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23-Hydroxytormentic acid reduces cerebral ischemia/reperfusion
damage in rats through anti-apoptotic, antioxidant,
and anti-inflammatory mechanisms
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Abstract
23-Hydroxytormentic acid (23-HTA) is an important herbal medicine purified from immature fruits of African Rubus aceae
(Rosaceae). This study was carried out to examine the protection properties and potential mechanisms of 23-HTA against
cerebral ischemia/reperfusion (I/R) damage. Rats underwent middle cerebral artery occlusion/reperfusion (MCAO/R) 2/24 h.
All animals were euthanized 24 h after reperfusion. Rats were injected with various concentrations of 23-HTA intraperitoneally.
Evaluations of infarct volumes, neurological deficit, and brain water contents were carried out to assess the outcome of 23-HTA
treatment. The results showed that 23-HTA reduced infarct volumes, brain water content, and neurological deficit in a dosage-
dependent manner. 23-HTA can also significantly reduce the numbers of TUNEL-positive cells, the expression levels of Bax,
caspase-3, lipid peroxidation, Sod 1, Sod 2, catalase, and pro-inflammatory cytokines TNF and IL-1β and increase the expression
levels of Bcl-2 and p-Akt. 23-HTA has a neuroprotective effect due to its anti-apoptotic, antioxidant, and anti-inflammatory
effects.
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Introduction

Cerebral ischemic vascular disease has become a severe dis-
ease with high morbidity, disability, and mortality worldwide
(Faris et al. 2020; Murphy and Werring 2020; Shukla et al.
2017). Timely restoration of blood supply to the brain tissue is
the best way to save the life of patients with brain ischemia
(Faris et al. 2020; Mayor and Tymianski 2018). However, the
restoration of blood flow perfusion brings new damage to the
brain tissue, which is ischemia-reperfusion (I/R) damage
(Xiao et al. 2017). Searching for effective approaches to re-
duce reperfusion damage has become a popular research topic
(LeBaron et al. 2019; Sarkar et al. 2019; Yang et al. 2019).
The mechanism of I/R damage is complex (Chen et al. 2018;
Liao et al. 2020). At present, it is believed that multiple bio-
logically activemolecules and intracellular signal transduction

pathways are involved, such as reperfusion-caused bursts of
reactive oxygen species (ROS), nitric oxide (NO), cellular
inflammation, autophagy, and apoptosis. Irregular changes
of these factors may eventually aggravate brain damage and
endanger patients’ lives (Chumboatong et al. 2017). Extensive
efforts have been made on exploring the mechanisms of I/R
damage. A variety of prevention and treatment methods have
been developed to reduce cerebral I/R damage, such as drug
pretreatment and ischemic post-treatment (Arslan et al. 2019;
He et al. 2017).

It is well-established that inflammation, oxidation, and cell
apoptosis could further damage brain cells and tissues.
Previous studies have revealed a variety of antioxidants to
attenuate the cerebral I/R damage in animals, such as
Clostridium butyricum pretreatment (Sun et al. 2016), thalid-
omide (Palencia et al. 2015), hydrogen sulfide (Gheibi et al.
2014). The extract and effective compound from herbal med-
icine has also been demonstrated to have protective effects on
cerebral I/R damage, including Danhong injection (He et al.
2012), Qishiwei Zhenzhu pills (Xu et al. 2020), and Bunao
Fuyuan decoction (Gao and Gu 2020). Chinese herbal medi-
cine monomer refers to a single compound extracted from
Chinese herbal medicine. An increasing number of Chinese
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herbal medicines have been shown to be effective in treating
cerebral I/R damage. For example, galuteolin, salidroside, and
apigenin have protective effects on cerebral I/R damage (Ling
et al. 2020; Yang et al. 2020b; Zhu et al. 2020). In the present
study, we aimed to explore a new drug for the ischemic post-
treatment.

