen delivery are abruptly halted and 

this leads to systemic ischemic injury in various organs including brain (Nolan et al. 2008). 

Although cardiopulmonary resuscitation (CPR) is applied inadequate blood flow and tissue 

oxygen delivery still persist due to myocardial dysfunction, hemodynamic instability and 

microvascular dysfunction. Thus, it is important to study signal pathways involved in 

neuroprotective effects and further determine biological agents that can attenuate damages 

evoked by transient cerebral ischemia.    

Ulinastatin, also called urinary trypsin inhibitor (UTI), is a glycoprotein that acts as a trypsin 

inhibitor (Inoue and Takano 2010). It can be derived from urine or synthetically produced and 

conventionally effective in treatment of acute and chronic pancreatitis, toxic shock and sepsis 

etc. (Inoue and Takano 2010, Wang et al. 2013, Karnad et al. 2014). It has also been reported 

that UTI suppresses neutrophil accumulation and activity. The genes and proteins regulated by 

UTI are implicated in the inflammatory process (Inoue et al. 2008). Therefore, UTI is not just a 

protease inhibitor, but can also prevent inflammation and cytokine-dependent signaling 

pathways. In preclinical and clinical studies, UTI has been reported to protect against acute lung 

injury, graft ischemia/reperfusion injury, renal failure after cardiopulmonary bypass, severe burn 

injury and septic shock (Inoue and Takano 2010). Our recent study further demonstrated that 

systemic administration of UTI can attenuate amplification of central pro-inflammatory cytokine 

(PIC) signal pathway in a rat model of cerebral ischemia induced by CA thereby leading to 

improvement of neurological Severity Score, brain tissue edema and survival (Jiang et al. 2016). 

Consistent with this result, UTI has been reported to attenuate neuronal nuclear factor (NF)-κB 

and PICs and further improve neural functions, and inhibition of PICs leads to downregulation of 

https://en.wikipedia.org/wiki/Glycoprotein
https://en.wikipedia.org/wiki/Trypsin_inhibitor
https://en.wikipedia.org/wiki/Trypsin_inhibitor
https://en.wikipedia.org/wiki/Urine
https://en.wikipedia.org/wiki/Acute_pancreatitis
https://en.wikipedia.org/wiki/Toxic_shock_syndrome
https://en.wikipedia.org/wiki/Sepsis
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Ischemia
https://en.wikipedia.org/wiki/Reperfusion_injury
https://en.wikipedia.org/wiki/Cardiopulmonary_bypass
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apoptotic signals (Sui et al. 2014, Liu et al. 2016, Xing and Lu 2016).  These data indicate the 

beneficial role played by UTI in alleviating cerebral ischemia reperfusion injury. Nonetheless, 

the underlying mechanisms leading to the effects of UTI on ischemic insults still need to be 

determined.  

As an alternative cell death program, autophagy is considered as an important non-apoptotic 

cell death pathway (Blumberg et al. 1997, Edinger and Thompson 2004). Autophagy can be 

stimulated in both adult and neonatal animals, and it also contributes to ischemic neuronal injury 

(Northington et al. 2011). Prior studies have frequently shown that the inhibition of autophagy 

signal protects cell death caused by ischemic brain injury (Koike et al. 2008, Lu et al. 2015). 

Nonetheless, there is lacking of evidence showing that UTI influences autophagy signal in 

contribution to improvement of cerebral ischemia following CA. Evidence provided by such line 

of experiments would be significant for a clinical application of UTI.   

In light of effective autophagy signal responsible for UTI in response to cerebral ischemic 

conditions, in the present study, we determined the protein expression levels of representative 

autophagy such as Atg5, LC3 (including cytosolic LC3 and autophagosomes bound part of LC3) 

and Beclin 1 in the hippocampus CA1 of rats after CA induced-transient cerebral ischemia. In 

addition, we determined the levels of p62 protein [also called sequestosome 1 [(SQSTM1), a 

maker of autophagic flux]. We postulated that CA can upregulate Atg5, LC3 and Beclin 1 and 

this leads to a decrease in the levels of p62 protein. We hypothesized that UTI attenuates the 

protein expression of Atg5, LC3 and Beclin 1 in hippocampus CA1 region of ischemic rats and 

thereby recovers the levels of p62 protein.  



