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Review of drugs for Alzheimer's disease

. . . %k . o
Xiaoting Sun', Lan Jin>*, Peixue Llngl’3

! Institute of Biochemical and Biotechnological Drugs, School of Pharmaceutical Science, Shandong University, Ji'nan,

Shandong, China,

* National Glycoengineering Research Center, Shandong University, Ji’nan, Shandong, China;
* Institute of Biopharmaceuticals of Shandong Province, Ji’'nan, Shandong, China.

ABSTRACT: Alzheimer's disease (AD) is the most
common form of dementia in the elderly. The number
of people affected by AD is rapidly increasing. AD
is characterized by cerebral atrophy, cerebral senile
plaques, intraneuronal neurofibrillary tangles, and
neuronal cell loss. Medical treatment of AD has a
long history and differing results. We will review the
effectiveness and limitations of the drugs used to treat
AD.

Keywords: Alzheimer's disease, treatment, drugs

1. Introduction

Many age-related neurodegenerative diseases such as
Alzheimer's disease (AD), amyotrophic lateral sclerosis
(ALS), and Parkinson's discase represent a huge
challenge for patients and caregivers (/). Of these, AD
is the most common form of dementia in the elderly (2).
AD is a progressive disorder (3) that affects 2% of the
population in industrialized countries. More than 10%
of the population over the age of 65 and 50% of the
population over the age of 85 are suffering from AD (4).
As the population ages, this number will double every
twenty years, likely increasing to more than 80 million
cases by the year 2040 (5).

AD is characterized by a series of neuropathologic
changes, including cerebral atrophy, cerebral senile
plaques containing extracellular deposits of f-amyloid
peptide (AP), intraneuronal neurofibrillary tangles
(NFTs) containing hyperphosphorylated tau protein, and
neuronal cell loss (6,7). These result in patients suffering
from memory loss, confusion, impaired judgment,
disorientation, and trouble expressing themselves. The
symptoms worsen over time and the disease is fatal.

*Address correspondence to:

Dr. Lan Jin, National Glycoengineering Research
Center, Shandong University, No 44, West Wenhua
Road, Ji'nan 250012, Shandong, China.

E-mail: lanjin@sdu.edu.cn

It disrupts the normal lives of patients and poses a
substantial economic burden to family and society (8).
Therefore, AD has garnered increasing attention in terms
of its diagnosis, pathological mechanism, and therapeutic
agents. The current article reviews the pathological
mechanism of AD and drugs used to treat AD and it
discusses the effectiveness and limitations of these drugs.

2. The neuropathology of Alzheimer's disease

The neuropathology of AD is very complex and has
yet to be completely understood. There are several
hypotheses that try to explain the pathological
mechanism of the disease.

2.1. Cholinergic dysfunction of the central nervous system

Early studies showing loss of cholinergic activity
in central nervous system (CNS) as AD progresses
have been corroborated by numerous studies thus
far. The brains of AD patients have very low levels
of acetylcholine (ACh) (9). According to some
pathophysiology research, the loss of cholinergic
neurons usually occurs in brain areas associated with
memory and learning, such as the hippocampus,
nucleus basalis of Meynert, and cortex. A reduction
in cholinergic activity is thus thought to be associated
with cognitive deficits (/0). This reduced activity
affects synaptic transmission and initiates inflammatory
processes. Some reactive oxygen species will be
produced, resulting in cell death. Furthermore, Ap can
inhibit cholinergic neurons from absorbing choline and
halt the action of cholinergic acetyltransferase (chAT),
which inhibit the generation of ACh (/7). However,
whether the decrease in ACh is the cause of AD needs
to be studied further.

2.2. The amyloid cascade hypothesis
2.2.1. Amyloid precursor protein (APP) processing

In humans, APP gene is located on chromosome 21.
It has 3 major forms: APP695, APP751, and APP770.

www.ddtjournal.com
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The APP protein consists of 695-770 amino acids. It
is a transmembrane glycoprotein that exists widely in
human histiocytosis. It is widely expressed in the brain
and functions as a membrane receptor (/2). It undergoes
cleavage by three types of enzymes: a-secretase,
B-secretase, and y-secretase (Figure 1). The sequential
cleavage of APP by a-secretase and y-secretase
produces two soluble peptides, referred to as P3 and
sAPPa. The sequential cleavage of APP by [-secretase
and y-secretase generates SAPPP and insoluble AB,
respectively. Under normal conditions, APP is cleaved
via the first pathway. In contrast to AP, sAPPa has an
important role in maintaining the activity of neurons. It
can protect neurons against excitotoxicity and regulate
neural stem cell proliferation (73).

2.2.2. The structure of A}

AP is an approximately 40-residue-long peptide. Its
molecular weight is ~4,000. There are two main forms
of AP, AB,, and AB,,. AP, is more hydrophobic and
more prone to aggregate and is considered to be the most
neurotoxic form. The forms differ in their terminal carbon
structures (Figure 2). AB,, is the major component of

I -+
ﬁ y-secretase
——Y
ﬁ B-secretase
@ a-secretase

5 y-secretase
[

Figure 1. Diagram of APP processing.

senile plaques (SP) (/4). In a normal brain, the majority of
AP produced is AB,,, while patients with AD have a high
ratio of AB,/AB,. In the brain, AP exists in soluble and
fibril forms. Formation of AP fibrils is a multi-step process
that requires a conformational change from an a-helical
to B-pleated sheet structure. Many studies have confirmed
that the neurotoxicity of A is largely dependent on its
ability to form B-sheet structures (/5).

2.2.3. AP function

Many studies have found that overproduction of
AP results in a neurotoxic effect on neurons. It
leads to synaptic dysfunction (/6) and formation of
intraneuronal fibrillary tangles (/7) and eventually
to neuron loss. Soluble AP can stimulate neurite
growth in a short amount of time, which can increase
neurons' survival rate. However, deposited AP has
the opposite effect on neurons. It can cause the
shrinkage of neurites and denaturing of neurons (/§).
Although the overproduction of AP has a negative
effect on nerve cells, low levels of AP can increase
hippocampal long-term potentiation and enhance
memory.

2.2.4. The mechanism of AP neurotoxicity

Ca” is a second messenger in organisms. The
extracellular concentration of Ca™" is higher than that of
intracellular Ca®. AP can disrupt the calcium channels
in the cell membrane, enhancing Ca’’ influx and leading
to the disequilibrium of calcium. An intracellular
Ca”™ overload will impair the ability of mitochondria
to buffer or cycle Ca’’, resulting in cell toxicity
and eventual cell death. The disruption in calcium
homeostasis may in turn cause a variety of secondary
effects such as lipid peroxidation and generation of free
radicals. Over time, these related actions of AP will
reduce synaptic integrity (19,20).

:\ﬁﬂ .

Val-Val-Ile-Ala

:\[?Mo .

Val-Val

Asp-Ala-Glu-Phe- Arg-His- Asp-Ser-Gly-Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-Phe-

Phe-Ala-Glu- Asp-Val-Gly-Ser-Asn-Lys-Gly-Ala-Ile-Ile-Gly-Leu-Met-Val-Gly-Gly-

Asp-Ala-Glu-Phe- Arg-His- Asp-Ser-Gly-Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-Phe-

Phe-Ala-Glu- Asp-Val-Gly-Ser- Asn-Lys-Gly-Ala-Ile-Ile-Gly-Leu-Met-Val-Gly-Gly-

Figure 2. The structures of AB,, and AB,,. AB,, has two fewer amino acids than Af,, at the C-terminal end.
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2.3. Neuroinflammation in AD

Inflammation is one of the secondary effects of AP
deposition. In the brain, it is characterized by activation of
glial cells and expression of key inflammatory mediators.
This inflammation is chronic. The cells participating in
the action are mainly microglia and astrocytes. They
participate in initiation and progression of neurological
disorders by releasing cytotoxic molecules such as
proinflammatory cytokines, reactive oxygen intermediates,
proteinases, and complement proteins. In one form
of attack, the activated glial cells kill neurons nearby
by releasing reactive oxygen species (ROS), NO, and
proteinase that cause neurotoxicity (2/). In a second form
of attack, an inflammatory reaction can stimulate the
regeneration of AP, aggravating the inflammation and
forming a vicious cycle (22).

2.4. Other pathogeneses

An increasing risk factor for AD is ApoE, which is a 34
kDa glycoprotein. It facilitates neuronal repair, it has anti-
inflammatory properties, and it facilitates dendritic growth.
In humans, there are three major forms of ApoE: ApoE2,
ApoE3, and ApoE4. ApoE4 is reported to be associated
with AD (23). It can promote amyloid deposition,
neurotoxicity, oxidative stress, neurofibrillary tangle
formation, and increasing brain inflammation. Previous
studies have shown that ApoE4 causes mitochondrial
damage, microvascular generation, and neural injury (24).

In addition, hypercholesterolemia is considered to
be a risk factor for AD (25). People with a rare mutation

in the APP, presenilin-1 (PSENI), and presenilin-2
(PSEN2) genes are usually at greater risk for developing
hypercholesterolemia (26). Additionally, several
environmental agents, including metals (AI’* (27), Hg™"
(28)), pesticides, dietary factors, and brain injuries, have
been suggested as possible risk factors for AD.

3. Drugs used to improve cholinergic function

Many drugs have been approved for AD treatment in
different stages of the disease, although they all have
limited efficacy. The AD process has an apparent linear
relationship to the pathological changes in the human
brain, indicating that the disease can be halted by
medication that interferes with the different stages. Many
drugs have been used to improve cholinergic function in
patients.

3.1. Acetylcholinesterase inhibitors

Acetylcholinesterase inhibitors were the first drugs
approved by the FDA to treat AD, representing obvious
progress in treatment of the disease. Tacrine, approved by
the FDA in 1993, is the first drug used in AD treatment
as an acetylcholinesterase inhibitor. The mechanism by
which tacrine causes damage is not completely understood
and it consistently causes a number of adverse reactions.
Tacrine is now rarely used in AD treatment (29) due to its
hepatotoxicity.

Donepezil is another acetylcholinesterase inhibitor. It
is readily absorbed after oral administration. Compared to
tacrine, its effects last longer (Table 1). It is better tolerated

Table 1. Comparison of pharmacological characteristics of 5 acetylcholinesterase inhibitors

Tacrine Donepezil Rivastigmine Galantamine Huperzine A
NH, % JCJ)\ o/
Structure X o J SN0
» & A
N
‘ N
) LN HO ~
Target enzymes AChE and BuChE AChE AChE and BuChE AChE AChE
Recommended dosage 160 mg/day 10 mg/day 9.5 mg/24 h patch 24 mg/day (twice 0.4 mg/day (twice
(four times daily) (once daily) (once daily) daily) daily)
12 mg/day (twice
daily)
Plasma half-life 2-4h About 70 h About 3 h (patch) About 7 h About 60 h
About 1 h (capsule)
Period of disease o All stages of Mild to moderate Mild to moderate Mild to moderate
treatment Alzheimer's disease Alzheimer's disease Alzheimer's disease Alzheimer's disease
ACHE IC,, (nM) 190 22 48,000 800 47
BuChE IC;, (nM) 47 4.1 54,000 73,000 30
Adverse reactions Hepatotoxicity Diarrhea, nausea Diarrhea, nausea Nausea, weight loss Nausea
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by patients and causes fewer adverse reactions. Adverse
reactions to the drug are primarily nausea, dizziness,
diarrhea, and anorexia. All of these are dose-dependent
(30). A number of clinical trials suggest that it can
effectively improve cognitive performance and stabilize
the functional ability of patients. It is used to treat mild to
moderate AD (31).

Rivastigmine is a carbamate derivative. It can
reversibly inhibit both acetyl- and butyryl-cholinesterase
(AChE and BuChE, respectively). After oral
administration, it reaches its peak plasmatic concentration
in one hour (32). It is the only drug in which cytochrome
P450 isoenzymes are not involved in its metabolism, so
it can minimize drug-drug interactions. Many clinical
trials suggest that rivastigmine has a significant effect
on memory and the praxis domains of cognition. Unlike
rivastigmine capsules, rivastigmine patches have a
significant effect on the language domain. These patches
can be used to treat patients with mild to moderate AD (33).

Galantamine is an extract of the flowers and bulbs
of lilies, daffodils, and related plants. It is a selective
acetylcholinesterase inhibitor. It improves cognitive
dysfunction and affords neuronal protection, preventing
the cytotoxicity caused by aggregation of Ap (34). It is
also believed to enhance central neurotransmission. The
clinical efficacy of galantamine is almost equivalent to
that of donepezil (35).