Rubiaceae are a family of flowering plants, such as coffee,
madder, or bedstraw family, which consist of terrestrial trees,
shrubs, lianas, and herbs (Della et al. 2018). African Rubus
aceae is a genus of Rosaceae in the Rosaceae family, includ-
ing blackberries and raspberries (Henderson 2006). 23-
Hydroxytormentic acid (23-HTA) is an important herbal med-
icine purified from immature fruits of African Rubus aceae
(Rosaceae) (Nam et al. 2006). In a previous study, it was
observed that 23-HTA, isolated from unripe fruits of Rubus
coreanus, had anti-nociceptive, anti-inflammatory, anti-
gastropathic, anti-oxidation, and anti-rheumatic effects in an-
imal models (Kim et al. 2011a; Nam et al. 2006; Youn et al.
2017). Besides, it was also revealed that 23-HTA could ame-
liorate cisplatin-related toxicity by modulating the expression
of antioxidant enzymes (Kim et al. 2011a). Considering its
superior ability in anti-inflammation and anti-oxidation, we
investigated the protective effect of 23-HTA on cerebral I/R
damage in rats and the possible mechanisms underlying these
effects.

Materials and methods

Rats

Adult male Sprague-Dawley rats (around 200 g) were obtain-
ed from the Animal Center of Shandong University. Rats were
kept at 24 °C with a 12/12-h day/night cycle. Rats had free
access to eat or drink. All animal experiments were approved
by the Animal Usage Committee of 80th ArmyHospital of the
Chinese People’s Liberation Army and carried out at this hos-
pital. All experimental procedures were conducted following
the National Institute of Health Laboratory Animal Protection
and Use Guidelines.

Focal cerebral I/R model

Briefly, rats were anesthetized intraperitoneally (IP) with 3%
sodium pentobarbital (30 mg/kg body weight, P3761, Sigma,
USA, USA), and the temperature was kept at 37 °C through-
out the experiment. After skin and muscle incisions, the left
common carotid artery (CCA) was exposed and clamped with
arterial clamps to isolate and ligate the external carotid artery
(ECA). A nylon monofilament with a heparin-coated tip (stan-
dard diameter of 0.25–0.28 mm) (Beijing Shunsheng
Biotechnology Co., Ltd., Beijing, China) was inserted from
the CCA to the internal carotid artery (ICA) until resistance

was encountered. A laser Doppler flowmeter (LDF,
PeriFlux5000, China) reduced regional cerebral blood flow
(rCBF) to less than 20% of baseline in the cerebral cortex
region supplied by the midbrain, indicating successful occlu-
sion. After 2 h of MCAO (Li et al. 2017; Wen et al. 2018),
reperfusion was conducted by taking out the monofilament.
The sham rats had MCAO surgery but without monofilament.

Drug injection

A total of 150 rats were randomly divided into 5 groups: (1) In
the sham operation group (n = 30), except that no line was
inserted in CCA, all were treated with MCAO surgery. (2)
In the I/R group (n = 30), ligated for 2 h and reperfusion for
24 h. (3–5) In the low-dosage 23-HTA (SMB00242, Sigma,
purity ≥ 98%; Fig. 1a) (20 mg/kg) (n = 30), medium-dosage
23-HTA (40 mg/kg) (n = 30), and high-dosage 23-HTA
(80 mg/kg) (n = 30) group, rats were given a slow intraperito-
neal injection of 23-HTA (20, 40, 80 mg/kg) 2 h after the
ischemic attack. In this study, we examined the effect of 23-
HTA (5–160 mg/kg) on focal cerebral ischemic damage and
explored the optimal dosage that provides the greatest protec-
tive effects against brain I/R damage (data not available dis-
play). 23-HTA was dissolved in ethanol and diluted with
physiological saline to a final ethanol concentration of 5%
(Li et al. 2018). Rats in the sham operation group and the I/
R group received an equal volume of vehicle (5% ethanol in
normal saline) simultaneously. After 24 h of reperfusion, rats
were euthanized. For euthanasia, rats were deeply anesthe-
tized intraperitoneally with 3% sodium pentobarbital
(30 mg/kg body weight). Sacrifice was through cervical dis-
location. The specific experimental design of this study is
shown in Fig. 1b.

Evaluations of infarct volumes, neurological deficit,
and brain water contents

Cerebral infarction volume was measured with 2,3,5-
triphenyltetrazole chloride (TTC, T8877, Sigma) staining.
Briefly, after reperfusion, rats (n = 6) were anesthetized and
decapitated. The brain was dissected and sectioned. Five 1.5-
mm-thick sections were sliced and stained with 1% TTC for
30 min and then fixed with 4% paraformaldehyde. Infarcted
tissue was unstained (white), while normal tissue was stained
red. The stained sections were digitally photographed and the
volume of each section was determined using the ImageJ soft-
ware (National Institutes of Health, Bethesda, MD). Percent
infarct was calculated by dividing the infarct volume by the
total volume of all sections.

