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Sterubin, a flavanone is an active chemical compound that possesses neuroprotective activity. The cur-
rent investigation was intended to assess the sterubin effect in scopolamine-activated Alzheimer’s dis-
ease. The rats were induced with scopolamine (1.5 mg/kg) followed by treatment with sterubin
(10 mg/kg) for 14 days. Behavioural analysis was predictable by the Y-maze test and Morris water test.
Biochemical variables like nitric oxide acetylcholinesterase, Choline acetyltransferase, antioxidant mark-
ers like superoxide dismutase, glutathione transferase, malondialdehyde, catalase, and myeloperoxidase
activity, neuroinflammatory markers such as tumor necrosis factor-alpha, nuclear factor kappa B,
interferon-gamma, interleukin (IL-1b), and IL-6 were measured. The result stated that sterubin reversed
the oxidative stress parameters, increased motor performance, and lowered the inflammatory markers in
scopolamine-induced rats. The study demonstrated that sterubin possesses neuroprotective, anti-
inflammatory, and antioxidant properties which can be used as a beneficial medication in AD.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Alzheimer’s disease (AD) is an advanced neurological brain con-
dition that harms cognitive brain functions including coordination,
impression, logistics, and opinion (Raskin et al., 2015, Wang et al.,
2020). About 40 million population are affected by AD globally and
estimated rates will rise to 120 million by 2050 (Brookmeyer et al.,
2007). The underlying pathogenetic features of AD include
fragments of amyloid protein and the intertwining of tau protein
in the neurons and cerebral cortex (Penke et al., 2020). The beta
amyloids prevent synaptic neuronal communication while the
tau proteins intervene in the passage of essential nutrients to the
neurons causing neuronal loss (Huang and Jiang 2009, Ali et al.,
2015). Memory loss is linked with the cholinergic system which
involves dysfunction in the neurons, receptors, and neurotransmit-
ters affecting the hippocampus and forebrain (Drever et al., 2011).
The beta amyloids also increase reactive oxygen species (ROS)
including lipid peroxidation which causes oxidative injury result-
ing in loss of hippocampal tissue plasticity (Walsh and Selkoe
2004, Sharma et al., 2016).

Scopolamine (SCOP), an alkaloid is a widely used animal model
for studying dementia-related disorders. Generally, SCOP antago-
nizes the memory involved in muscarinic acetylcholine receptors
due to its structural resemblance, eventually slowing down cogni-
tive abilities leading to cause AD-like symptoms (Pezze et al.,
2017). Several neurobehavioral findings in rodents were studied
by using SCOP to induce learning and memory deficits
(Klinkenberg and Blokland 2010). SCOP when injected intraperi-
toneally elevated the ROS by altering the antioxidant enzymes,
causing accumulation of amyloid plaques, suppressing the trophic
factors, and increased neuroinflammation resulting in atrophy and
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degeneration of neurons (Bloom, Arce-Varas et al., 2017). SCOP has
a direct effect on brain in acetylcholinesterase (AChE) activity
(Vickers 2017). The current pharmacological therapies include
AchE inhibitors namely donepezil and rivastigmine that focus on
a single factor i.e., reduce the AChE enzyme levels (Schelterns
and Feldman 2003, Ghumatkar et al., 2015). However, AD is a mul-
tifactorial condition involving various factors which should be con-
sidered while selecting a drug. Several plants and their
phytoconstituents are known to be natural antioxidants that work
multi-functionally by reducing oxidative stress, mitochondrial dys-
function thereby improving neuronal functions (Chen and Decker
2013, Samodien et al., 2019).

Sterubin, a flavanone is obtained from Eriodictyon californicum
belongs to Boraginaceae family. Sterubin is an analogue of eriodic-
tyol having an O-methyl group attached to the ring which
increases the penetrability through the tissues (Fischer et al.,
2019). Sterubin, the main active component has been evidenced
to be neuroprotective against toxicities of the brain, mainly in AD
(Fischer et al., 2019). Sterubin is a good candidate for AD when
studied in-vitro and in vivo study in a mouse model of AD
(Hofmann et al., 2020) but pharmacological action on SCOP-
induced AD paradigm has not been studied yet. So, the research
aims to assess the neuroprotective effects by estimating beha-
vioural, and biochemical aspects of sterubin in the SCOP-
activated AD paradigm in Wistar rats.
2. Methodology

2.1. Chemicals

SCOP, biochemical analysis kits for nuclear factor kappa (NF-
ƘB), interleukin (IL-6), IL-1b, interferon-c (IFN-c) and tumor necro-
Fig. 1. Structure of sterubin.