Huperzine A is a plant-based alkaloid from a plant
named Huperzia serrata. It is an effective AChE
inhibitor that can cross the blood-brain barrier (BBB).
Huperzine A provides neuroprotection against neuronal
damage. It has stronger inhibition and better selectivity
than tacrine and galantamine (36).

In addition to the aforementioned drugs, many
acetylcholinesterase inhibitors are used to treat AD, such
as metrifonate and physostigmine and its derivatives.
These drugs may provide protection against oxidative
stress and AP toxicity. Although they increase synaptic
transmission, acetylcholinesterase inhibitors also have
several limitations. They are expensive and usually
provide limited benefits. They may damage the neuronal
membrane and more guidance is needed regarding their
clinical use.

3.2. M, receptor agonists

M, muscarinic receptors remain mostly intact in the
brains of AD patients. Therefore, M, receptors are
considered to be an attractive therapeutic target for AD
treatment. M, receptor agonists ameliorate the symptoms
of AD and also delay the disease's progression. Several
such drugs are used to treat AD, such as xanomeline (37)
and milameline.

Xanomeline is a function selective muscarinic
M,/M,-preferring receptor agonist. It can cross the
BBB. Many clinical studies have noted significant
improvement in the cognitive function of patients

with AD. The drug's most common adverse effects are
gastrointestinal response and cardiovascular adverse
reactions.

4. Anti-Ap drugs

B-Amyloid peptides are the main contributors to
the pathology of AD. Many studies have found that
overproduction of AP results in a neurotoxic effect on
neurons. It leads to synaptic dysfunction, formation
of intraneuronal fibrillary tangles (/7), and eventually
neuron loss. The deposited AP can cause the shrinkage
of neurites and denaturing of neurons. Af can disrupt
the calcium channels in the cell membrane, enhancing
Ca’" influx and leading to the disequilibrium of calcium.
Therefore, anti-Ap drugs may be the most effective drugs
for AD treatment.

4.1. Calcium antagonists

An overload or insufficiency of calcium in nerve cells
affects the production, transmission, and release of
neurotransmitters. Drugs widely used in AD treatment
as calcium antagonists are nimodipine, flunarizine,
verapamil, and tetrandrine.

Nimodipine (38) is an L-type calcium channel
antagonist. It is highly lipophilic and it can readily cross
the BBB and effectively inhibit calcium influx, enhancing
blood flow in the brain. It appears to be tolerated well by
patients with fewer adverse reactions (39).

4.2. Antioxidants

Antioxidants can prevent the degeneration of nerve
cells by eliminating active oxygen or preventing its
generation. Vitamin E is the most commonly used
antioxidant. It is a lipophilic vitamin. Many clinical
trials have suggested that it can prevent oxidative
action. It can decrease cellular death induced by Ap and
attenuate toxicity in neuroblastoma cells (40).

There are other common clinical antioxidant
drugs, such as selegiline and melatonin. Selegiline
is a selective monoamine antioxidant. It does help
somewhat to improve the cognition, behavior, and
mood of patients. However it does not globally benefit
cognition, functional ability, and behavior (47).
Melatonin functions by regulating circadian rhythms,
clearing free radicals (42), improving immunity (43),
and generally inhibiting the oxidation of biomolecules.
It also has significant anti-amyloidogenic action.
It prevents AP fibrillogenesis and aggregation by
disrupting the imidazole-carboxylate salt bridge (44).

4.3. Nonsteroidal anti-inflammatory drugs

Many clinical studies have suggested that nonsteroidal
anti-inflammatory drugs (NSAIDs) could be used
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to prevent rather than treat AD. The mechanism
of NSAIDs might be by inhibiting inflammation
associated with the generation of SP (45). NSAIDs
include indomethacin, tenidap, aspirin, ibuprofen, and
naproxen (46). However, NSAIDs are known for their
liver and kidney toxicity.

4.4. Hypolipidemic drugs

The expression of ApoE can lead to Ap deposition and
the formation of amyloid plaques. Nowadays, the use of
ApoE isomers can effectively reduce the formation of
amyloid plaques.

4.5. Iron chelators

High levels of iron have been found in both SP and
NTFs in the brain. Ions may be involved in free radical
formation and neuron degeneration. They may bind
tightly to AP, possibly causing damage to neurons.
Treatment with iron chelators aims to remove excess
iron that causes neurotoxicity in brain tissue. Iron
chelators have a high affinity for iron. As an example,
desferrioxamine, a natural iron scavenger, is a specific
chelator with a high affinity for aluminum, copper, and
zinc. Desferrioxamine is widely used in the treatment
of AD (47). However, it requires continuous dosing due
to its short circulating half-life. A drawback, however,
is that it can cause serious adverse reactions such as
injection site reactions and retinal toxicity (45).

5. Vaccines

Immunotherapy may be one of the most promising
approaches to preventing the aggregation of A
(49). Many clinical trials have shown that anti-
Ap antibodies are effective in clearing AP deposits.
Vaccination therapy for AD was invented by Dale
Schenk and his colleagues in 1999 (50). They found
that amyloid deposits were significantly reduced when
they immunized young APP transgenic mice with
AP and an adjuvant. The first clinical trial vaccine
was AN-1792, which consisted of synthetic A and
adjuvant QS21. Patients who were suffering mild-to-
moderate AD were treated with this vaccine. The trial
was halted because 6% of patients developed subacute
meningoencephalitis after one to three intramuscular
injections of the vaccine. The meningoencephalitis was
believed to be caused by a T cell-mediated autoimmune
response. Many passive immunization clinical trials
using anti-Ap antibodies are now underway. There are
many challenges to developing future AP vaccines. For
example, a vaccine should help to prevent the disease
in the early stages and it should be inexpensive; antigen
targets should also be appropriately selected. Moreover,
it should be efficacious in patients regardless of their
immune status and it should facilitate compliance.

6. Conclusion and perspectives for the future

AD is a nervous system disease that exists in patients
for many years. Many efforts are currently underway to
explore the pathology of AD and develop appropriate
treatments. These strategies focus on slowing disease
progression and maintaining patients' quality of life.
Nonetheless, there is no treatment that effectively stops
the disease's progression. Accurate diagnosis of AD is
problematic. Therefore, researchers need to recognize early
signs of AD and explore new therapies to combat AD.
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ABSTRACT: Draper, a receptor responsible for
the phagocytosis of apoptotic cells in Drosophila,
possesses atypical epidermal growth factor (EGF)-
like sequences in the extracellular region and the
two phosphorylatable motifs NPxY and YxxL in
the intracellular portion. We previously suggested
that Pretaporter, a ligand for Draper, binds to
the EGF-like repeat and augments the tyrosine
phosphorylation of Draper. In this study, we first
tested the binding of Pretaporter to various parts
of the extracellular region of Draper and found
that a single EGF-like sequence is sufficient for
the binding. We next determined roles of the two
intracellular motifs by forcedly expressing Draper
proteins, in which tyrosine residues within the
motifs had been substituted with phenylalanine, in
hemocytes of Draper-lacking flies. We found that
Draper proteins with Y-to-F substitution in either
motif still underwent tyrosine phosphorylation,
suggesting the occurrence of phosphorylation at
both motifs. The Draper protein with substitution
in the YxxL motif rescued a defect of phagocytosis,
as did intact Draper, but the Draper protein
with substitution in the NPxY motif did not,
indicating a role of the motif NPxY, but not YxxL,
in Draper-mediated phagocytosis. This coincides
with our previous finding that Ced-6, an NPxY-
binding signaling adaptor, is required for Draper's
actions in apoptotic cell clearance. In summary,
we demonstrated that Draper binds to its ligand
Pretaporter using EGF-like sequences, and that the
NPxY motif in the intracellular region of Draper
plays an essential role in its actions as an engulfment
receptor.
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1. Introduction

The cells that constitute our body often become effete or
harmful. Such altered own cells are induced to undergo
apoptosis and become susceptible to phagocytosis (/-4).
Most apoptotic cells expose substances that serve as
ligands for receptors of phagocytes leading to engulfment
(1-4). Genetic studies with Caenorhabditis elegans have
shown the existence of two signaling pathways for the
induction of phagocytosis (5-8). These pathways, namely,
CED-6/CED-7/CED-10 and CED-2/CED-5/CED-12/
CED-10, are most likely governed by the engulfment
receptors CED-1 (9) and INA-1 (/0), respectively.
CED-1 is a single-path membrane protein containing
atypical epidermal growth factor (EGF)-like sequences
(9), and INA-1 is a a-subunit of C. elegans integrins (10).
CED-1 (11), integrins (/2), and the intracellular signaling
molecules in the above two pathways (8,/3) seem to
be evolutionally conserved among species including
humans. This suggests the phylogenetic conservation of
the mode of apoptotic cell clearance.

We (14) and other investigators (/5) have reported
the participation of the CED-1 orthologue Draper in the
phagocytic elimination of apoptotic cells by hemocytes
and glia of Drosophila melanogaster. Draper is also
responsible for the remodeling of neural circuits: removal
of axons (/6,17) and dendrites (/8) of larval neurons
during metamorphosis, axons in injury-induced Wallerian
degeneration (/7,19), and presynaptic membranes at
neuromuscular junctions (20). The extracellular portion
of Draper contains three cysteine-rich sequences that are
shared with many other proteins, namely, the EMI, NIM,
and EGF-like domains (/1,21). We previously reported
that a recombinant Draper protein corresponding to the
entire EGF-like repeat binds Pretaporter, an endoplasmic
reticulum protein that serves as a ligand for Draper,
and that the binding of Pretaporter augments the
tyrosine phosphorylation of Draper (22). There are two
phosphorylatable tyrosine residues, which are contained
in the motifs NPxY and YxxL, within the intracellular
region of Draper. The NPxY motif serves as a binding
site for proteins that possess the phosphotyrosine-
binding (PTB) domain. In fact, the human orthologue
of CED-6, which contains the PTB domain, interacts
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with CED-1 through binding to the NPxY motif (23).
In addition, we previously showed that Draper requires
Ced-6 to induce the phagocytosis of apoptotic cells in
embryos (22). The other motif YxxL is a part of the
immunoreceptor tyrosine-based activation motif and
serves as a site for binding of proteins containing the Src
homology 2 domain (24). The importance of YxxL in
Draper has been reported for the phagocytic elimination
of injured axons by glia (25). It is thus likely that both
motifs play roles in Draper-mediated phagocytosis. The
present study was carried out to determine which region
of the extracellular portion of Draper is responsible for
the binding to Pretaporter as well as which of the two
intracellular motifs is phosphorylated and required for
Draper's actions.

2. Materials and Methods

2.1. Fly stocks and cell culture

The following lines of Drosophila were used: w''"’,
drpr™ (15,26), srpHemoGAL4 UAS-srcEGFP (29), w;
+; Dr/TM6B Dfd-GMR-nvYFP (Bloomington Drosophila
Stock Center, Indiana University, Bloomington, IN,
USA), and C(1)DX/FM7; +; Sb/TM3 (a gift from T.
Awasaki). To establish fly lines expressing Draper
proteins with amino acid alterations, the Drosophila
EST clone GH03529 (Berkeley Drosophila Genome
Project and National Institute of Genetics), in which
nucleotide sequences had been modified so that
tyrosine residues in the NPxY and YxxL motifs were
changed to phenylalanine, was placed downstream of
the UAS sequence and used to generate transgenic flies.
The resulting flies together with one possessing intact
draper were intercrossed with the draper null mutant
drpr™ and used for mating with srpHemoGAL4 UAS-
srcEGFP, a GAL4 driver for the hemocyte-specific
expression of UAS-transgenes. Other flies used in this
study were generated through the mating of existing
flies. Genotypes of the fly lines analyzed are shown
in the corresponding figure captions. The hemocyte-
derived cell line 1(2)mbn was maintained at 25°C with
Schneider's Drosophila medium (Life Technologies
Japan, Tokyo, Japan), as described previously (/4). Sf9
insect cells were maintained at 29°C with Grace's Insect
medium (Life Technologies Japan) supplemented with
10% (v/v) heat-inactivated fetal bovine serum.