According to the method described previously, a single
observer blinded to group assignment performed neurological
testing (Longa et al. 1989) as described: 0 points, rats behaved
normally; 1 point, rats were unable to fully extend the left
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foreleg; 2 points, rats turned around; 3 points, rats fell to the
left; and 4 points, rats could not move by itself and loses
consciousness.

Brain water content was measured 24 h after reperfusion
(n = 6). The infarcted cerebral hemispheres were quantified
with an electronic scale (wet weight), dried in a drying cabinet
at 105 °C overnight, and then weighed (dry weight). The total
brain fluid was calculated as [(wet-dry weight)/wet weight] ×
100% (Swanson et al. 1990).

TUNEL staining

The TUNEL kit was used to detect apoptosis in the cerebral
cortex (coronal slices, cortex, mainly III–IV, bregma, − 1.0 to
1.0 mm range, n = 6) following the manufacturer’s instruc-
tions (C1091, Beyotime). The frozen tissue sections (5 μm)
were dried and immersed in 1% sodium hydroxide 80% eth-
anol buffer for 5 min, rinsed in 70% ethanol for 2 min, and
then rinsed in distilled water. After washing with phosphate-
buffer saline (PBS) three times, sections were stained with
TUNEL following the manufacturer’s instructions. The

number of TUNEL-positive cells was counted in 6 randomly
selected visual fields under × 400 magnification.

TNF and IL-1β immunoassay

The infarcted areas of the cortex were homogenized by
a protease inhibitor (Sigma, USA) in PBS and centri-
fuged. The supernatant was stored at − 80 °C prior to
use. The expressions of TNF and IL-1β were deter-
mined using TNF and IL-1β ELISA kits (RTA00,
RLB00, R&D Systems, USA).

Lipid hydroperoxide

The degree of lipid peroxidation was measured using an LPO
assay kit (705002, Cayman Chemical Company, Ann Arbor,
MI, USA), and the level of lipid hydrogen peroxide (LPO) in
the infarcted area was measured. Results were represented in
μM lipid hydroperoxide per milligram of protein.

Fig. 1 Effect of 23-HTA on infarct volumes, neurobehavioral outcome,
and brain water contents in rats with brain I/R. aChemical structure of 23-
HTA (C30H48O6, molecular weight: 504.70). b Intraperitoneal injection
of vehicle (5% ethanol in normal saline) and 23-HTA (20, 40, 80 mg/kg).
The sham group and I/R group had the same amount of simultaneously

2 h after ischemic attack. c, d Effect of 23-HTA on infarct volume in brain
I/R rats. e Effect of 23-HTA on neurobehavioral prognosis in rats with
brain I/R. f Effect of 23-HTA on the brain water content in rats with brain
I/R. n = 6. Compared with the sham operation group, ##p < 0.01; com-
pared with the I/R group, *p < 0.05, **p < 0.01
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Western blotting analysis

The infarct area organization came from the left cerebral hemi-
spheres (the damaged hemisphere for MCAO) (n = 6). The
protein from the damaged area was separated on SDS-PAGE
and then transferred to a nitrocellulose membrane. The mem-
brane was blocked with 3% skimmed milk in PBS IX and
blocked with corresponding primary antibodies (Akt, sc-
377457; pAkt, sc-377556; SOD1, sc-17767; SOD2, sc-
137254; catalase, sc-271803; Bcl-2, sc-7382; Bax, sc-70405;
caspase-3, sc-7272; 1: 500, and β- Actin, sc-8432; 1: 2000)
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) and in-
ducible nitric oxide synthase (iNOS) (ab178945; 1:500,
Abcam) at 4 °C for 24 h. The membrane was then treated with
HRP-conjugated secondary antibodies (1:1000) (sc-2004,
Santa Cruz Biotechnology, Santa Cruz, CA, USA). Signals
were detected using the ECL kit (Santa Cruz Biotech.,
USA). The optical density of the bands was quantitatively
analyzed using the ImageJ program (Scion, Frederick, MD,
USA).