Fig. 2. Experimental protocol. SAC- Sacrifice, AChE- Acetylcholine
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sis factor- a (TNF-a) were procured from Sigma-Aldrich, USA.
Sterubin (Fig. 1) was purchased from SK Lab, Maharashtra, India
(Ref-01–001883; World Chemical Supplier, India). The experiment
was performed using standard reagents and chemicals.

2.2. Animals

Male Wistar rats (200 ± 20 g) were housed in propylene cages.
As standard conditions, the rats were caged on 23�Celsius, with
50–70 % humidity, a 12:12hr light–dark cycle, and free water and
pellets. Following the guidelines of the CPCSEA, the research was
permitted by the official ethical committee for the animal (IAEC/
TRS/PT/021/005).

2.3. Experimental

Total of 24 rats were randomized into four clusters after
acclimatization for a week to laboratory conditions.

Cluster I: Control (saline)
Cluster II: SCOP (1.5 mg/kg)
Cluster III: Received only sterubin (10 mg/kg) perse
Cluster IV: SCOP + sterubin (10 mg/kg)
Cluster I received normal saline and disease cluster II was

intraperitoneally injected daily by SCOP (1.5 mg/kg) was adminis-
tered (Fig. 2). The third cluster rats was administered with sterubin
alone and the last cluster was induced with SCOP and then given
sterubin (10 mg/kg) for 14 days (Bejar et al., 1999, Hoang et al.,
2020).

2.4. Acute toxicological study

Acute toxicity study was performed based on OECD guideline
no. 423. The rats were assessed for signs of toxicity throughout
the next 14 days. Sterubin was given orally in accordance with
the previously published safe dose (Hofmann et al., 2020). Clinical
symptoms like behavioural alterations, changes in the eyes, body
weight, skin and fur were noted (Schlede 2002, Afzal et al., 2022).

2.5. Behavioural functional tests

2.5.1. Y-maze test
The test was assessing latitudinal memory which consists of a

three-armed maze (40 cm H, 4 cm W). The floor and walls facing
each other were made up of polyvinyl plastic. The rats were placed
in one of the arms and their movement was recorded for 8–10
sterase, ChAt- Choline acetyltransferase, SCOP- Scopolamine.
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mins. The alternation into the different arms i.e., the number of
entries was calculated once all forepaws are on the floor. The maze
walls and the floor were cleaned properly after each animal trial.
(Mamiya and Ukai 2001, Souza et al., 2010, Zaki et al., 2014).

%Alternations ¼ Number of Alternations= Total number of arm entries� 2½ �ð Þ
2.5.2. Morris water maze (MWM) test
The experiment was based on assessing remembrance and spa-

tial learning by placing a hidden floor. The objective of the test was
to orient the animal and memorize the position of the platform.
The MWM round tank was divided into four equally spaced quad-
rants. Escape platform for retains 2 cm below any one quadrant for
5 days. During the learning activity, one animal was placed in a
randomly selected position in the tank (four trials per event). Ani-
mals were brought further into the tank to begin the experiment.
The animal found the platform and stepped out, the experiment
ended, and mean escape latency was calculated. A maximum expo-
sure time of 60 s was recorded. After 60 s of pushing, if the animal
failed to reach the platform, another 60 s of escape latency was
observed. After each session, the animal remained on the stand
for 20 s. Each time the test was conducted, the animals were gently
cleaned and placed in cages. The last trial (exploration) was exe-
cuted without placing the platform. The animals which did not find
the platform were guided toward the submerged base. The latency
time is the interval used by each rat to treasure the concealed base
was prominent (Kwon et al., 2010, Jang et al., 2013).

2.6. Antioxidant enzymes

2.6.1. Dissection and homogenization
After behavioural assessments, on the 15th day, animals were

revealed to biochemical analysis and analysis of proinflammatory
markers. The brains of the animals were isolated, cut transversely
into thin sections and centrifuged for 15 mins in phosphate buffer
at 2000–3000 rpm. For enzymatic evaluation the supernatant was
segregated and refrigerated at 4�C in formalin solution.