6 
 

  Nuclear factor (erythroid-derived 2)-like 2 (Nrf2, also known as NFE2L2) is a transcription 

factor and as a basic leucine zipper protein it regulates the expression of antioxidant proteins that 

protect against oxidative damage triggered by injury and inflammation (Moi et al. 

1994).  Numerous drugs that stimulate the Nrf2 pathway have been reported for treatment of 

diseases caused by oxidative stress (Gold et al. 2012). Thus, in this study we measured the levels 

of 8-isoprostaglandin F2α (8-iso PGF2α, a product of oxidative stress) in hippocampus in order 

to determine the engagement of oxidative stress, and Nrf2-antioxidant response element (ARE) 

pathway in the hippocampus following CA. We hypothesized that UTI upregulates Nrf2 signal 

and Nrf2-regulated NADPH quinone oxidoreductase-1 (NQO1), and this decreases oxidative 

production and attenuates apoptotic signal in hippocampus CA1 of ischemic animals. Our overall 

hypothesis was that UTI plays a beneficial role in modulating neurological deficits evoked by 

cerebral ischemia via improving central autophagy, Nrf2-ARE and apoptosis mechanisms. 

     In general, in the pathophysiological process of diseases apoptosis and autophagy play an 

important role. i.e., the prior study has suggested that these signals are engaged in transient 

cerebral ischemia (Cui et al. 2016). UTI plays a beneficial role in regulating neurological 

dysfunctions evoked by cerebral ischemia, and PIC signal and apoptosis mechanisms are likely 

engaged in the effects (Sui et al. 2014, Jiang et al. 2016, Liu et al. 2016, Xing and Lu 2016).  

However, the effects of UTI on autophagy and Nrf2 signals are lacking. Thus, in the present 

study we have emphasized engagement of autophagy and Nrf2. In order to better assess the 

effects of UTI, we have also examined its effects on apoptosis.  

Materials and Methods 

https://en.wikipedia.org/wiki/Transcription_factor
https://en.wikipedia.org/wiki/Transcription_factor
https://en.wikipedia.org/wiki/BZIP_domain
https://en.wikipedia.org/wiki/Antioxidant
https://en.wikipedia.org/wiki/Oxidative_stress


7 
 

All the animal procedures were approved by the Institutional Animal Care & Use 

Committee of Jilin University, which were in compliance with the Guideline for the Care and 

Use of laboratory Animals of the International Association for the Study of Pain. Male Sprague–

Dawley rats (200–300g; 6-8 weeks) were used in our experiments.  

The ischemia was produced in the CA model induced by asphyxia. Briefly, rats were 

anesthetized with an isoflurane-oxygen mixture (2-5% isoflurane in 100% oxygen). An 

endotracheal tube was first inserted and attached to a ventilator. The ventral tail artery was 

cannulated to monitor systemic arterial pressure. The right jugular vein was cannulated for a 

continuous infusion of saline (at a rate of 0.1 ml/hour) to maintain baseline blood pressure and 

fluid balance using a syringe pump. Body temperature was continuously monitored and 

maintained at 37°C with a heating pad and external heating lamps. Heart activity was monitored 

via recording electrocardiography using electrodes placed on the skin. Asphyxia was induced by 

stopping mechanical ventilation and clamping the tracheal tubes at the end of expiration. 

Resuscitation efforts began 6 min following CA was induced. For this purpose, rats were 

orotracheally intubated for mechanical ventilation accompanied by chest compression delivered 

by a mechanical compressor at a rate of 200/min for 5 min. Once spontaneous heartbeat returned, 

epinephrine (2 µg) was administered to achieve a mean arterial blood pressure of >80 mmHg. 

Ventilation was adjusted for animals to regain spontaneous respiration and achieve normoxia. In 

the sham operated animals, the same surgical procedures were performed without cardiac arrest 

and resuscitation. 

The rats were divided randomly. Group 1 (n=12): the rats received the same surgical 

procedures and endotracheal intubation was performed with no asphyxia and CPR. Group 2 

(n=18): CA and CPR were performed and 0.5 ml of saline (i.p., every 12 hours for 7 days) was 



8 
 

given after CA. Group 3 (n=25): CA and CPR were carried out and 20000 units/kg body weight 

of UTI (i.p., every 12 hours for 7 days) was injected after CA (Sui et al. 2014, Li et al. 2017b). 