Data analyses

Data were expressed as mean ± stand deviation (SD). The
normality of the distribution of data was tested by the
Kolmogorov-Smirnov test. Differences between means were
evaluated by one-way analysis of variance (ANOVA) follow-
ed by Tukey’s test if data conformed to normality and homo-
geneity of variance, or by a non-parametric method (Kruskal-
Wallis test) followed by the Mann-Whitney U test using the
Bonferroni correction if not. The difference was considered
significant when p < 0.05.

Results

Effect of 23-HTA on infarct volumes, behavioral
prognosis, and water contents after brain I/R damage

To assess the effect of 23-HTA on brain I/R damage in
MCAO/R rat models, rats were treated with three different
dosages of 23-HTA. The infarct volume of rat brain was eval-
uated using TTC staining. As shown in Fig. 1 c and d, in
contrast to the sham operation group, the infarct volume in
the I/R rats wasmarkedly enhanced (p < 0.01). Administration
of 23-HTA at 2 h after occlusion could significantly reduce
the infarct volume caused by three dosages of I/R (p < 0.05,
p < 0.01). Moreover, neurological score and brain water con-
tents were also quantified to assess the effect of 23-HTA after
focal I/R. The results showed that brain I/R greatly elevated
neurological score and brain water content (P < 0.01), but 23-
HTA at 20, 40, and 80 mg/kg greatly decreased these

outcomes (p < 0.05, p < 0.01) (Fig. 1 e and f). These data
demonstrated the effect of 23-HTA against brain I/R damage.

Effect of 23-HTA on neuronal apoptosis

As shown in Fig. 2 a and b, cell apoptosis was elevated greatly
in the infarcted areas of the I/R rats (p < 0.01). In contrast, in
the 23-HTA-treated rats, TUNEL-positive staining was mark-
edly decreased (p < 0.05, p < 0.01), indicating that 23-HTA
reduced cell mortality.

To examine the effect of 23-HTA on I/R-caused neuronal
apoptosis, the expressions of Bcl-2, Bax, and caspase-3 were
measured by Western blotting (Fig. 3a). It showed that the
expression levels of Bcl-2 protein were enhanced, while the
expression levels of Bax and caspase-3 were reduced in the
23-HTA-treated group compared to that in the I/R group
(P < 0.05, P < 0.01) (Fig. 3b–d). The Bcl-2/Bax ratio in-
creased in the 23-HTA treatment group (data not shown).
These results indicated that 23-HTA inhibited I/R-caused
apoptosis.

Akt is a Ser/Thr protein kinase that can be activated
through phosphatidylinositol 3-kinase. Akt could promote cell
survival and prevent cell death through the inactivation of pro-
apoptosis protein and activation of anti-apoptosis protein. To
assess the effect of 23-HTA on Akt activities from I/R, Akt
phosphorylation was detected by Western blotting. It showed
increased Akt phosphorylation in the 23-HTA-treated group
compared to that in the I/R group (p < 0.01) (Fig. 4 a and b).
These results indicated that 23-HTA induced Akt activation.

Effects of 23-HTA on I/R-caused oxidation stress

Oxidation stress is important in the initiation and development
of cerebral ischemic damage. To evaluate the effect of 23-
HTA on I/R-caused oxidative stress, LPO analysis was used
to quantify lipid hydroperoxides produced by lipid peroxida-
tion in the infarcted area. It showed that the administration of
23-HTA significantly reduced hydroperoxide levels relative to
the I/R group (p < 0.05, p < 0.01) (Fig. 5a). Anti-oxidation
activation may be related to the factors in the prevention of
neural damage resulted from ischemia-related oxidation
stress. Western blotting was conducted to examine the expres-
sion of Sod1, Sod2, and catalase (Fig. 5b). It showed that the
administration of 23-HTA increased the expression levels of
Sod 1 (Fig. 5c), Sod 2 (Fig. 5d), and catalase (Fig. 5e) com-
pared to that in the I/R group (p < 0.05, p < 0.01). These data
indicated that 23-HTA reduced I/R-caused oxidative stress.

Effect of 23-HTA on I/R-caused inflammations

To assess the effect of 23-HTA on I/R-caused inflam-
mations, the concentrations of the pro-inflammation cy-
tokines IL-1β and TNF-α were detected using ELISA.
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23-HTA injection markedly reduced the concentrations
of TNF-α (p < 0.05, p < 0.01) (Fig. 6a), as well as IL-

1β (p < 0.05, p < 0.01) (Fig. 6b) compared to that in the
I/R rats.