2.6.2. Acetylcholinesterase (AChE) and Choline acetyltransferase
(ChAT)

Determination of AChE was conducted via using following pro-
cess detailed by Ellman et al (1961). 0.5 ml of supernatant, 0.10 ml
acetylthiocholine iodide, 0.10 ml Ellman’s reagent and 3 ml phos-
phate buffer (0.01 mol/l) were mixed to the reaction tube. Spectro-
metrically the absorbance was determined at 412 nm (Gutierres
et al., 2014). AChE activity was measured in nmol/mg protein
and calculated by the given formula:

R ¼ dOD � volume of assay
E �mg protein

Where, dOD = Change in absorbance, R = rate of enzyme activity,
E = Extinction coefficient i.e., 13600/M/cm.

2.6.3. Superoxide dismutase (SOD) estimation
In order to determine ChAT activity, 5 % tissue homogenates

were prepared in ice-cold 20 mM sodium phosphate buffer (pH
7.3) and kept frozen at �20 �C overnight. They were thawed on
the following day and centrifuged at 12,000 � g for 1 h at 4 �C.
Using the method of Chao and Wolfgram (1972), the supernatant
was tested for ChAT activity (Chao and Wolfgram 1972). Preincu-
bation of the reaction mixtures (0.4 ml) in centrifuge tubes con-
taining 25 mM sodium phosphate buffer (pH 7.2), 0.31 mM
acetyl-CoA, 50 mM choline chloride, and 38 mM neostigmine sul-
fate was conducted for 5 min at 37 �C. In addition to the homoge-
nate, 100 Âll of the reaction mixture were added to the tubes and
3

kept at 37 �C for 20 min. The reaction was stopped by boiling for
2 min, and 1 ml of distilled water was added to the tubes. From
the centrifugation, denatured protein was removed. One milliliter
of supernatant was added to a tube containing 30 ll of 1 mM
4,40-dithiopyridine. After a 15-min incubation, the absorbance
was measured at 324 nm with a spectrophotometer. ChAT activity
was accessed in Units/ gram of tissue protein.

The SOD method was performed according to Kono et.al. The
main concept of this test is based on inhibiting the lessening of
nitroblue tetrazolium chloride (NBT) by superoxide dismutase.
The reaction mixture contains brain homogenate or supernatant
and NBT to which hydroxylamine hydrochloride was added. Spec-
trometrically the mixture was recorded at 560 nm. SOD activity
was accessed in Units/ milligram of tissue protein (Nandi and
Chatterjee 1988, Bihaqi et al., 2011).
2.6.4. Estimation of lipid peroxidation
The mixture contains 0.5 ml homogenate which was incubated

for 10mins. To that, 15 % trichloroacetic acid (TCA), thiobarbituric
acid (TBA) and HCL (5 N) and were mixed and blend was incubated
at 90�C for 20 mins. Tubes were cooled and centrifugated at
2000 rpm for 15 mins. The absorbance was estimated spectropho-
tometrically at 512 nm. The activity was represented as nM/mg tis-
sue of wet tissue (Öztürk-Ürek et al., 2001, Jain et al., 2015,
Bhuvanendran et al., 2018).
2.6.5. Reduced glutathione (GSH) estimation
The reaction mixture consists of 0.5 ml supernatant and 0.25 M

sodium phosphate buffer maintained at 7.4 pH. To this, 0.04 % 5,50-
dithio-bis-[2-nitrobenzioc acid]) (DTNB) solution was added. At
412 nm, spectrophotometric measurements were performed to
determine the absorbance of the blend. It was dignified in nmg
GSH/g tissue (Owens and Belcher 1965, Rajashri et al., 2020,
Ajayi et al., 2021).
2.6.6. Catalase (CAT) estimation
The CAT estimation was defined as the rate of H2O2 decomposi-

tion into water and molecular oxygen. This method includes
10 mM hydrogen peroxide (H2O2) in potassium phosphate buffer
(pH 7), to which supernatant was added. The absorbance was mea-
sured at 240 nm for at least 2 mins. The activity was measured in
units of CAT / wet gm of tissue (Hadwan 2016).
2.6.7. Nitric oxide assessment
The colorimetric analysis procedure given by Green et al (1982)

was performed for the determination of nitric oxide in the brain
tissues. This mixture includes an equal proportion of Griess reagent
(Naphthyl ethylene diamine and sulphanilamide in H3PO4) and
brain homogenate. After incubating for 15 mins, the absorbance
change was recorded spectrophotometrically at 540 nm. The
agglomeration was estimated by calibration curve and measured
by nmol/mg protein (Ishola et al., 2019).
2.6.8. Myeloperoxidase activity (MPO) estimation
The mixture contains cold potassium phosphate buffer