In additional group, in order to determine effectiveness of UTI 3-methyladenine (3-MA, inhibitor 

of autophagy; 15 mg/kg/day, i.p.) (Li et al. 2017a) was injected in CA rats (n=5). At the end of 

each experiment, the rats were sacrificed and then the hippocampus was taken out for 

biochemical measurements. 

Seven days after the rats received all the treatments, the modified method of Neurological 

Severity Score (mNSS) was used to examine neurological functions in this study as described 

previously (Jiang et al. 2016). Note that mNSS was generally used to assess a combination of 

motor, sensory, and balance functions. Neurological function was graded on a scale of 0–18 

(normal score, 0; maximal deficit score, 18). If we found that mNSS score of rats was > 0 before 

CA, this indicated that the rats were abnormal and they were excluded from the experiment. It is 

noted that the experiments were performed in a blind manner. 

Spatial working memory performance was assessed by recording spontaneous alternation 

performance in a Y-maze. The maze was made of grey-painted vinyl-chloride. Each arm was 50 

cm long, 30 cm high and 10 cm wide and converged at an equal angle. Each rat was placed at the 

center of the maze and allowed to move freely through it during an 8-minute period. The 

numbers of arm entries were recorded. An alternation was defined as entries into all arms. The 

percentage of alternation was calculated as (actual alternations /total entered-2) x100. 

The tissues from individual rats were sampled for the analysis. In brief, the hippocampus 

CA1 region of the rats was removed under an anatomical microscopy. Total protein was 

extracted by homogenizing the hippocampus sample in ice-cold immunoprecipitation assay 
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buffer with protease inhibitor cocktail kit.  The lysates were centrifuged and the supernatants 

were collected for measurements of protein concentrations using a bicinchoninic acid assay 

reagent kit. 

The levels of 8-iso PGF2α were examined using an ELISA assay kit (Promega Co. Madison, 

WI) according to the provided description and modification. Briefly, polystyrene 96-well 

microtitel immunoplates were coated with affinity-purified rabbit anti-8-iso PGF2α antibodies. 

Parallel wells were coated with purified rabbit IgG for evaluation of nonspecific signal. After 

overnight incubation, plates were washed. Then, the diluted samples and 8-iso PGF2α standard 

solutions were distributed in each plate. The plates were washed and incubated with anti-8-iso 

PGF2α galactosidase. Then, the plates were washed and incubated with substrate solution. After 

incubation, the optical density was measured using an ELISA reader.  

After being denatured by heating at 95°C in an SDS sample buffer, the supernatant samples 

were loaded onto Mini-Protean TGX Precast gels and electrically transferred to a polyvinylidene 

fluoride membrane. The membrane was then incubated overnight with primary antibodies: rabbit 

anti-Atg5, Anti-LC3/B, Anti-Beclin 1, anti-p62 protein, anti-Nrf2, anti-NQO1, anti-Caspase -

3/Caspase-9 (cleaved form). After being fully washed, the membrane was incubated with 

horseradish peroxidase-linked anti-rabbit secondary antibody and visualized for 

immunoreactivity. All antibodies were obtained from the Abcam Co. and Santa Cruz Biotech. 

The membrane was stripped and incubated with mouse anti-β-actin to show equal loading of the 

protein. The bands recognized by the primary antibody were visualized by exposure of the 

membrane onto an X-ray film. Then, the film was scanned and the optical densities of Atg5, 

LC3, Beclin 1, p62 protein, Nrf2, NQO1, Caspase-3/Caspase-9 and β-actin bands were 

determined using the Scion Software. Values for densities of immunoreactive bands/β-actin band 
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from the same lane were determined. Each of the values was then normalized to a control 

sample. 