2.2. Assay for protein-protein interaction

Various regions within the extracellular portion of Draper
fused to glutathione S-transferase (GST) at the N-terminus
were prepared using the baculovirus-based vector system
(Life Technologies Japan) and Sf9 cells, and affinity-
purified by glutathione-Sepharose chromatography (GE
Healthcare Japan, Tokyo, Japan), essentially as described
previously (22). Pretaporter fused to maltose-binding

protein (MBP) was prepared and purified as reported
previously (22). The GST-fused Draper proteins were
mixed with MBP-tagged Pretaporter (at an equal molar
concentration) in a buffer consisting of 15 mM PIPES (pH
6.5), 0.1 M NaCl, 20 mM KCl, 20 mM MgSO,, and 10
mM CaCl,, precipitated with glutathione-sepharose, and
analyzed by Western blotting for the co-precipitation of
MBP-Pretaporter using the anti-MBP antibody.

2.3. Assay for tyrosine phosphorylation

The EST clone GHO03529 and the plasmid pUAST (28)
were used to prepare vectors to express HA-tagged Draper
proteins with altered NPxY and YxxL motifs as well as
with unaltered motifs. 1(2)mbn cells were transfected with
these vectors together with pActSC-GAL4 (a gift from
M. Miura), a GAL4 driver for the ubiquitous expression
of UAS-transgenes, by lipofection (Cellfectin II; Life
Technologies Japan) and cultured for 2 days. The cells
were then lysed with a buffer consisting of 40 mM Tris-
HCI (pH 7.5), 0.15 M NaCl, 1 mM EDTA, 2% (w/v)
CHAPS, protease inhibitors (Nakalai Tesque, Kyoto,
Japan), and phosphatase inhibitors (Sigma-Aldrich Japan,
Tokyo, Japan). The lysates were incubated with the anti-
influenza virus hemagglutinin (HA) antibody, and HA-
tagged Draper proteins were precipitated with protein
G-sepharose (GE Healthcare Japan) and subjected to
Western blotting with the anti-phosphotyrosine antibody.
For the analysis of the tyrosine phosphorylation of Draper
in vivo, pupae of the flies that expressed Draper proteins
containing altered NPxY and YxxL motifs with the
background of drpr™’ were lysed with a buffer consisting
of 20 mM Tris-HCI (pH 8.1), 0.15 M NaCl, | mM CaCl,, 1
mM MgCl,, 0.5% (v/v) Nonidet P-40, and 5% (w/v) bovine
serum albumin. The resulting lysates were subjected to
immunoprecipitation with the anti-Draper antibody, and
the precipitates were analyzed by Western blotting with
the anti-phosphotyrosine antibody.

2.4. Immunochemistry

Cultured 1(2)mbn cells were smeared on glass slides,
incubated with phosphate-buffered saline (PBS)
containing the anti-HA antibody and 1% (v/v) blocking
reagent (Roche Diagnostics Japan, Tokyo, Japan), and
washed with PBS. They were then successively reacted
with biotin-conjugated anti-mouse IgG antibody (Life
Technologies Japan) and Alexa488-labeled streptavidin
(Life Technologies Japan), and examined by fluorescence
microscopy. For the analysis of embryos, dispersed
embryonic cells were smeared on glass slides, incubated
with PBS containing the anti-Draper antibody and 3%
bovine serum albumin, and washed with PBS. The
samples were successively reacted with biotin-conjugated
anti-rat IgG antibody (Life Technologies Japan) and
Alexa546-labeled streptavidin (Life Technologies Japan)
followed by microscopic examination.
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2.5. Other materials and methods

Generation and use of the anti-Draper and anti-
Croquemort rat antibodies were reported previously
(16). The anti-MBP, anti-GST, anti-HA, and anti-
phosphotyrosine (clone RC20) antibodies were
purchased from New England Biolabs (Ipswich, MA,
USA), Millipore (Billerica, MA, USA), Covance
Japan (Tokyo, Japan), and BD Biosciences (San Jose,
CA, USA), respectively. The level of phagocytosis of
apoptotic cells was cytochemically determined with
dispersed embryonic cells as described previously (29),
and the ratio of hemocytes that had accomplished
phagocytosis was exhibited as "phagocytosing
hemocytes". Western blotting of lysates of cultured
cells (/4) and flies (29) was done essentially as
reported previously.

2.6. Data processing and statistical analysis

Results from quantitative analyses were expressed as the
mean + SD of the data from at least three independent
experiments. Other data were representative of at least
three independent experiments that yielded similar
results. Statistical analyses were performed using the
two-tailed Student's #-test, and p values of less than 0.05
were considered significant and are indicated in the
figures.

3. Results

3.1. Identification of minimum region of Draper for
binding to Pretaporter

We first tried to determine the region of Draper
required for the binding to its ligand Pretaporter.
The EMI and NIM domains are located close to the
N-terminus, and EGF-like sequences appear 15 times
occupying the remaining part of the extracellular region
(Figure 1A). We previously showed that a recombinant
Draper protein lacking the EMI and NIM domains
binds Pretaporter (22), and thus tested the binding of
Pretaporter to Draper proteins with reduced numbers
of the EGF-like sequences (Figure 1A). MBP-tagged
Pretaporter (MBP-Prtp), portions of the extracellular
region of Draper fused with GST (GST-DrprEx), and
GST alone as a negative control were purified (Figure
1B) and mixed, and GST-proteins were recovered with
glutathione-Sepharose followed by examination for the
presence of MBP-Prtp by Western blotting using the
anti-MBP antibody. We found that the reduction in the
number of EGF-like sequences did not significantly
influence the binding to Pretaporter, and that even only
a single EGF-like sequence located the closest to the
N-terminus effectively bound Pretaporter (Figure 1C,
left panels). We next tested single EGF-like sequences
located at other parts of Draper for the binding to
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Figure 1. Identification of minimum region of Draper
necessary for binding to Pretaporter. Various parts of
the extracellular region of Draper were examined for the
binding to Pretaporter. (A) Structures of Draper and the
Draper proteins analyzed (GST-DrprEx) are schematically
drawn not to scale. The positions of the EMI, NIM, EGF-like,
NPxY, and YxxL domains together with the transmembrane
region (TM) are shown. (B) Purified MBP-fused Pretaporter
(MBP-Prtp), GST, and GST-DrprEx were analyzed by SDS-
PAGE followed by staining with Coomassie brilliant blue. The
numbers above the slots correspond to those used to explain
the structures of GST-DrprEx in (A). The arrowheads point
to the positions of the purified proteins. (C) GST-DrprEx and
MBP-Prtp were incubated, pulled-down with glutathione-
sepharose, and analyzed by Western blotting with anti-GST
(top panels) and anti-MBP (bottom panels) antibodies. The
asterisks and arrowheads indicate GST-DrprEx and MBP-
Prtp, respectively.
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Pretaporter, and found that all the sequences examined
possessed the activity (Figure 1C, right panels). These
results confirmed that EMI and NIM domains are
dispensable for the binding of Draper to its ligand
Pretaporter and suggested that any single EGF-like
sequences of 15 repeats warrant the binding activity of
Draper.

3.2. Tyrosine phosphorylation of Draper with altered
NPxY and YxxL motifs

The cytoplasmic portion of Draper contains two short
sequences susceptible to tyrosine phosphorylation,
the NPxY and YxxL motifs, which have been
presumed to be important for the actions of Draper.
To delineate their roles, we first examined the effect
of Y-to-F substitution in these motifs on the tyrosine
phosphorylation of Draper. Nucleotide sequences of
the cDNA of Draper, corresponding to Draper-I (/5),
were altered so that tyrosine residues located in the
NPxY and YxxL motifs were changed to phenylalanine
(Figure 2A). Draper proteins with Y-to-F substitution
were expressed in 1(2)mbn cells as proteins fused to
HA at the N-terminus (HA-Drpr). When the cells were
examined by immunocytochemistry for the surface
localization of HA-Drpr using the anti-HA antibody,
positive signals were obtained with cells expressing
all the three Draper proteins, HA-Drpr-WT (no amino
acid alteration), HA-Drpr-Y949F (Y-to-F substitution
in YxxL), and HA-Drpr-Y858F (Y-to-F substitution
in NPxY) (Figure 2B, left panel). The level of HA-
Drpr-Y858F was somewhat higher than those of
the other two proteins as examined by Western
blotting of whole-cell lysates (Figure 2B, right
panel). Under such conditions, the level of tyrosine-
phosphorylated HA-Drpr was determined. For this
purpose, 1(2)mbn cells expressing HA-Drpr were
lysed and subjected to immunoprecipitation with the
anti-HA antibody followed by Western blotting with
the anti-phosphotyrosine antibody (Figure 2C). As we
reported previously for endogenous Draper (22), HA-
Drpr-WT in 1(2)mbn cells was already phosphorylated
at tyrosine residues. We found that both HA-Drpr-
Y858F and HA-Drpr-Y949F underwent tyrosine
phosphorylation. These results suggested that Draper
is phosphorylated at tyrosine residues in both NPxY
and YxxL motifs.

We then conducted similar experiments in vivo.
Draper with Y-to-F substitution in either NPxY
or YxxL were forcedly expressed in hemocytes
of drpr™, a null mutant for draper, and lysates
of pupae were subjected to immunoprecipitation
with the anti-Draper antibody followed by Western
blotting with the anti-phosphotyrosine antibody
(Figure 2D). We found that either Draper protein
with the substitution of the tyrosine residue was
phosphorylated, suggesting again the occurrence of

tyrosine phosphorylation in both NPxY and YxxL
motifs.
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Figure 2. Tyrosine phosphorylation of Draper with
altered NPxY and YxxL motifs. The levels of tyrosine-
phosphorylated Draper proteins containing the sequences
NPxY-YxxL (WT), NPxY-FxxL (Y949F), and NPxF-YxxL
(Y858F) were determined. (A) Amino acid sequences of the
three Draper proteins around NPxY and YxxL motifs are
shown. The numbers indicate amino acid positions with the
N-terminus as 1. (B) Expression of the HA-fused Draper
proteins (HA-Drpr) in 1(2)mbn cells was determined by
immunocytochemistry (left) and Western blotting (right)
using anti-HA antibody. In immunocytochemistry, phase
contrast and fluorescence views of the same microscopic
fields are shown. Scale bar = 5 um. In Western blotting, the
level of hemocyte-specific Croquemort (Crq) was determined
for equal loading of the lysates. (C) Lysates of 1(2)mbn cells
expressing HA-Drpr were immunoprecipitated (IP) with
anti-HA antibody (anti-HA) followed by Western blotting
(WB) with anti-HA and anti-phosphotyrosine antibody
(anti-pY). The arrowhead points to the position of HA-
Drpr. (D) Three Draper proteins with no tags were forcedly
expressed in hemocytes of drpr”’, and lysates of pupae were
immunoprecipitated with anti-Draper antibody (anti-Drpr)
followed by Western blotting with anti-Drpr and anti-pY.
The arrowhead points to the position of Draper proteins.
Note that the intense signals below those of Draper seen in
the left panel are derived from immunoglobulin. Genotypes
of the fly lines analyzed are: yw/w (or Y); UAS-drpr-WT/
srpHemoGAL4 UAS-srcEGFP; drpr™ (WT), UAS-drpr-
Y949F/w (or Y); srpHemoGAL4 UAS-srcEGFP/+; drpr"’
(Y949F), and UAS-drpr-Y858F/w (or Y); srpHemoGAL4 UAS-
srcEGEP/+; drpr™ (Y858F).

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2012; 6(6):291-297. 295

3.3. Identification of tyrosine residue required for
Draper-mediated phagocytosis

We next determined the importance of the NPxY and
YxxL motifs for the actions of Draper in the phagocytosis
of apoptotic cells. To do so, a defect of phagocytosis
due to a loss of Draper expression in drpr’ was rescued
by forced expression of Draper with Y-to-F substitution
at the NPxY and YxxL motifs (see Figure 2A) using a
hemocyte-specific promoter. To examine the presence
of Draper proteins in hemocytes of the transgenic flies,
dispersed embryonic cells were immunocytochemically
analyzed with the anti-Draper antibody. Most hemocytes,
which were identified by the presence of green
fluorescent protein (GFP), were positive for the binding
of the anti-Draper antibody (Figure 3A, left panel). When
lysates of those embryos were examined by Western
blotting, the level of intact Draper (WT) was lower than
those of the other two Draper proteins (Figure 3A, right
panel). We then examined the extent of apoptotic cell
clearance in the embryos of those flies together with
various control flies. The expression of intact Draper,
even the least among the three exogenous Draper
proteins, sufficiently recovered the level of phagocytosis
in drpr™’ (Figure 3B). This was the first to genetically
confirm the involvement of Draper in the phagocytosis
of apoptotic cells by hemocytes. A similar result was
obtained for the embryos that expressed the Draper
protein with Y-to-F substitution in YxxL (Y949F) (Figure
3C). However, the expression of the Draper protein with
Y-to-F substitution in NPxY (Y858F) failed to rescue the
defective phagocytosis caused by a loss of endogenous
Draper (Figure 3C). These results collectively indicated
that the NPxY motif, but not the YxxL motif, is necessary
for Draper to exert actions as a receptor for phagocytosis
in hemocytes.