(50 mM), 0.5 % hexadecyl trimethyl ammonium bromide (HETAB)
and l0 mM Ethylenediaminetetraacetic acid (EDTA). The mixture
was subjugated to cycles of icing and defrosting, sonicated for 15
sec. The mixture was centrifugated at 20000 � g for 20mins. The
activity was estimated at 460 nm spectrophotometrically. The
MPO activity was presented by U/mg tissue (Aykac et al., 2019,
San Tang 2019).
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2.7. Neuroinflammatory parameters

Quantifications of cytokines namely as nuclear factor-jB (NF-
ƙB), tumor necrosis factor-alpha (TNF-a), interleukin-1b (IL-1b),
IL-6, and IFN-cwere assessed by commercial immunoassay (ELISA)
kits by following the manufacturer’s procedure. Monoclonal anti-
bodies were pre-coated onto the wells of the microtiter plates.
Table 1
Behavioral observations after treatment with an oral dose of sterubin in acute oral
toxicity study.

Observations Acute toxicity

Skin and Fur Normal
Eyes Normal
Respiration Normal
Somatomotor activity Normal
Tremors Not seen
Convulsions Not seen
Salivation Not seen
Diarrhea Not seen
Lethargy Not seen
Sleep Normal
Coma Not seen
Mortality Not seen

Fig. 3. Effect of sterubin on behavioural activity by using Y-maze test and Morris w
Spontaneous alterations, D. Total arm entries, All values are presented as mean ± SEM. Co
by Tukey’s post hoc test and Morris water test done using two-way ANOVA followed by B
Significant as correlated to control group (P < 0.001).
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Samples were added to microtiter wells, washed, antibody was
added and incubated. The absorbance was estimated and reported
as pg/mg of protein.

2.8. Statistical investigation

One-way analysis of variance (ANOVA) followed by Tukey’s post
hoc test used for biochemical variables, except for the Morris water
test by two-way ANOVA followed by the Bonferroni’s post hoc test.
Data presented as mean ± SEM using GraphPad Prism software ver-
sion 8.0. P < 0.05 was considered as the significance of the data.

3. Results

3.1. Acute toxicity

No mortality or other abnormalities were seen during acute
toxicity period. On the basis of acute toxicity study, we conducted
the experiment with 10 mg/kg of sterubin (Table 1).

3.2. Behavioural parameters

3.2.1. Morris water test
During training days, a sharp decline in escape latency was

noticed in all the clusters. SCOP-treated cluster took a longer
ater maze (MWM) test. A. Escape latency, B. Time spent in target quadrant C. %
rrelation among the groups Y-maze test was done using one- way ANOVA followed
onferroni’s post hoc test. P value < 0.05, 0.001 were expressed as *, *** respectively #



I. Kazmi, F.A. Al-Abbasi, M. Afzal et al. Saudi Journal of Biological Sciences 30 (2023) 103560
(p < 0.001) emission expectancy period from the 2-day as associ-
ated to controls. From day 2, sterubin-treated cluster lowered the
duration of emission expectancy in contrast with SCOP-induced
cluster (Fig. 3A). Two-way ANOVA showed that SCOP-treated rats
Fig. 4. Effect of sterubin on A. AChE and B. ChAT activity, All values are presented as mea
way ANOVA. P value < 0.05, 0.01 was expressed as *, ** respectively, # Significant as co

Fig. 5. Effect of sterubin on antioxidant enzyme activities. A. GSH, B. MDA, C. Catalase, D.
was done using Tukey’s post hoc test by one- way ANOVA. P value < 0.05, 0.001 were ex

5

less time was spent in the target quadrant in comparison to the
control rats and sterubin enhanced time to spent in the target
quadrant in comparison to SCOP-treated rats (P < 0.05) (Fig. 3B).
No significant changes in the sterubin per se group.
n ± SEM. Correlation among the groups was done using Tukey’s post hoc test by one-
rrelated to control group (P < 0.001).