Neuronal apoptosis in the hippocampus CA1 region was assessed by examining terminal 

deoxynucleotide transferase-mediated dUTP nick-end labeling (TUNEL) staining using an in situ 

cell death detection kit (Roche) according to the manufacturer’s recommendations. TUNEL-

positive neurons in the hippocampus were observed using a Nikon fluorescence microscope. The 

number of viable TUNEL-positive neurons in the hippocampus was counted in the predefined 

area (0.25 mm²) at a magnification of 400-fold (Gao et al. 2012) using Nis-Elements software. 

Experimental data were analyzed using one-way repeated measures analysis of variance 

(ANOVA).  As appropriate, Tukey’s post hoc tests were used.  All values were presented as 

mean ± standard deviation.  For all analyses, differences were considered significant at P < 0.05.  

All statistical analyses were performed using SPSS for Windows version 20.0. 

Results 

The survival rate of 7 days was 100% (12/12 rats) in sham control rats; 60% (18/30 rats) in 

CA rats; 83% (25/30 rats) in CA rats injected with UTI. It is noted that the survival rate was 

increased when CA rats received UTI treatment as compared to CA rat without treatment. Data 

obtained from those survival rats were included for the analysis in this report. 

Figure 1A illustrates the protein expression of representative autophagy including Atg5, LC3 

band I and II (indicating cytosolic LC3 and autophagosomes bound part of LC3, respectively) 

and Beclin 1, and p62 protein, a maker of autophagic flux. Atg5, LC3 and Beclin 1 were 

upregulated and p62 protein was decreased in the hippocampus CA1 region of CA rats as 
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compared with control animals (P<0.05, control vs. CA group; n=6 in each group). This figure 

also shows that UTI significantly attenuated the amplified autophagy and recovered the levels of 

p62 protein (P<0.05, CA rats vs. CA rats with UTI; n=6 in CA group and n=8 in CA rats with 

UTI). Figure 1A further shows that the protein expression levels of Nrf2 and Nrf2-regulated 

NQO1 were decreased in CA rats and UTI can restore impaired Nrf2 signal expression (P<0.05, 

CA rats vs. controls and CA rats with UTI; n=6-8). Note that expression of autophagy, Nrf2 and 

NQO1 was not significantly changed by UTI in control group. 

In order to determine effectiveness of UTI, we also examined the protein expression levels of 

LC3 in CA1 region of CA rats (n=5) that were injected with 3-MA inhibiting autophagy signal.  

Figure 1B demonstrates that 3-MA significantly attenuated LC3, but failed to significantly alter 

Nrf2 and NQO1. This suggests that the effects of UTI on Nrf2 signal were likely independent of 

autophagy.  

Figure 2A shows that 8-iso PGF 2α was increased in the hippocampus of CA rats (P <0.05 

vs. control rats, n=12 in control and n=18 in CA rats). It is noted that administration of UTI 

significantly attenuated increases of 8-iso PGF2α (P <0.05 vs. CA rats without treatment; n=25 

in CA rats plus UTI). There were no significant differences observed in the levels of 8-iso 

PGF2α between control group and CA group with UTI (P >0.05).  

In addition, Figure 2B illustrates that induction of CA significantly increased the protein 

expression of cleaved form of Caspase-3 and Caspase-9 in the hippocampus CA1 region (P 

<0.05, control rats vs. CA rats; n=6-8 in each group). As UTI was injected, expression of both 

Caspase-3 and Caspase-9 was significantly decreased. Note that there were no significant 

differences in the levels of Caspase-3 and Caspase-9 in control rats and CA rats that received 
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UTI. Furthermore, Figure 2C shows that the number of TUNEL-positive neuronal cells was 

greater in the hippocampus CA1 region of CA rats than that in control rats and UTI significantly 

attenuated an increase of TUNEL-positive neuronal cells in CA rats. 

Figure 3A shows that CA increased the mNSS in rats (P<0.05, control rats vs. CA rats; n=12 

in control and n=18 in CA group). This figure further demonstrates that UTI significantly 

attenuated the impaired mNSS in animals following CA (P<0.05, CA rats with no treatment vs. 

CA rats with UTI; n=25 in CA group with UTI).  