Fig. 2 Effect of 23-HTA on neuronal death using TUNEL staining. Rats
undergo 2 h of ischemia and 24 h of reperfusion. 23-HTA (20, 40,
80 mg/kg) was given 2 h after ischemia. a Representative pictures of
TUNEL staining in each group (× 400 magnification, Bar = 50 μm.). b

Quantitative analysis of neuronal apoptosis. n = 6. Compared with the
sham operation group, ##p < 0.01; compared with the I/R group,
*p < 0.05, **p < 0.01

Fig. 3 Effect of 23-HTA on I/R-caused apoptosis. Rats undergo 2 h of
ischemia and 24 h of reperfusion. 23-HTA (20, 40, 80 mg/kg) was given
2 h after ischemia. aWestern blotting analysis of the expression of Bcl-2,

Bax, and caspase-3. b Bcl-2, c Bax, and d caspase-3 normalized to β-
actin levels. n = 6. Compared with the sham operation group, ##p < 0.01;
compared with the I/R group, *p < 0.05, **p < 0.01
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Effect of 23-HTA on I/R-caused oxidative stress

To assess the effect of 23-HTA on I/R-caused oxidative stress,
the concentrations of inducible nitric oxide synthase (iNOS)
were detected usingWestern blot. 23-HTA injectionmarkedly
reduced the expression levels of iNOS protein (p < 0.05,
p < 0.01) (Fig. 7) compared to that in the I/R rats.

Discussion

Therapeutic treatment is involved in the prevention and treat-
ment of cerebral I/R injury that usually focuses on relieving
oxidative stress, inflammatory response, Na+/H+ exchangers,
NO metabolism, and metabolic additives (Hao et al. 2020). It
is widely accepted that infarct volumes, behavioral prognosis,
and water contents after brain I/R damage could be effective
evaluation indicators for the effects of a therapeutic treatment
(Cao et al. 2007; Li et al. 2020; Wang et al. 2021; Yang et al.
2020a). In a previous study, it was observed that 23-
hydroxytormentic acid (23-HTA), isolated from unripe fruits
of Rubus coreanus, had anti-nociceptive, anti-inflammatory,
anti-gastropathic, anti-oxidation, and anti-rheumatic effects in
animal models (Kim et al. 2011b; Sohn et al. 2011; Youn et al.
2017). In our study, we firstly assessed the effect of 23-HTA
on brain I/R damage in MCAO/R rat models using different
dosages of 23-HTA. We found that in the I/R rats, the infarct
volume was markedly enhanced, infarct volume was greatly
suppressed, and neurological score and brain water content
were greatly elevated. Treatment of 23-HTA 2 h after occlu-
sion can significantly attenuate these effects caused by I/R. In
comparison with I/R rats and the sham group, it is obvious that
23-HTAs have protective effects over brain I/R damage. Cell
assay showed that 23-HTA at a concentration of 25 μM does
not cause normal human dermal fibroblast cytotoxicity, and
15 μM is the IC50 (Youn et al. 2017). Animal experiments
have shown that 10 mg/kg 23-HTA pretreated significantly
reduced cisplatin-induced nephrotoxicity (Sohn et al. 2011).

Our preliminary experiments show that the protective effect of
23-HTA on brain injury caused by I/R has a dose-dependent
manner, and the highest concentration of 160 mg/kg has the
best effect (Supplemental Figure 1). It indicates that high con-
centrations of 23-HTAmay directly act in brain tissue through
the blood-brain barrier (BBB). However, this setting of the
highest concentration requires further experiments to verify.