SOD, E. MPO, All values are presented as mean ± SEM. Correlation among the groups
pressed as *, ** respectively, # Significant as correlated to control group (P < 0.001).
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3.2.2. Y-maze test
Y-maze experiment was executed to monitor the associative

learning function in SCOP rats. The SCOP cluster showed a signifi-
cant decrease (P < 0.001) in % spontaneous alteration and total
entries as correlated to the control group. In the sterubin + SCOP
cluster showed a substantial rise (P < 0.05) in the percentage of
spontaneous alteration and total arm entries when associated to
the SCOP-induced group (Fig. 3 C-D). No significant changes in
the sterubin alone group.
3.3. Biochemical estimation

3.3.1. AChE and ChAT
The diseased cluster showed a noticeable hike (P < 0.001) in the

AChE level correlated with the control. SCOP + sterubin showed a
marked decline (P < 0.01) correspondingly in AChE level as collated
with the disease control cluster indicating a reduction in acetyl-
choline (Fig. 4A). No significant changes were observed in the
sterubin alone group.

ChAT level was reduced (P < 0.001) in SCOP- treated animals
when correlated with the normal control groups. While
SCOP + sterubin was significantly elevated (P < 0.01) the ChAT level
in comparison with the SCOP cluster (Fig. 4B). No significant
changes in the sterubin alone group.
3.4. Antioxidant parameters

The level of MDA and MPO in the SCOP cluster significantly ele-
vates (P < 0.001) once correlated with normal control cluster.
SCOP + sterubin (P < 0.05; P < 0.01) markedly lessened the lipid
peroxidation (MDA) and MPO level as correlated to the SCOP
group. A significant reduction (P < 0.001) in GSH, SOD, and CAT
were experiential in the SCOP cluster when compared with the
Fig. 6. Effect of sterubin on nitric oxide level. All values are presented as mean ± SEM. Cor
P value < 0.05 were expressed as * # Significant as correlated to control group (P < 0.00
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control cluster. SCOP + sterubin were significantly increased
(P < 0.05) in the GSH, SOD, and CAT as compared to the SCOP-
treated group (Fig. 5A-E). No significant changes in the sterubin
per se group.

3.5. Nitrite assay

The SCOP cluster displayed a marked increase in the nitrite level
as compared to the controls. While SCOP + sterubin restored
(p < 0.05) nitric oxide level as correlated to the SCOP treated cluster
(Fig. 6). No significant changes in the sterubin per se group.

3.6. Neuroinflammatory markers

The proportion of neuroinflammatory markers (TNF-a, IFN-c,
NF-ƙB, IL-6, IL-1b) in the SCOP cluster elevated (P < 0.001) signifi-
cantly as collated to the controls. While SCOP + sterubin exhibited
a noticeable decrease in the IL-6 (P < 0.05), IL-1b (P < 0.01), TNF-a
(P < 0.05), IFN-c (P < 0.01), and NF-ƙB (P < 0.05) when correlated to
the SCOP treated group (Fig. 7 A-E). Sterubin 10 mg/kg alone group
shows no significant changes.
4. Discussion

AD inflicts neurobehavioral dysfunction causing damage to the
brain neurons. Though its pathology is unclear, AD is known to be
related to risk factors including oxidative stress, neuroinflamma-
tion, and damage to the cholinergic neurons (Canter et al., 2016).
The current treatment primarily focuses on improving cholinergic
neurons or impeding NMDA receptors and refinement of symp-
toms (Verma and Singh 2020). SCOP-activated rats resulted in spa-
tial memory impairments, cholinergic dysfunction, and oxidative
damage which are the major reasons of AD. In this study, we
relation among the groups was done using Tukey’s post hoc test by one- way ANOVA.
1).



Fig. 7. Effect of sterubin on neuroinflammatory cytokine levels. A. IL-1b, B. IL-6, C. IFN-c, D. NF-ƘB, E. TNF-a, All values are presented as mean ± SEM. Correlation among the
groups was done using Tukey’s post hoc test by one- way ANOVA., P value < 0.05, 0.01 were expressed as *, ** respectively # Significant as correlated to control group
(P < 0.001).
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assessed the behavioural, biochemical, and neuroinflammatory
alterations caused by SCOP and favourable effects of sterubin.