Spatial working memory performance was also assessed by recording spontaneous 

alternation performance. Likewise, Figure 3B shows that the percentage of spontaneous 

alternation was impaired in CA rats as compared with control rats. A decrease of spontaneous 

alternation was largely recovered in CA rats with injection of UTI. In addition, the number of 

arm entries was determined by counting the number of arms each animal entered in the maze 

during the test as a measure of activity level. No significant differences in the number of arm 

entries were observed among three groups. The number of arm entries for each group was: 

control rats (n=12), 14.9 ± 2.7; CA rats (n=18), 15.7 ± 3.3; CA rats injected with UTI (n=25), 

15.2 ± 3.5, respectively (P > 0.05 among three groups).  

Discussion 

In the present study, we provided evidence showing that CA-induced transient cerebral 

ischemia upregulates autophagy protein expression, namely Atg5, LC3 and Beclin 1 in the 

hippocampus CA1. A decrease in the levels of p62 protein in the hippocampus of CA rats was 

also evidenced to support the engagement of autophagy.  Importantly, amplification of the 

autophagy protein expression was attenuated in CA rats following systemic administration of 
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UTI.  Moreover, in the present study we found that CA-induced cerebral ischemia impairs the 

protein expression of Nrf2-ARE signal in the hippocampus of CA rats. It is noted that UTI can 

largely recover impairment of Nrf2-ARE following CA.  

Under normal or unstressed conditions, Nrf2 is kept in the cytoplasm by a cluster of proteins 

that degrade it quickly (Itoh et al. 1997, Yamamoto et al. 2008, Sekhar et al. 2010). Under 

oxidative stress, Nrf2 is not degraded, but it travels to the nucleus where Nrf2 binds to a DNA 

promoter and initiates transcription of anti-oxidative genes and their proteins (Itoh et al. 1997, 

Yamamoto et al. 2008, Sekhar et al. 2010). In the nucleus, Nrf2 combines (forms a heterodimer) 

with a small Maf protein and binds to the ARE in the upstream promoter region of many anti-

oxidative genes, and initiates their transcription (Yamamoto et al. 2008).  In the present study, 

our data show that CA impairs the protein expression levels of Nrf2-ARE pathway in the 

hippocampus. It was also observed that Nrf2 and NQO1 are not significantly altered by blocking 

autophagy per se although a production of reactive oxygen species (8-iso PGF2α) and apoptotic 

signals (Caspase-3 and Caspase-9) are effectively attenuated in the hippocampus by UTI. This 

indicates that protective mechanisms by Nrf2-ARE are likely independent of autophagy 

following cerebral ischemia. Nevertheless, we found that UTI can restore impaired levels of 

Nrf2-ARE. Thus, activation of Nrf2-ARE pathway is implicated for benefits to ischemic brain 

injuries that are associated with inflammation and oxidative stress (Gold et al. 2012).  

      In our present study, we have demonstrated that UTI attenuated autophagy and Caspase-

3/Caspase-9 and improved the mNSS in CA rats. We have further demonstrated that 3-MA 

effectively attenuated autophagy. Thus, we speculated that it would improve the worsen mNSS 

caused by cerebral ischemia if autophagy inhibitor 3-MA was applied. 

https://en.wikipedia.org/wiki/MAF_(gene)
https://en.wikipedia.org/wiki/Promoter_region
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A recent study has demonstrated that CA increases PICs including IL-1β, IL-6 and TNF-α 

and upregulates their receptors IL-1R, IL-6R and TNFR1 in the hippocampus (Xing and Lu 

2016). Systemic administration of hypoxia inducible factor-1α (HIF-1α) stimulator or blocking 

HIF-1α breakdown attenuates the exaggerated PIC signals in the hippocampus induced by CA 

(Xing and Lu 2016), and as a result neuronal apoptosis and neurological deficits are attenuated 

(Liu et al. 2016). This prior study has also shown that stabilizing HIF-1α significantly attenuates 

increases of Caspase-3 and TUNEL evoked by induction of CA, and thus improves neurological 

deficits and neuronal edema (Liu et al. 2016). In particular, recent studies further suggest that 

systemic administration of UTI plays a protective role in regulating neurological deficits 

observed in CA rats via central PIC mechanisms (Sui et al. 2014, Jiang et al. 2016).   