4. Discussion

Draper contains atypical EGF-like sequences and
two phosphorylatable motifs, NPxY and YxxL, in the
extracellular and intracellular regions, respectively.
This study was undertaken to examine the importance
of the EGF-like repeat for the binding to the ligand
Pretaporter as well as of the NPxY and YxxL motifs
for the induction of phagocytosis. The results revealed
that a single EGF-like sequence is sufficient for
Draper to bind Pretaporter, and that the motif NPxY,
but not YxxL, is required for Draper to induce
phagocytosis. In general, the NPxY motif, upon
tyrosine phosphorylation, binds proteins that contain
the PTB domain. In fact, we previously reported
that Ced-6, a PTB domain-containing adaptor, is
located downstream of Draper (22). Our data provide
a molecular basis for the idea that Draper activates
the pathway CED-6/CED-7/CED-10. The following
mechanism is now presumed for Draper-mediated

phagocytosis: Pretaporter binds to Draper through an
EGF-like sequence; tyrosine phosphorylation of the
NPxY motif is augmented; Ced-6 becomes associated
with the phosphorylated NPxY motif; and signals
are further transmitted to Drosophila orthologues
of CED-7 and CED-10 leading to the induction of
phagocytosis. On the other hand, Freeman and co-
workers reported that the other motif YxxL (25,30)
together with Drosophila components constituting
the pathways CED-6/CED-7/CED-10 and CED-2/
CED-5/CED-12/CED-10 (31,32) are all required for
the Draper-mediated phagocytosis of injured axons by
glia. Therefore, Draper appears to differentially use
the two intracellular motifs for transmitting signals to
induce the phagocytosis of apoptotic cells and injured
axons. This difference in the mode of Draper's actions
could be due to a difference in ligands for Draper and/
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Figure 3. Rescue of defect in apoptotic cell clearance in
Draper-lacking flies by expression of Draper with altered
NPxY and YxxL motifs. Three Draper proteins containing
the sequences NPxY-YxxL (WT), NPxY-FxxL (Y949F),
and NPxF-YxxL (Y858F) were expressed in hemocytes
of drpr™’, and the level of phagocytosis was determined.
(A) Expression of the Draper proteins was determined by
immunocytochemistry (left) and Western blotting (right) using
anti-Draper antibody. In immunocytochemistry, phase contrast
and fluorescence views of the same microscopic fields that
contain GFP-expressing hemocytes are shown. Scale bar =
5 um. In Western blotting, lysates of whole embryos were
analyzed. (B) Dispersed embryonic cells obtained from the
indicated flies were subjected to an assay for phagocytosis.
The fly line w''"® was used as a draper” control. ns, not
significant. Genotype of the fly line (GAL4+ and UAS+
with drpr™) is yw/w gor Y); UAS-drpr-WT/srpHemoGAL4
UAS-srcEGFP; drpr™. (C) The level of phagocytosis was
determined as in (B). Genotypes of the fly lines analyzed are:
UAS-drpr-Y949F/w (or Y); stpHemoGAL4 UAS-srcEGFP/+;
drpr™ (GAL4+ with Y949F) and UAS-drpr-Y858F/w (or
Y); srpHemoGAL4 UAS-srcEGFP/+; drpr™’ (GAL4+ with
Y858F).
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or types of phagocytes. It is necessary to further clarify
the mechanism by which Draper transmits signals to
downstream molecules, particularly focusing on the
roles of the two phosphorylatable motifs located in the
cytoplasmic portion of this receptor.

Integrin B-subunits contain the motif NPxY in their
cytoplasmic region, which serves as a binding site for
various adaptor molecules possessing the PTB domain
(33). Mammalian afB; and afs (34), Drosophila
aPS3pv ((29) and our unpublished observation), and
C. elegans INA-1-PAT-3 (10) act as receptors in the
phagocytosis of apoptotic cells. However, a,,f5 (35) and
INA-1-PAT-3 (10) seem to reside at the point furthest
upstream in the pathway CED-2/CED-5/CED-12/
CED-10, not CED-6/CED-7/CED-10. In addition, the
NPxY motif contained in 5 integrin was shown to be
dispensable for o,fs-mediated phagocytosis (36). In
contrast, mammalian stabilin-2, a phosphatidylserine-
binding engulfment receptor, uses its NPxY motif to
recruit the mammalian orthologue of CED-6 (37).
Interestingly, stabilin-2 may also activate the CED-2/
CED-5/CED-12/CED-10 pathway through physical
association with o5 (38). Therefore, which of the two
conserved signaling pathways is used by NPxY motif-
containing engulfment receptors seemingly depends
on the ligand-receptor combination and/or the receptor
repertoire in phagocytes.
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ABSTRACT: Medicinal plants have played an
important role in the treatment and prevention of
diseases since ancient times. They are also potential
sources of nutrients and drugs. This study evaluated
Achyranthes aspera ethanolic extracts for their in vitro
antioxidant activity and anti-hyperglycemic effects
on alloxan-induced diabetic mice. Diabetes was
induced in Swiss albino mice through intra-peritoneal
administration of alloxan and their blood glucose
levels and weight were measured weekly. At the end of
the experiment, all animals were sacrificed and tissue
samples were collected. A. aspera extracts had potent
antioxidant activity compared to reference standard
compounds. Treatment with an 4. aspera extract
at doses of 200 mg/kg and 400 mg/kg significantly
reduced blood glucose levels in alloxan-induced
diabetic mice. 4. aspera extract also prevented lipid
peroxidation as gauged by thiobarbituric acid reactive
substances (TBARS) and hydroperoxides. Moreover,
A. aspera extract increased the activity of catalase
and reduced NO levels in alloxan-induced diabetic
mice. Results revealed significant anti-hyperglycemic
activity of 4. aspera extracts in alloxan-treated mice
that may be mediated by diminished oxidative stress.

Keywords: Achyranthes aspera, anti-hyperglycemia,
oxidative stress, antioxidant, diabetes

1. Introduction

Hyperglycemia induces glucose auto-oxidation and
protein glycation, and subsequent oxidative degradation
of glycated proteins leads to enhanced production of
reactive oxygen species (/). In diabetes, endogenous
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antioxidants and scavenging protectors such as vitamin
E and glutathione are depleted and antioxidant enzymes
such as superoxide dismutase (SOD) and catalase are
less active (2). Thus, supplementation with a natural
antioxidant from a plant source would help to prevent
organ damage. Achyranthes aspera (Amaranthaceae) is
commonly found as a weed throughout Bangladesh and
the Indian subcontinent (3,4). The ethanol extract of the
plant contains alkaloids and saponins (5). Various parts
of the plant, seeds, stem, leaves, and root are reported to
contain ecdysterone (6,7). Phytochemical investigations
of this plant also revealed the presence of long-chain
fatty acids, triterpenoids, saponins, and flavonol
glycosides (8,9). Upon acidic hydrolysis, it yields an
aglycone in the form of oleanolic acid or quercitin (8, 9).

Several pharmacological studies also investigated A.
aspera. A. aspera extracts were reported to have thyroid-
stimulating and antiperoxidative properties (/0). Recent
reports suggest that A. aspera may benefit wound healing
(11) and prevent obesity in mice (/2). The aqueous and
methanol extracts of the plant also decreased blood
glucose levels in normal and alloxan-induced diabetic
rabbits (/3). A. aspera is also used by traditional healers
to treat diabetes (3). However, literature on the effect
of A. aspera extracts on oxidative stress in diabetes is
lacking. Previous pharmacological studies encouraged
the current authors to explore the therapeutic value of
A. aspera in the face of oxidative stress. In continuation
with phytochemical and pharmacological investigations
of Bangladeshi medicinal plants (/4-17), the current
study reports on the antioxidant and anti-hyperglycemic
activities of 4. aspera extracts in diabetic mice.

2. Materials and Methods
2.1. Reagents

Alloxan, 2,2-diphenyl-1-picrylhydrazyl (DPPH), naphthyl
ethylene diamine dihydrochloride, Folin-Ciocalteu
reagent, gallic acid, and thiobarbituric acid were
purchased from Sigma-Aldrich, St. Louis, MO, USA. All
other reagents are of standard laboratory grade.
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2.2. Plant material

A. aspera was collected from the Bangladesh
Agricultural University campus in July 2007 and
identified by an expert at the National Herbarium,
Mirpur, Dhaka, Bangladesh. Accession No. 32067 was
retained there for further reference and a specimen
has been preserved in the Pharmacognosy Laboratory,
Stamford University Bangladesh.

2.3. Extraction

An extract was yielded by placing a dried powder of
stem and leaves (200 g) in 80% ecthanol in a Soxhlet
apparatus at an elevated temperature. The extract was
concentrated by evaporation under reduced pressure at
40°C using a Buchi rotary evaporator to yield a gummy
concentrate that was greenish in color.

2.4. Animals used

Male Swiss albino mice, 3-4 weeks of age, weighing
between 20-30 g were used for in vivo pharmacological
screening. The mice were collected from the Animal
Research Branch of the International Center for
Diarrheal Disease and Research, Bangladesh (ICDDR,
B). They were housed in five groups in stainless
steel cages with dimensions of 28 x 22 x 13 in. Soft
wood shavings were used as bedding. The mice were
acclimatized to the new environment for one week
prior to the investigation and lived at constant room
temperature (24.0 £ 1.0°C), humidity 55-65%, and 12
h light/12 h dark cycles. Remaining feed and excreta
were removed from cages daily. Rat feed pellets from
ICDDR, B were given to the mice with fresh water
ad libitum. The University’s Animal Research Ethical
Committee approved the study protocol.

2.5. In vitro antioxidant activity test
2.5.1. DPPH radical scavenging activity

The free radical scavenging capacity of the extracts was
determined using DPPH (74-16,18). A DPPH solution
(0.004%, w/v) was prepared in 95% ethanol. 4. aspera
extracts were mixed with ethanol to prepare a stock
solution (5 mg/mL). A freshly prepared DPPH solution
(0.004%, w/v) was placed in test tubes and 4. aspera
extracts were added followed by serial dilution (1 pg
to 500 pg) of every test tube to reach a final volume
of 3 mL. After 10 min, absorbance was read at 515
nm using a spectrophotometer (HACH 4000 DU UV-
visible spectrophotometer). Ascorbic acid was used as
a reference standard and dissolved in distilled water to
prepare a stock solution with the same concentration
(5 mg/mL). Control samples were prepared with the
same volume of distilled water without any extract and

reference ascorbic acid. Ninety-five percent ethanol
served as the blank. The % scavenging of the DPPH
free radical was measured using the following equation:

% Scavenging activity =100 x (Absorbance of the control
— Absorbance of the test sample)/Absorbance of the control

The inhibition curve was plotted for two experiments and
was expressed as the % of the mean inhibition + standard
deviation (SD). ICs, values were obtained by probit
analysis.

2.5.2. Reducing power

The reducing power of A. aspera was determined by
the method previously described by Oyaizu (1986)
(19). Different concentrations of 4. aspera extracts
(100 to 1,000 pg) in 1 mL of distilled water were mixed
with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and
potassium ferricyanide [K ;Fe(CN),] (2.5 mL, 1%).
The mixture was then incubated at 50°C for 20 min.
A portion (2.5 mL) of trichloroacetic acid (10%) was
added to the mixture, which was then centrifuged at
3,000 rpm for 10 min. The upper layer of the solution
(2.5 mL) was mixed with distilled water (2.5 mL) and
FeCl, (0.5 mL, 0.1%) and the absorbance was measured
at 700 nm. Increased absorbance of the reaction
mixture indicated increased reducing power. Ascorbic
acid served as the standard. Phosphate buffer (pH 6.6)
served as the blank solution. The absorbance of the
final reaction mixture of two parallel experiments was
read and expressed as mean =+ standard deviation (SD).