In the present investigation, sterubin was carried out to evalu-
ate the toxicity study in animals. We found that sterubin was safe
and no mortality or clinical signs of toxicity were observed in rats
(Hofmann et al., 2020).

We assessed the behavioural performance by performing motor
functional tests. The deprivation of cholinergic neurons leads to
memory and functional deficiency. The Y-maze activity was mea-
sured by monitoring the entry of rats in the arms and working
memory (Mamiya and Ukai 2001). Through the outcomes, a notice-
able decrease in impulsive variation activity was recognized in the
SCOP-induced cluster compare to the controls which presented
behavioural toxicity, the same as earlier reported (Foyet et al.,
2015, Imam et al., 2016, Ionita et al., 2018). In the Y-maze behav-
ioral task, the SCOP-treated groups showed the lowest levels of
locomotion in terms of the percentage of spontaneous alternations
and total arm entries when compared to the control group. When
treated with sterubin (cluster IV), the percentage spontaneous
alterations were increased remarkably by enhancing the cognitive
functions. The reminiscence functions can also be evaluated by
performing the Morris water maze test. The study data indicated
that the SCOP-induced cluster delayed the time to latency,
decreased the crossing time on the platform, and lessened the time
taken by rats in each quadrant which was in line with the previous
studies (Goverdhan et al., 2012, Saba et al., 2017, Lee et al., 2018).
The rats orient in the same direction interpret that rats have mem-
orized the path to the platform. The results showed that SCOP
caused cognitive decline while sterubin reversed SCOP-induced
7

motor deficits by increasing the total arms entries in the Morris
water test, thereby enhancing learning ability. However, sterubin
decline the time to find the hidden platform significantly and also,
improved the time spent in the target quadrant in SCOP-treated
rats.

AChE enzyme halts the effect of acetylcholine on the synapse,
which inhibits cholinergic transmission (Giacobini 2004). Acetyl-
choline is transported in large amounts throughout the brain
which is crucial for the efficient functioning of the nervous system.
SCOP was found to increase the AChE and decrease the ChAT level
which will affect the Ach levels as earlier reported (Sharma et al.,
2010, Goverdhan et al., 2012, Sun et al., 2019). These results
showed a marked decline in AChE and ChAT activity when treated
by sterubin, thereby regulating the cholinergic system.

The brain consumes the highest amount of oxygen which is a
cause of oxidative damage resulting in increased lipid peroxidation
and decline in other antioxidant markers. The increased lipid per-
oxidation generates metabolites such as MDA which initiates
oxidative damage by targeting the cell membrane permeability.
Like previous studies, SCOP induces oxidative stress in rats by
altering the antioxidant defense system (Hritcu et al., 2015,
Mostafa et al., 2021). Our study results indicate that treatment
with sterubin significantly restored the antioxidant level in
SCOP-induced oxidative injury by lowering the tissue peroxidation
and nitric oxide levels along with the rise in SOD, GSH, and CAT
activities.

Neuronal damage is caused due to dysfunction of inflammatory
cytokines, preceding the advancement of AD. Excessive cytokine
release is linked to the activation of microglial cells aggravating
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symptoms of AD (Alam et al., 2016). In accordance with previous
reports, SCOP administration in rats significantly elevated the neu-
roinflammatory markers leading to neuronal injury (El-Marasy
et al., 2012, Steinfeld et al., 2015, Abdel-Latif et al., 2019). In the
present study, sterubin displayed a noticeable decline in cerebral
inflammatory markers in SCOP-induced rats. The results shown
that sterubin regulating the behavioural parameters, suppressing
neuroinflammatory pathway, as well as neuroinflammatory mark-
ers and improving cholinergic function in the brain. Study limita-
tions include the short duration and the use of a small number of
animals.

5. Conclusion

The results conclude that sterubin might be an effective treat-
ment option for Alzheimer’s disease. Sterubin improved beha-
viuoral activity, altered oxidative stress, lowered down
neuroinflammatory markers in SCOP-induced rats. The study was
limited to low dose range groups of sterubin. Further studies will
be required to determine the mechanism of action of sterubin
using immunohistochemistry and molecular mechanism.
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