In the current study, we found that systemic injection of UTI attenuates amplification of 

Caspase-3 and Caspase-9 indicating cell apoptosis in the hippocampus CA1 region.  As a result, 

UTI also decreases an increase of TUNEL positive staining, labeling of apoptotic cell. Data of 

our current study provide direct evidence suggesting that UTI is likely involved in 

neuroprotective effects and attenuating neuronal damages evoked by cerebral ischemia via 

apoptotic Caspase-3/Caspase-9 signal pathway. Importantly, UTI can improve neurological 

Severity Score, learning performance and survival in CA rats. Thus, our data suggest a beneficial 

role played by UTI in modulating cerebral ischemia induced by CA and further indicate that 

autophagy, Nrf2-ARE and apoptosis mechanisms are involved in the effects of UTI.     

It should be noted that UTI is a protease inhibitor and administration of UTI is likely to 

attenuate activity of protease in the present study. Since protease can activate proteinase-

activated receptors (PARs; i.e., PAR2) (Cottrell et al. 2003), it is well reasoned that PAR2 may 

be involved in the effects of UTI observed in the present study after its administration. 
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In conclusion, transient cerebral ischemia induced by CA increases the protein expression 

levels of autophagy and apoptotic Caspase-3 and Caspase-9, and also impairs Nrf2-ARE signal 

in the hippocampus CA1 region. Systemic administration of UTI can attenuate amplification of 

autophagy such as Atg5, LC3 and Beclin 1 and Caspase-3 and Caspase-9, and further recover 

deficiency of Nrf2-ARE in ischemic animals. Thus, this improves neurological Severity Score, 

memory performance and survival in CA rats. Our data indicate the beneficial role played by 

UTI in alleviating cerebral ischemia reperfusion injury via autophagy, Nrf2-ARE and apoptosis 

mechanisms.  
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Figures and figure legends 

Figure 1. Protein expression levels of autophagy and Nrf2-ARE signal. 

 

(A). Top panel and bottom panel are representative bands and averaged data: Atg5, LC3 (band I 
& II) and Beclin 1 were increased, and p62 protein was decreased in the hippocampus CA1 
region of CA rats and UTI attenuated upregulation of autophagy and downregulation of p62 
protein induced by CA. Nrf2 and NQO1 were decreased in the hippocampus of CA rats and UTI 
can restore impaired Nrf2 and NQO1. *P<0.05, CA rats vs. control rats and CA rats injected with 
UTI. n=6 in each of control and CA groups; n=8 in CA rats with UTI. (B). Averaged data and 
representative bands: 3-MA effectively attenuated LC3 (band I & II) in the hippocampus of CA 
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rats with no significant effects on Nrf2 and NQO1. *P<0.05, CA group vs. control and CA plus 
3-MA for LC3; and vs. control for Nrf2 and NQO1. n=5 in CA rats injected with 3-MA. 
 
 

Figure 2. Oxidative product and apoptotic signal.  
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(A&B). Induction of CA amplified the levels of oxidative product 8-iso PGF2α and Caspase-
3/Caspase-9 in the hippocampus CA1 region. Systemic administration of UTI attenuated 
increases of 8-iso PGF2α, and upregulation of cleaved form of Caspase-3/Caspase-9 in CA rats. 
*P < 0.05 vs. control rats and CA rats injected with UTI. For measurement of 8-iso PGF2α, n=12 
in control; =18 in CA group; and =25 in CA group with UTI. For protein expression of Caspase-
3/Caspase-9, n= 6-8 in each group. (C). Representative images and averaged data illustrating that 
a greater number of TUNEL-positive neuronal cells appeared in the hippocampus CA1 region of 
CA rats as compared with control rats. UTI significantly attenuated an increase of TUNEL-
positive neuronal cells in CA rats. There were no significant differences observed in the number 
of TUNEL positive neurons between control rats and CA rats with UTI. *P<0.05 vs. control rats 
and CA rats injected with UTI. The number of animals =8-10 in each group.  
 

Figure 3. Neurological functions.  

 

(A). The mNSS was increased in rats after CA and it was significantly improved by systemic 
administration of UTI.  (B). Spatial working memory performance was decreased in CA rats and 
this was greatly restored by UTI. *P<0.05 vs. control rats and CA rats injected with UTI. The 
number of rats=12 in control; =18 in CA group; and =25 in CA group with UTI.  