2.5.3. Nitric oxide (NO) radical inhibition assay

NO radical inhibition was estimated using a Griess-
Illosvoy reaction (/6,20). In this investigation, Griess-
Illosvoy reagent was modified by using naphthyl
ethylene diamine dihydrochloride (0.1%, w/v) instead
of I-napthylamine (5%). The reaction mixture (3
mL) containing sodium nitroprusside (10 mM, 2
mL), phosphate buffer saline (0.5 mL), and 4. aspera
extract (10 to 320 pg) or standard solution (ascorbic
acid, 0.5 mL) was incubated at 25°C for 150 min.
After incubation, 0.5 mL of the reaction mixture was
mixed with 1 mL of sulfanilic acid reagent (0.33% in
20% glacial acetic acid) and allowed to stand for 5
min to complete diazotization. Then, 1 mL of naphthyl
ethylene diamine dihydrochloride was added. After
mixing, the mixture was allowed to stand for 30 min at
25°C. A pink colored chromophore formed in diffused
light. The absorbance of these solutions was measured
at 540 nm against the corresponding blank solutions.

2.5.4. Scavenging of hydrogen peroxide (H,O,)

The ability of the extracts to scavenge H,O, was
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determined by the method described by Ruch et al. (21).
H,0, (43 mM) was prepared in phosphate buffered
saline (pH 7.4). Standard (ascorbic acid) and extract
solutions were prepared at concentrations of 50 to 250
mM. Aliquots of standard or extract solutions (3.4 mL)
were added to 0.6 mL of H,O, solution. The reaction
mixture was incubated at room temperature for 10 min,
and the absorbance was determined at 230 nm. The
percentage of scavenging was calculated as follows:
% H,0, scavenging = 100 x (Absorbance of control —
absorbance of sample)/Absorbance of control.

2.5.5. Assay for total phenolic content

The concentration of total phenols in extracts was
measured with a UV spectrophotometer based on a
colorimetric oxidation/reduction reaction (22). The
oxidizing reagent used was Folin-Ciocalteu reagent.
Gallic acid served as the standard. Two-point-five mL
of Folin-Ciocalteu reagent (diluted 10 times with water)
and 2 mL of Na,CO, (75 g/L) were added to 0.5 mL
of diluted extract (1 mg in 4 mL distilled water). The
sample was incubated for 20 min at room temperature.
A control sample was prepared with 0.5 mL of distilled
water. The absorbance was measured at 760 nm. These
data were used to estimate the phenolic content based on
a standard curve obtained with various concentrations
of gallic acid. The results were expressed as pg of gallic
acid per mg of extract.

2.6. Glucose tolerance test

Animals fasted overnight and were then divided into
three groups with five mice each. Control animals were
given 1 mL of distilled water orally (Group I). A. aspera
extracts were administered orally using a feeding
syringe at concentrations of 100 and 200 mg/kg (Groups
II and III, respectively). After the A. aspera extract
administration, all groups were given glucose (2 g/kg)
orally. Blood samples were collected from the tail vein
just prior to and 60, 120, and 240 min after the glucose
challenge. Blood glucose concentrations were assayed
with a glucometer. Results of the glucose tolerance test
served as a hypothetical reference to extrapolate the
dose levels that would be used to evaluate short- and
long-term effects of A. aspera extracts on diabetic mice.

2.7. Experimental design of a model of alloxan-induced
diabetes

2.7.1. Animal treatment

A total of 25 mice (20 diabetic surviving mice, 5 normal
mice) were used in the experiment. Group | consisted
of normal mice, Group 2 consisted of diabetic control
mice (alloxan, 150 mg/kg, i.p., in citrate buffer, pH 4.4),
Group 3 consisted of diabetic mice given metformin (600

ng/kg body weight) in aqueous solution daily for 3 weeks
via intraperitoneal administration, Group 4 consisted of
diabetic mice given 4. aspera plant extract (200 mg/kg
body weight) in aqueous solution daily for 3 weeks via an
intragastric tube, and Group 5 consisted of diabetic mice
given A. aspera (400 mg/kg, body weight) in aqueous
solution daily for 3 weeks via an intragastric tube.

The diabetic state was assessed by determining the
blood glucose concentration 3 and 5 days after alloxan
treatment. No detectable irritation or restlessness was
observed after each drug or vehicle administration. No
noticeable adverse effects (i.e., respiratory distress,
abnormal locomotion, and catalepsy) were observed in
any of the animals after the drug administration.

2.7.2. Blood sample collection

Blood samples were drawn at weekly intervals till the
end of study (i.e. 3 weeks) by the tail tip method and
were used to assay glucose levels in plasma. At the end
of the 3rd week, all mice were sacrificed by decapitation
after they were anaesthetized with pentobarbitone
sodium (60 mg/kg).

2.71.3. Brain and liver sample collection

The brain and liver were completely removed and washed
in ice-cold saline to remove blood. The brains were
weighed and 10% tissue homogenate was prepared with
0.025 M Tris-HCI buffer, pH 7.5. After centrifugation
at 8,000 rpm for 15 min, the supernatant was used to
measure thiobarbituric acid reactive substances (TBARS),
hydroperoxides, NO levels, and catalase activity.

2.7.4. Estimation of blood glucose

Glucose was measured in the serum of non-fasting
mice. Blood was sampled by the tail tip method and
then analyzed with a Reflotron Plus auto analyzer
(Roche, Germany) using a commercial kit.

2.7.5. Estimation of lipid peroxidation

Lipid peroxidation in the brain and liver was estimated
colorimetrically using TBARS by the method previously
described by Niehius and Samuelsson (23). In brief, 0.1
mL of tissue homogenate (Tris-HCI buffer, pH 7.5) was
treated with 2 mL of (1:1:1 ratio) TBA-TCA-HCI reagent
(thiobarbituric acid 0.37%, 0.25 M HCI, and 15% TCA)
and placed in a water bath for 15 min. It was then allowed
to cool. The absorbance of the clear supernatant was
measured against a reference blank at 535 nm.

2.7.6. Estimation of hydroperoxide

Hydroperoxide levels were estimated by the method
previously described by Jiang et al. (24). Specifically,
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Table 1. Scavenging of free radicals by a crude hydroethanolic extract of A. aspera and ascorbic acid according to DPPH,

NO, and H,0, scavenging assays

Sl IC; (ng/mL) Total phenolic content
atple . . - (ng/mg)*
DPPH scavenging assay NO scavenging assay H,O, scavenging assay
A. aspera extract 243.7 39.0 92.0 80.4
Ascorbic acid 559 69.9 158.9 -

" Data is presented as pg of gallic acid per mg of extract.

0.1 mL of tissue homogenate was treated with 0.9 mL of
Fox reagent (88 mg butylated hydroxytoluene (BHT), 7.6
mg xylenol orange, and 9.8 mg ammonium iron sulphate
were added to 90 mL of methanol and 10 mL of 250 mM
sulphuric acid) and incubated at 37°C for 30 min. The
color that developed was read colorimetrically at 560
nm. Hydroperoxide was expressed as mM/100 g tissue.

2.7.7. Assay of catalase

Catalase activity was assayed colorimetrically at 620
nm and expressed as pmoles of H,O, consumed/min/mg
protein using the method described by Sinha (25). The
reaction mixture (1.5 mL, vol) contained 1.0 mL of 0.01 M
phosphate buffer (pH 7.0), 0.1 mL of tissue homogenate
(supernatant), and 0.4 mL of 2 M H,0,. The reaction was
stopped by the addition of 2.0 mL of dichromate-acetic
acid reagent (5% potassium dichromate and glacial acetic
acid mixed at a 1:3 ratio).

2.7.8. Assay of NO

NO in the form of nitrate and nitrite was determined
according to the method described by Tracy et al.
(26). In the current study, Griess-Illosvoy reagent
was modified by using naphthyl ethylene diamine
dihydrochloride (0.1%, w/v) instead of 1-napthylamine
(5%). The reaction mixture (3 mL) containing liver
homogenate (2 mL) and phosphate buffer saline (0.5
mL) was incubated at 25°C for 150 min. The remaining
steps of the NO scavenging assay were as previously
described. A pink chromophore formed in diffused light.
The absorbance of these solutions was measured at 540
nm against the corresponding blank solutions. The NO
level was measured using a standard curve and was
expressed as nmol/g of tissue.

2.8. Statistical analysis

All data sets were presented as mean + SD. Comparison
between groups was done by statistical analysis of data
sets using one-way analysis of variance (ANOVA)
followed by a Newman-Keuls multiple-comparison
post hoc test. A p-value of < 0.05 was considered
statistically significant. All statistical analyses were
performed using Graph Pad Prism version 5.00 for
Windows.

41 & Ascorbicacid &« BHT - Aaspera

Absorbance at 700 nm

S

0 200 400 600 800 1000
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Figure 1. Reducing power of ascorbic acid, BHT, and an
extract of A. aspera. Values are given for duplicate experiments.
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Figure 2. Total antioxidant capacity of an extract of A.

aspera. Values are given for two consecutive experiments.
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3. Results
3.1. Antioxidant activity of A. aspera extracts

A. aspera extracts had strong free radical scavenging
activity in vitro according to various antioxidant assays.
Significant antioxidant activity was evident in terms of
NO scavenging (ICs,: 39.0 pg/mL) and H,O, scavenging
(ICsy: 92.0 pg/mL) (Table 1). However, DPPH
scavenging (Table 1) and reducing power assays revealed
that the extracts had little to no activity (Figure 1). Total
antioxidant capacity also increased with an increase in
the concentration of the assay medium (Figure 2).

3.2. Total phenolic content

The total phenolic content in the extracts of 4. aspera
was determined using Folin-Ciocalteu regents. Phenolic
content was calculated based on a regression equation
for the calibration curve (y = 0.0162x + 0.0232, R* =
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0.9985) and was expressed as gallic acid equivalents
(80.4 ng/mg extract) (Table 1).

3.3. Effect of A. aspera on plasma glucose levels in
normal mice

The oral glucose tolerance test of non-diabetic mice
revealed a dose-dependent decrease in plasma glucose
over a period of 3 h after administration of the extract
of A. aspera, as summarized in Figure 3. The maximum
reduction in glucose levels was noted with both doses
in the second hour of the study. Control animals had
increased glucose levels in the first hour that returned to
normal within three hours. This is attributed to glucose
homeostasis.

3.4. Body weight after 3 weeks of A. aspera administration

The body weight of the diabetic group decreased
significantly (p < 0.05) compared to that of the normal
control. The body weight of diabetic rats treated
with 4. aspera at a dose of 200 and 400 mg/kg body
weight almost returned to normal (Figure 4). Alloxan
administration caused significant weight loss after 3
weeks of treatment whereas mice in the normal group
continued to gain weight. Treatment with a 200 or 400
mg/kg dose of A. aspera remedied the weight loss.
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0
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Figure 3. Glucose tolerance test of non-diabetic mice with
an extract of A. aspera. Values are expressed as mean + SD.
*Statistical significance was defined as p < 0.05 in all cases
vs. control.
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Figure 4. Effect of the hydroalcoholic extract of A. aspera
on the body weight of mice. Values are expressed as mean
+ SD. " Statistical significance was defined as p < 0.05 in all
cases vs. control. Alox, alloxan; Met, metformin; Asp 200, 4.
aspera 200 mg/kg; Asp 400, A. aspera 400 mg/kg.

3.5. Effect of A. aspera extracts on glucose levels in
alloxan-treated rats

As shown in Figure 5, a single intraperitoneal injection
of alloxan at a dose of 150 mg/kg body weight
increased glucose levels > 8§ mM after 5 days. 4.
aspera extracts significantly decreased blood glucose
levels. Serum glucose levels in normal mice (Group
1) were unaltered throughout the study but increased
significantly (p < 0.05) in the diabetic control group
(Group 2) during the second and third week of the
study. Glucose levels in the metformin treatment group
(Group 3) were almost normal during the study period.
Administration of 4. aspera extracts at a dose of 400
mg/kg significantly reduced elevated glucose levels in
the second week after alloxan administration; in the
third week, glucose levels were almost normal. Like
the higher dose, a lower dose of A. aspera also reduced
blood glucose levels (Figure 5). Findings were similar
to those for the metformin treatment group.

3.6. TBARS, catalase, hydroperoxide, and NO levels

The level of malondialdehyde (MDA) as a lipid
peroxidation product was gauged by TBARS (42.0 £ 9.3
nmol/g tissue) and hydroperoxides (28.8 + 3.3 mM/g
tissue) in the liver of alloxan-induced diabetic control
mice, which are significantly higher (p < 0.05) than those
of normal mice (14.0 + 1.6 nmol/g tissue and 24.1 + 2.5
mM/g tissue, respectively) (Table 2). TBARS (32.2 +
2.2 nmol/g tissue) and hydroperoxides (19.4 + 2.8 mM/g
tissue) in the brain also increased in alloxan-induced
diabetic mice compared to normal mice (11.8 = 1.5
nmol/g tissue and 15.1 + 1.5 mM/g tissue, respectively).
Treatment with 4. aspera significantly decreased
the level of lipid peroxidation products (TBARS and
hydroperoxides) (Table 2).