During I/R, brain cells produce ROS, and vascular endo-
thelial cells produce excessive amounts of NO (Dubois-Deruy
et al. 2020; Ravingerova et al. 2020). They react with super-
oxide anions to convert them into more active peroxynitrous
anions, which increase oxidative stress injury in I/R neuronal
(Chai et al. 2019). In addition, ROS stimulates the expression
of cytokines and adhesion molecules, mediates inflammation
and immune response, and aggravates brain tissue reperfusion
injury (Crack and Wong 2008). 23-HTA is a hexacyclic
triterpenoid compound extracted. Asiatic acid, another
triterpene compound extracted from Chinese herbal medicine,
pretreatment protected cardiomyocytes from ROS-mediated
autophagy inMIRI (Yi et al. 2020). In our study, we evaluated
the effect of 23-HTA on I/R-caused oxidative stress. We
found that 23-HTA significantly reduced relative hydroperox-
ide and iNOS levels to the I/R group. The Western blotting
results also revealed that the expression levels of Sod1, Sod2,
catalase, and iNOS were greatly increased under the adminis-
tration of 23-HTA, compared with that in the I/R group. To
the best of our knowledge, this study was the first to report that
23-HTA reduced I/R-caused oxidative stress. These results
confirmed our hypothesis. 23-HTA and other monomers ex-
tracted from Rubiaceae, such as jasminoidin, have protective
effects on brain injury after I/R (Li et al. 2016; Li et al. 2018;
Zhang et al. 2019). This anti-oxidation effect is in agreement
with previous studies.

Microvascular dysfunction caused by inflammatory re-
sponse is one of the most important causes of secondary injury
of cerebral I/R (Chen et al. 2009). The inflammatory response
of brain tissue is out of control, which increases the production
of a variety of inflammatorymediators, causing aggravation in

Fig. 4 Effect of 23-HTA on Akt activation. Rats undergo 2 h of ischemia
and 24 h of reperfusion. 23-HTA (20, 40, 80 mg/kg) was given 2 h after
ischemia. aWestern blotting determination of p-Akt and Akt in sham rat
and rat under treatment of vehicle or 23-HTA 24 h after reperfusion. b

Histogram showing the relative amount of p-Akt/Akt. n = 6. Compared
with the sham operation group, ##p < 0.01; compared with the I/R group,
*p < 0.05, **p < 0.01
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Fig. 6 Effect of 23-HTA treatment on I/R-caused inflammation. Rats
undergo 2 h of ischemia and 24 h of reperfusion. 23-HTA (20, 40,
80 mg/kg) was given 2 h after ischemia. a TNF and b IL-1β level in

sham rats and rats under treatment of vehicle or 23-HTA 24 h after
reperfusion. n = 6. Compared with the sham operation group,
##p < 0.01; compared with the I/R group, *p < 0.05, **p < 0.01

Fig. 5 Effect of 23-HTA treatment on I/R-caused oxidative stress. Rats
undergo 2 h of ischemia and 24 h of reperfusion. 23-HTA (20, 40,
80 mg/kg) was given 2 h after ischemia. a Lipid peroxidation by lipid
peroxidation in the infarcted area was detected by lipid hydrogen perox-
ide assay in sham rats and rats under treatment of excipients or 23-HTA

24 h after reperfusion, the level of hydrogen. bWestern blotting analysis
of the expression of Sod 1, Sod 2, and catalase. c Levels of Sod 1, Sod 2,
and catalase normalized to β-actin levels. n = 6. Compared with the sham
operation group, ##p < 0.01; compared with the I/R group, *p < 0.05,
**p < 0.01
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the damage of the I/R zone (Crack and Wong 2008; He et al.
2020). We found that the expression levels of pro-
inflammation cytokines IL-1β and TNF-α were greatly re-
duced by 23-HTA treatment. Consistent with previous stud-
ies, we again established the anti-inflammation effect of 23-
HTA on cerebral I/R damage.

The mechanism of cerebral I/R injury is complex. It mainly
includes events such as ROS, inflammatory response, and cell
apoptosis, forming a complex network that promotes each
other (Patel et al. 2020; Xing et al. 2008). During these pro-
cesses, many toxic factors are released, which triggers the
caspase cascade and eventually leads to apoptosis in brain
cells during reperfusion (Yin et al. 2013). Our results also
revealed that cell apoptosis was elevated greatly in the infarct-
ed part of the I/R rats. However, 23-HTA could help reduce
cell mortality. The expression of Bcl-2 anti-apoptotic protein
was enhanced, and the expressions of Bax pro-apoptotic pro-
tein and caspase-3 were suppressed under the treatment of 23-
HTA. In addition, we also found that 23-HTA induced Akt
activation. Our results further support the protective effect of
23-HTA on cerebral I/R damage through inhibition of cell
apoptosis.

Conclusion

Taken together, our results indicated that 23-HTA has a neu-
roprotective effect due to its anti-apoptotic, antioxidant, and
anti-inflammation effect.
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