Moreover, a significant decrease (p < 0.05) in the
activity of antioxidant enzyme catalase was also observed
in the liver of alloxan-induced diabetic mice (22.4 + 4.4
U/mg of protein) when compared to normal mice (41.0

-
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Plasma glucose concentration (mM)

Before After 1st 2nd 3rd
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Figure 5. Effect of the hydroethanolic extract of A. aspera on
blood glucose levels in plasma. Values are expressed as mean +
SD. Statistical significance was defined as p < 0.05 in all cases
vs. control. Alox, alloxan; Met, metformin; Asp 200, 4. aspera
200 mg/kg; Asp 400, A. aspera 400 mg/kg.

Alloxan
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Table 2. Effect of an A. aspera extract on oxidative markers in brain and liver homogenates from alloxan-induced diabetic mice

TBARS Hydroperoxide Catalase activity NO
(nmol/g tissue) (mM/g of tissue) (U%mg of protein)  (nmol/g of tissue)
Group
Brain Liver Brain Liver Liver Liver

Normal 11.8+1.5" 140+ 1.6 15.1+1.5" 24.1+2.5% 41.0+0.6" 11.5+1.9*
Diabetes control 322+22° 420+93° 19.4+2.8 28.8+3.3" 22444 293+ 1.7
Metformin 27.1+£2.8° 27.1+1.7° 13.1+1.4° 17.6 +£1.3° 31.9+3.9° 183 +£5.5°
A. aspera 200 mg/kg 28.5+£5.6° 32.3+4.3°¢ 16.9+1.1° 19.5+£2.7° 339+ 1.7° 22.8+2.4°
A. aspera 400 mg/kg 21.2+3.1° 32.0+1.4° 13.2+1.6° 9.6+1.2° 353+0.3° 21.8+£2.7°

Values are expressed as mean + SD. Differences in means were estimated by means of ANOVA followed by a Newman-Keuls post hoc test (n = 5).
Statistical significance was defined as p < 0.05 in all cases, “” Group normal vs. diabetes control, p < 0.05; ™ Diabetes control vs. treatment, p <

0.05. U* = pmol of H,0, consumed/min.

+ 0.6 U/mg of protein) (Table 2). Administration of A4.
aspera extracts restored catalase activity in the liver (33.9
+ 1.7 and 35.3 £ 0.3 U/mg of protein, respectively, for a
dose of 200 and 400 mg/kg body weight).

Furthermore, as shown in Table 2, the NO levels
also increased in the liver of alloxan-induced diabetic
mice (29.3 + 1.7 nmol/mL) compared to normal mice
(11.5 £ 1.9 nmol/mL). Treatment with 4. aspera
significantly decreased the NO levels in diabetic mice
(22.8 £2.4 and 21.8 £ 2.7 nmol/mL, respectively, for a
dose of 200 and 400 mg/kg body weight).

4. Discussion

Oxidative stress in diabetes coexists with a reduction in
antioxidant status (27). In the current study, 4. aspera
had potent antioxidant activity in vitro and lowered
blood glucose concentrations and prevented oxidative
stress in alloxan-treated diabetic mice. A pancreatic
B-cell toxin, alloxan is responsible for oxidative
damage to the pancreas. A low dose of alloxan (120
mg/kg) causes partial destruction of pancreatic -cells
in laboratory rodents and thereby produces glucose
intolerance and hyperglycemia (28).

A. aspera extracts had potent free radical
scavenging activity in a dose-dependent manner in vitro
according to various assays. Phytochemical screening
revealed the presence of flavonoids and phenolic
compounds in the extracts. Free radical scavenging
activity of plant extracts is dependent on the presence
of such polyphenolic compounds (29,30). In the current
study, 4. aspera extracts had potent inhibitory activity
against NO and H,0, generation. NO and H,0O, are
both strong free radicals in biological systems that are
readily converted into more reactive peroxynitrite and
superoxide anions (37). Previous reports suggest that
A. aspera has saponin glycosides with aglycones in
the form of betaine, oleanolic acid, and quercitin, and
these compounds presumably improve diabetes and
hyperglycemia (8,9,32). Oleanolic acid and quercetin
are potent antioxidant compounds (33,34). Quercetin is
also effective against diabetes in experimental animals
and prevents oxidative stress and B-cell damage in
streptozotocin-induced diabetic rats (35,36). The

current study found that 4. aspera extracts reduced the
elevated blood glucose levels in alloxan-treated diabetic
mice in a dose-dependent manner. Lowering of blood
glucose levels is probably mediated by improvement or
protection of the pancreas' structure in alloxan-treated
mice (37).

Decreased antioxidant enzyme levels and increased
lipid peroxidation were also seen in alloxan-induced
diabetic animal (38). Thus, supplementation with
antioxidants may have a chemoprotective role in diabetes
(39). The reoxidation of dialurate to alloxan by molecular
oxygen yields H,0,, which is generally considered to
be a cytotoxic agent. The decreased activity of catalase
and SOD may be a response to increased H,0O, and O,
production as a result of the autoxidation of glucose and
non-enzymatic glycation (40). Catalase is a hemeprotein
that catalyzes the reduction of H,O, and protects tissue
from highly reactive hydroxyl radicals. SOD and catalase
activity decrease in the liver and kidneys during diabetes
and are implicated in the accumulation of O, and H,0,
(41). Administration of A. aspera extract increased
the activity of catalase and decreased hydroperoxide
production by scavenging free radicals because of
the presence of phenolic compounds in the extract.
Moreover, increased NO production from inducible NO
synthase may form peroxynitrite with superoxide and
contribute to cellular injury, including lipid peroxidation
and nitrosylation of some molecules (42). The positive
correlation between NO and TBARS concentrations in
diabetic mice may be responsible for the direct or indirect
effect of NO on increased lipid peroxidation. In this study,
alloxan-treated diabetic mice had the largest amounts of
NO and TBARS among the groups. 4. aspera extracts
had NO scavenging activity in vitro and prevented the
production of NO and TBARS in a dose-dependent
manner in alloxan-treated diabetic animals.

However, alternate pathways of glucose disposal
are also possible with 4. aspera administration due to
the presence of triterpenoid oleanolic acid present in
the plant. Oleanolic acid enhances insulin secretion
in response to a glucose challenge in both INS-1
832/13 cells and rat islets; no increase in cAMP and
intracellular Ca’’ ion concentrations has been noted
(43). Moreover, oleanolic acid inhibits a-glucosidase
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and activates TGRS G-protein-coupled receptors,
which may help to lower glucose levels by increasing
insulin sensitivity (44). This triterpenoid molecule
also affects glucose absorption in the gastrointestinal
tract by suppressing gastric emptying (GE) in rats and
it inhibits the Na'/glucose co-transport system at the
intestinal brush border membrane (45). Metformin, a
biguanide used in the current study as a standard drug,
also had hypoglycemic action (46). Metformin acts by
decreasing hepatic glucose production and intestinal
absorption as well as by increasing peripheral glucose
uptake and insulin sensitivity (46). Metformin also
increases fatty acid oxidation and decreases absorption
of glucose from the gastrointestinal tract (47).

The current study substantiates the use of 4. aspera
in traditional medicine as a nonspecific hypoglycemic
agent. Its hypoglycemic activity is due to its ability to
scavenge free radicals and prevent oxidative stress in
diabetic mice. Further studies are required to establish
the safety of the extract and possibly isolate the active
principle responsible for the observed activity of 4.
aspera extracts.
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ABSTRACT: Micronized purified flavonoid fraction
(MPFF, Daflon®) is a phlebotonic drug widely used
in chronic venous or lymphatic insufficiency. We
aimed to investigate the effects of MPFF on hepatic
and brain oxidative stress and on liver injury caused
by lipopolysaccharide (LPS) in rats. MPFF (4.5, 9, or
18 mg/kg) or saline was administered orally for two
days prior to intraperitoneal (i.p.) LPS (300 pg/kg) and
at time of LPS administration. Rats were euthanized
4 h after LPS injection. The administration of LPS
increased oxidative stress in brain and liver tissue.
Malondialdehyde (MDA) increased by 193.5 and
191.8%, reduced glutathione (GSH) decreased by 73.8
and 70.8% and nitric oxide increased by 118.2 and
151.7% in the brain and liver, respectively. Serum
paraoxonase 1 (PON1) activity decreased by 42.6%.
Serum aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and alkaline phosphatase
(ALP) were raised by 101.8, 93.6, and 223.2%,
respectively. Rats treated with MPFF at 9 and 18
mg/kg showed decreased brain MDA (27.5-34%),
nitrite (25.5-41%) and increased GSH (27.2-74.1%).
In the liver, MDA decreased by 16.4-59.8%, nitrite
decreased by 54.7-56.7%, and GSH increased by 15.2-
70.5% with MPFF at 4.5, 9, or 18 mg/kg, respectively.
Serum PON1 activity showed 41-65.9% increments
with MPFF. Significant reductions in serum AST,
ALT, and ALP were seen after treatment with MPFF.
Moreover, the degree of histological damage, expression
of the inducible form of nitric oxide synthase and
the apoptotic enzyme caspase-3 in the liver were
substantially reduced. MPFF thus prevented the
increased oxidative stress and inflammation in brain
and liver as well as the liver dysfunction caused by
endotoxemia in the rat.
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Dokki, Cairo, Egypt.
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1. Introduction

Micronized purified flavonoid fraction (MPFE, Daflon®)
is a semisynthetic drug which consists of 90% micronized
diosmin (a flavone derivative) and 10% flavonoids
expressed as hesperidin (a flavonone derivative). The
flavonoid glycosides diosmin and hesperidin occur
naturally in citrus fruit (/). The drug is widely used in
treatment of varicose veins and venous ulcers, lymphatic
insufficiency and hemorrhoids (2,3). In these conditions,
MPFF exerts a venotonic action, decreasing venous
reflux, and thereby alleviating edema and providing
effective venous drainage (4). Moreover, the drug has
been shown to provide better outcomes for patients
with impaired cardiac function before undergoing
cardiac operations that require cardiopulmonary bypass
(5). These effects of MPFF can be ascribed to the anti-
inflammatory, microcirculatory, and antioxidant effects
of its flavonoid substances. In this context, MPFF has
been shown to decrease the levels of granulocyte and
macrophage infiltration into the inflamed tissues as well
as leucocyte adhesion to the vascular endothelium. The
decrease in release of oxygen free radicals, cytokines,
and proteolytic matrix metalloproteinases from activated
inflammatory and endothelial cells, results in lower levels
of inflammation, decreased microvascular permeability
and decreased leukocyte-dependent endothelial damage
(6,7). MPFF decreases vascular permeability more
than any of its single constituents, suggesting that the
flavonoids present in its formulation have a synergistic
action (8). The drug possesses an antioxidant effect,
significantly decreasing the level of hydroxyl free radicals
(9), increasing free SH-group concentration, and natural
scavenger capacity (10).

Lipopolysaccharide (LPS)-induced endotoxemia
is a well-established model for infection with Gram-
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negative bacteria. By acting on Toll-like receptor 4 (TLR4)
on immune cells such as monocytes, macrophages,
neutrophils and dendritic cells, LPS triggers synthesis
and release of proinflammatory cytokines and nitric
oxide both in the periphery and central nervous system,
resulting in peripheral and neuroinflammation (//,12).
Since neuroinflammation and oxidative stress are
important contributors to the pathogenesis and disease
progression of some neurodegenerative disorders,
including Alzheimer's disease and Parkinson's disease
(13,14), LPS-endotoxemia represents a useful model for
studying the effect of systemic inflammation on brain
function (/5).

The present study was therefore designed to
investigate the effects of MPFF on oxidative stress in
brain and liver of rats subjected to endotoxemia and
systemic inflammation caused by Escherichia coli LPS
injection. In addition, this study aimed to investigate
whether treatment of LPS-rats with MPFF would protect
against endotoxemic liver injury.

2. Materials and Methods
2.1. Animals

Sprague-Dawley rats of both sexes, weighing 120-130
g were used throughout the experiments and fed with
standard laboratory chow and water ad libitum. All
animal procedures were performed in accordance with the
Institutional Ethics Committee and in accordance with the
recommendations for the proper care and use of laboratory
animals (NIH publication No. 85-23, revised 1985).

2.2. Drugs and chemicals

A purified lyophilized E. coli endotoxin (Serotype 055:BS,
Sigma, St Louis, MO, USA) was used and dissolved in
sterile saline, aliquoted, and frozen at —20°C. MPFF,
(Daflon”, Servier, Paris, France) consisting of 90% diosmin
and 10% hesperidin, was dissolved in isotonic (0.9% NaCl)
saline solution immediately before use. The doses of MPFF
were based upon the human dose after conversion to that
of the rat according to Paget and Barnes (/6) conversion
tables.

2.3. Study design

Rats were randomly divided into 5 equal groups (6 rats
each). Rats were treated with vehicle (group 1) or MPFF (4.5,
9, or 18 mg/kg) once daily orally for 2 days prior to and at
the time of endotoxin administration (LPS: 300 pg/kg, i.p.).
The fifth group (n = 6) received only the vehicle (control).
Four hours after LPS or vehicle injection, blood samples
were obtained from the retro-orbital venous plexus under
ether anesthesia. Rats were then euthanized by decapitation
under ether anesthesia, livers and brains were then removed,
and washed with ice-cold phosphate buffered saline (PBS,

pH7.4), and parts of the tissues were preserved in formalin
10% for further histopathological and immunohistochemical
examination. Other parts were weighed and stored at —80°C
for biochemical analyses. The tissues were homogenized with
0.1 M phosphate buffered saline at pH 7.4, to give a final
concentration of 10% (w/v) for the biochemical assays. The
time selected for tissue sampling (4 h after i.p. administration
of LPS) was based on previous studies that indicated the rise
in plasma and tissue cytokines and inflammatory mediators
(interleukin (IL)-1B, IL-6, tumor necrosis factor (TNF)-a,
inducible nitric oxide synthase (iNOS) mRNA expression,
nitric oxide, and myeloperoxidase activity) in rats receiving
i.p. LPS by that time (17,18).

2.4. Determination of lipid peroxidation

Lipid peroxidation was assayed by measuring the level
of malondialdehyde (MDA) in the tissue homogenates.
Malondialdehyde was determined by measuring
thiobarbituric reactive species using the method of Ruiz-
Larrea et al. (19), in which the thiobarbituric acid reactive
substances react with thiobarbituric acid to produce a red
colored complex having a peak absorbance at 532 nm
(UV-VI8 Recording Spectrophotometer, Shimadzu, Kyto,
Japan).

2.5. Determination of reduced glutathione

Reduced glutathione (GSH) was determined in tissue
by Ellman's method (20). The procedure is based on
the reduction of Ellman's reagent by —SH groups of
GSH to form 2-nitro-5-mercaptobenzoic acid, the
nitromercaptobenzoic acid anion has an intense yellow
color which can be determined spectrophotometrically.

2.6. Determination of nitric oxide

Nitric oxide measured as nitrite was determined by using
Griess reagent, according to the method of Moshage et al.
(21), where nitrite, stable end product of the nitric oxide
radical, is mostly used as an indicator for the production
of nitric oxide.

2.77. Determination of paraoxonase activity

Arylesterase activity of paraoxonase was measured
spectrophotometrically in serum following the procedure
described by Higashino et al. (22) and Watson et al. (23)
using phenyl acetate (Sigma) as substrate.

2.8. Determination of serum liver enzymes

The activities of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) enzymes, indicators
of liver damage, were measured in serum according
to the Reitman-Frankel colorimetric transaminase
procedure (24), whereas colorimetric determination of
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alkaline phosphatase (ALP) activity was done according
to the method of Belfield and Goldberg (25), using
commercially available kits (BioMérieux, France).

2.9. Histological assessment of liver injury

Liver sections from each rat were fixed in freshly prepared
10% neutral buffered formalin, processed routinely, and
embedded in paraffin. Five pum thick paraffin sections
were prepared and stained with hematoxylin and eosin
(H&E) for histopathological examination. Sections were
examined using a light microscope.

2.10. Immunohistochemical assessment of liver injury

Immunohistochemical staining of anti-caspase-3 antibody
and iNOS was performed with streptavidin-biotin. Sections
of four um thick were deparaffinized and incubated with
fresh 0.3% hydrogen peroxide in methanol for 30 min at
room temperature. The specimens were then incubated with
anti-caspase-3 and iNOS antibody as the primer antibody
at a 1:100 dilution. The specimens were counterstained
with H&E. Negative controls were prepared by substituting
normal mouse serum for each primary antibody.

2.11. Statistical analysis

Data are expressed as mean + SE. Statistical analysis
of the data was done using one way ANOVA followed
by the Duncan test for multiple group comparison tests,
using SPSS software (SAS Institute Inc., Cary, NC, USA).
Probability levels of p < 0.05 were considered statistically
significant.

3. Results
3.1. Biochemical results
3.1.1. Effect of MPFF on brain oxidative stress

The administration of LPS significantly increased brain
MDA by 193.4% (91.6 = 3.4 vs. 31.2 £2.2 nmol/g, p <
0.05). GSH decreased by 73.8% (0.896 + 0.03 vs. 3.42
+ (0.18 umol/g, p < 0.05), while nitric oxide (the level
of nitrite) increased by 118.2% (48.0 £ 2.7 vs. 22.0+ 1.0
umol/g, p < 0.05) after LPS injection compared with
the saline control group. Brain MDA was significantly
decreased by 21.7, 27.5, and 34% after MPFF at 4.5,
9, or 18 mg/kg, respectively (71.7 + 3.1, 66.4 £ 4.2,
and 60.4 + 3.9 vs. 91.6 + 3.4 nmol/g, p < 0.05) (Figure
1A). The administration of MPFF at 9 and 18 mg/kg
resulted in a 27.2 and 73.1% increase in GSH (1.14
+ (0.08 and 1.56 + 0.06 vs. 0.896 + 0.03 umol/g, p <
0.05) (Figure 1B). The level of nitric oxide decreased
by 25.5 and 41.0% after MPFF at 9 and18 mg/kg (38.1
+ 2.1 and 28.3 + 1.4 vs. 48.0 = 2.7 umol/g, p < 0.05)
(Figure 1C).

3.1.2. Effect of MPFF on liver oxidative stress

Liver MDA was increased significantly by 191.8%
following endotoxin injection (151.2 + 6.4 vs. 51.8 +
2.5 nmol/g, p < 0.05). A significant decrease in GSH by
70.8% (1.05 + 0.06 vs. 3.6 + 0.18 pmol/g, p < 0.05) as
well as markedly raised nitric oxide (40.3 £2.2 vs. 16.0 £
1.3 umol/g, p < 0.05) were observed after LPS treatment.
The administration of MPFF at 9 and 18 mg/kg resulted
in a significant decrease in liver MDA by 16.4 and 59.7%
compared to the LPS control group (122.1 = 4.1 and 60.9
+ 3.8 vs. 151.2 + 6.4 nmol/g, p < 0.05) (Figure 2A). There
was a dose-dependent increase in liver GSH by 15.2, 43.8,

100 * A

Brain MDA (nmol/g tissue)

Brain GSH (pmol/g tissue)

Brain nitric oxide (pmol/g tissue)

Figure 1. Effect of MPFF on LPS-induced changes in
brain MDA (A), GSH (B), and nitric oxide (C). Data are
expressed as mean = SE, n = 6. * p < 0.05 versus saline
control; + p < 0.05 versus LPS (one-way analysis of variance
and Duncan multiple range test).
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and 70.5% (1.21 £ 0.03, 1.51 £ 0.08, and 1.79 £ 0.06 vs.
1.05 £ 0.06 umol/g, p < 0.05) as well as a dose-dependent
decrease in nitrite by 54.7, 55.3, and 56.7% (18.2 + 1.0,
18.0 +£ 1.2, and 16.5 £ 0.9 vs. 40.3 £ 2.2 umol/g, p <
0.05) after treatment with MPFF at 4.5, 9, or 18 mg/kg,
respectively (Figure 2C).

3.1.3. Effect of MPFF on serum liver enzymes

In rats treated with only LPS, the levels of ALT, AST,
and ALP in plasma were markedly raised by 93.6% (36.6
+2.0vs. 189+ 1.2 U/L), 101.8% (123.1 £7.2 vs. 61.0
+ 3.4 U/L) and 223.2% (446.0 £ 12.8 vs. 138 £ 6.9 U/L),
respectively. Significant reduction in serum AST, ALT,
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Figure 2. Effect of MPFF on LPS-induced changes in
liver MDA (A), GSH (B), and nitric oxide (C). Data are
expressed as mean + SE, n = 6. * p < 0.05 versus saline
control and between different groups as indicated in the
figure; + p < 0.05 versus LPS (one-way analysis of variance
and Duncan multiple range test).

and ALP were observed in rats treated with MPFF. Thus,
ALT decreased by 17.2, 33.9, and 45.3% after treatment
with MPFF at 4.5, 9, or 18 mg/kg, respectively; AST
decreased by 17 and 20% by MPFF at 9 or 18 mg/kg,
respectively; ALP decreased by 29.1, 37.8, and 44% by
MPFF at 4.5, 9, or 18 mg/kg, respectively (Figures 3).

3.1.4. Effect of MPFF on serum paraoxonase 1 (PONI)
activity

Serum PONI1 activity decreased by 42.6% following
endotoxin administration (83.8 = 4.6 vs. 146.1 + 7.8
kU/L, p < 0.05). The administration of MPFF resulted
in a significant and a dose-related increase in PON1

Serum ALT (U/L)

Serum AST (U/L)

Serum ALP (U/L)
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Figure 3. Effect of MPFF on LPS-induced elevation in
serum ALT (A); AST (B), and ALP (C). Data are expressed
as mean + SE, n = 6. * p < 0.05 versus saline control and
between different groups as indicated in the figure; + p <
0.05 versus LPS (one-way analysis of variance and Duncan
multiple range test).
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activity in serum by 41, 56.7, and 65.9% (118.2 £ 6.0,
131.3 £ 5.1, and 139.1 £ 4.8 vs. 83.8 £ 4.8 kU/L, p <
0.05) after treatment with MPFF at 4.5, 9, or 18 mg/kg,
respectively (Figure 4).

3.2. Histopathological results

The liver of the control (saline-treated) rats showed
normal hepatic architecture with distinct hepatic
cells, sinusoidal spaces and a central vein (Figure
5A). Examination of liver sections from LPS-treated
rats revealed inflammatory leukocytic cell infiltration
around the central vein, and hydropic degeneration
with pykontic nuclei (Figure 5B). Focal necrotic areas
with inflammatory cell reaction, sinusoidal dilation
and activated Kupffer cells were seen (Figure 5C). The
administration of MPFF resulted in a significant decrease
in liver inflammation and necrosis compared to the LPS
control group. The effect was dose-dependent. Thus,
liver sections of rats treated with LPS and MPFF at 4.5
mg/kg showed apparently normal tissues with congestion
of the central vein and dilation of sinusoids. Minimal
focal necrotic areas were also visible (Figure 5D). After
treatment with MPFF at 9 mg/kg, sections revealed
apparently normal tissues with a mildly congested central
hepatic vein and some of the sinusoids. Focal necrotic
areas were not seen (Figure SE). Liver sections of rats
treated with LPS and MPFF at 18 mg/kg showed almost
normal liver with very mild dilation of sinusoids and
no congestion. The nuclei were normal indicating the
recovery of the liver tissues (Figure 5F).

3.3. Immunohistochemical results
3.3.1. Caspase-3 expression

Expression of caspase-3 was not observed in control
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Figure 4. Effect of MPFF on serum PON1 activity in LPS-
treated rats. Data are expressed as mean + SE, n = 6.* p <
0.05 versus saline control; + p < 0.05 versus LPS (one-way
analysis of variance and Duncan multiple range test).

liver (Figure 6A). By comparison, strong expression
of caspase-3 was observed in the LPS control group
as shown in Figure 6B and gradually decreased in rats
treated with MPFF in a dose-dependent manner as
shown in Figures 6C-6E.

3.3.2. iNOS expression

In the liver tissue of control rats there was a weakly
localized iNOS immunohistochemical staining (Figure
7A). In rats treated with LPS, a much more intense
expression of iNOS was detected in the hepatocytes of the
centrilobular zone in the surface of hepatocytes. A number
of hepatocyte nuclei showed iNOS immunoreaction (Figure
7B). In hepatocytes of rats treated with LPS and MPFF,
iNOS immunoreactivity showed a dose-dependent decrease
compared with the LPS control group (Figures 7C-7E).

4. Discussion

The results of the present study indicate that
pretreatment with MPFF was able to ameliorate brain

Figure 5. H&E stained liver sections from: (A) control
(saline-treated) rat showing central vein (CV), hepatic cells
(H), sinusoidal space (S), and nucleus (N); (B) LPS-treated
rat showing inflammatory leukocytic cell infiltration around
central vein (arrow), sinusoidal dilation (S), and pyknotic
nuclei (PK); (C) LPS-treated rat showing focal necrotic
area (arrow) with inflammatory cell reaction (arrow head),
congestion and sinusoidal dilation (S), activated Kupffer cell
(K) and pyknotic cells; (D) LPS + MPFF 4.5 mg/kg-treated rat
showing severly congested hepatic central vein and focal area
of mild mononuclear cells; (E) LPS + MPFF 9 mg/kg-treated
rat showing moderately normal tissue with mildly congested
central hepatic vein and some of the sinusoids. Focal necrotic
areas were not visible; (F) LPS + MPFF 18 mg/kg-treated
rat showing almost normal liver with very mild dilation of
sinusoids and no congestion. The nuclei were normal indicating
the recovery of the liver tissues (H&E, x400).
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Figure 6. Effect of MPFF on LPS-induced caspase-3
expression in liver: caspase-3 immunohistochemistry of
liver from a rat treated with (A) saline (control): caspase-3-
immunolabeled cells were rarely present; (B) only LPS: an
increased number of caspase-3 immunolabeled hepatocytes were
observed around central veins compared to control animals,
suggesting increased apoptosis; (C) LPS + MPFF 4.5 mg/kg:
caspase-3-immunolabeled cells were slightly decreased compared
to LPS control group; (D) LPS + MPFF 9 mg/kg: caspase-
3-immunolabeled cells were slightly decreased compared to
LPS control group; (E) LPS + MPFF 18 mg/kg: caspase-3-
immunolabeled cells were obviously decreased compared to LPS
control group (caspase-3 immune staining, x400).

and liver oxidative stress induced by the intraperitoneal
administration of LPS. The drug lessened the elevation
in MDA, a marker of increased oxidative stress, which
indicates a free radical attack on polyunsaturated fatty
acids of biological membranes (26). The increase in nitric
oxide in response to LPS was also decreased by treatment
with MPFF. Nitric oxide generated by the inducible form
of nitric oxide synthase (iNOS) is most often associated
with inflammatory conditions in which it is produced
in large amounts by monocyte/macrophage lineage cell
types. The induction of NOS has been demonstrated in
response to a number of stimuli including LPS, IL-1,
and TNF-a (27). Glutathione is an intracellular tripeptide
(y-glutamyl-cysteinyl-glycine) common in all tissues and
is the most important thiol antioxidant in the cell (28).
The administration of LPS endotoxin was associated
with decreased levels of GSH in the brain and liver.
This decline in GSH decreased following treatment with
MPEFF. Collectively, these data suggest a beneficial effect
for MPFF during systemic inflammatory illness.

Studies have indicated that the brain is affected during
systemic inflammation. Thus, peripheral inflammation
induced by intraperitoneal LPS injection produces brain
inflammation and oxidative injury (/5). This is also
evident in the present study which shows increased

Figure 7. Effect of MPFF on LPS-induced iNOS protein
expression in liver: iNOS immunohistochemistry of
liver from a rat treated with (A) saline (control): iNOS-
immunolabeled cells were weakly present in the liver of
control rats; (B) only LPS: a marked increased number of
iNOS immunolabeled hepatocytes was observed around
central veins compared to normal animals; (C) LPS + MPFF
4.5 mg/kg: iNOS immunolabeled cells were slightly decreased
compared to LPS control group; (D) LPS + MPFF 9 mg/kg:
iNOS immunolabeled cells were slightly decreased compared
to LPS control group; (E) LPS + MPFF 18 mg/kg: iNOS
immunolabeled cells were markedly decreased compared to
LPS control group (iNOS immune staining, x400).

brain MDA and nitrite levels after LPS. Inflammatory
cytokines e.g., IL-1, IL-6, and TNF-a secreted by
peripheral innate immune cells during endotoxemia,
use neural (29) and blood brain barrier pathways (30)
to relay inflammatory signals to the brain resulting in
activation of macrophages and microglia to produce
cytokines and free radicals. Such events can induce
neuronal dysfunction/degeneration (/5,37). Studies
also suggested that peripheral inflammatory stimuli can
aggravate underlying brain pathology e.g., exacerbate
brain ischemic injury (37) and facilitate microtubule-
associated protein (tau) phosphorylation, one of the key
pathologies in the brain of patients with Alzheimer's
disease (32). There is also ample evidence suggesting
that increased levels of oxidative stress in brain is
linked with aging (33) and with development of several
neurodegenerative diseases e.g., Parkinson's disease,
Alzheimer's disease (/3), and multiple sclerosis (34) as
well as in psychiatric diseases e.g., schizophrenia (335).
Drugs that cause reduction in oxidative damage therefore
represent an important therapeutic strategy to slow or
halt these disease processes and hence, emphasize the
importance of the findings of the present study.

In the present study, the administration of LPS was
associated with liver damage. A significant rise in serum
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hepatocellular enzymes ALT and AST as well as of the
cell wall enzyme ALP was observed. Histologically,
focal necrotic areas, inflammatory cell infiltration
and hydropic degeneration were seen. Pretreatment
of LPS-rats with MPFF significantly attenuated this
liver dysfunction. The release of liver enzymes into
the circulation was decreased by the drug in a dose-
dependent manner and the histological degree of hepatic
injury due to endotoxemia was markedly improved
by pretreatment with MPFF. Studies have indicated
increased iNOS mRNA expression in several organs
(18,36,37) 4 h after i.p. administration of LPS. In the
present study, iNOS inmmunoreactivity in the liver
increased after LPS where an intense expression of iNOS
was detected in the hepatocytes of the centrilobular zone
in the surface of hepatocytes. iNOS immunolabeled
cells were markedly decreased by the higher dose of
MPFF. Caspases are involved in the process of apoptosis
or programmed cell death. Caspase-3 is a frequently
activated death protease, which disassembles the cell
by catalyzing the specific cleavage of many key cellular
proteins leading to rapid cell death (38). In the present
study apoptosis was assessed in liver sections using
antibodies that specifically recognize activated caspase-3
(39). Increased immunoreactivity of caspase-3 was
observed in the cytoplasm of the hepatocytes following
LPS challenge. This decreased after pretreatment with
MPFF, thereby, indicating decreased apoptosis by the
drug. These data clearly indicate hepatic protective
effects for MPFF against the deleterious effects of
systemic endotoxemia.

The present study also showed that pretreatment
with MPFF protected against the decline in serum
PONI induced by endotoxemia. PON1 is a calcium-
dependent serum esterase that is synthesized by the
liver and released into the circulation, where it binds
mainly to high-density lipoproteins and is thought to
play an important role in the protection of low-density
lipoprotein against oxidative modification (23). PON1
also plays an important role in the metabolism of many
xenobiotic compounds (40). The enzyme is likely to
serve an antioxidant function and PONI1 activity has
been shown to be decreased in several pathologic
states such as rheumatoid arthritis (4/), coronary heart
disease (42), chronic hepatitis, liver cirrhosis (43), and
multiple sclerosis in relapse (44). In the present study
serum PONI1 activity decreased following endotoxin
administration. In their study, Feingold et al. (45)
observed decreased serum PON1 activity within 24 h
following LPS treatment and at doses as low as 100
ng/kg. LPS also induced a marked decrease in PON1
mRNA in the liver as early as 4 h after a single LPS
treatment. Paraoxonase might also represent an early
defense mechanism against elevated levels of oxidative
stress (46). In the present study, the administration of
MPFF was associated with a dose-dependent increase
of PONI activity in the serum of LPS-treated rats. This

PONI response is likely to reflect reduction of oxidative
stress by MPFF with sparing of the enzyme.

MPFF is a vasotonic drug that is widely used to
improve disorders of venous or lymphatic origin (2,3).
The drug is safe with no or minor side effects being
reported (47). MPFF owes its beneficial effects to the
ability of its content of different flavonoids to decrease
leukocytic infiltration and adhesion to the vascular
endothelium, resulting in reduced levels of proteolytic
enzymes, and decreased microvascular permeability (7).
The drug possesses antioxidant effects as well (9,70).
The present study shows that the administration of MPFF
is associated with hepatic protective effects. The present
study is also the first to demonstrate the inhibitory effect
of MPFF pretreatment on the brain oxidative stress in an
in vivo model of systemic inflammation induced by LPS
endotoxin. These findings derive their significance from
the evidence that oxidative stress and neuroinflammation
are important contributors in the pathogenesis of several
neurodegenerative disorders. Oxidative stress also
contributes to age-associated neurodegeneration. Orally
administered MPFF, therefore, might be a useful adjunct
in the treatment of these disorders.
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ABSTRACT: Human osteosarcoma cell line SaOS-2
is an osteoblastic cell model that contains factors like
bone morphogenetic proteins necessary for initiating
bone formation. The cell line also expresses high
levels of osteoinductive activity. In contrast to highly
complicated and expensive ways to identify, purify, and
separate specific bone-inducing agents from SaOS-2
cells, lysate can be used as an alternative to isolated
bone-stimulating factors. Lysates of SaOS-2 stimulate
the activity of the alkaline phosphatase of human
osteoblastic cells HOS 58 in vitro. In other words, they
probably possess osteoinductive activity. Different
serial concentrations of substances like dexamethasone
and insulin were tested with and without a lysate of
Sa0S-2 cells to assay their synergistic action. Results
showed that a lysate of the SaOS-2 cell line acts as
a synergistic agent and increases the osteoinductive
activity of known bone-inducing agents. SaOS-2
cell lysate could be used in the future as a clinical
agent to promote bone repair and possibly enhance
osteointegration. Using SaOS-2 total cellular extract
offers the possibility of lowering the effective dose of
other bone-inducing agents.

Keywords: Osteoinduction, bone alkaline phosphatase,
Sa0S-2 cell lysate, osteointegration, human osteosarcoma
cells HOS 58, bone morphogenetic proteins, tissue-
engineered bone

1. Introduction

The loss of bone tissue can occur through infection,
loss of blood supply, diseases such as osteoporosis, or
as a complication of a fracture or genetic disorders, e.g.
osteogenesis imperfecta. Current management of bone
defects includes tissue replacement with transplanted
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autografts or allografts or synthetic devices. However,
each of these therapies has its own serious risks and
constraints. Harvesting autografts, typically from the
iliac crest, is constrained by anatomical limitations and
associated with donor-site morbidity (/). The problems and
risks associated with the use of allografts include not only
disease transmission but also the risk of tissue rejection. In
addition, the loss of osteoinductive factors during allograft
processing may impact tissue quality. A synthetic prosthesis
such as bone cement and metal, e.g. titanium and its alloys
or stainless steel, often results in insufficient osseous
integration and stress-shielding of the surrounding bone
or fatigue failure of the implant (/). These shortcomings
highlight the need for greater use and further study of bone-
inducing agents to increase the osteogenic character of
tissue-engineered bone.

Bone alkaline phosphatase (ALP) is located on the
surface of osteoblasts and is thought to play a major
role in bone formation and mineralization. Its levels are
considered to reflect osteoblastic activity (2). Bone ALP
levels can therefore be used as a biochemical marker
to assess metabolic bone diseases (e.g. osteoporosis),
bone disorders as a late complication of diabetes, and
even bone metastasis. Moreover, bone morphogenetic
proteins (BMPs), which are members of the transforming
growth factor (TGF)-B superfamily (3-6), appear to play
an important role in the initiation of osteogenesis during
development (7-70) and in bone repair (6,11-14).

Human osteosarcoma cell line SaOS-2 is an
osteoblastic cell model that expresses high levels of tissue
ALP activity (15). According to reports, its lysate should
have osteoinductive activity (/6,17). SaOS-2 cells may
be osteoinductive because they contain several BMPs
including BMP-1, 2, 3, 4, and 6, any or all of which may
support bone induction (/8,79). These cells apparently
produce factors necessary for initiating bone formation.

The current study sought to investigate the effect of
lysate from SaOS-2 cells alone and in combination with
other bone-enhancing agents on the ALP activity of the
HOS 58 cell line. This investigation should pave the way
for more pharmacological, toxicological, and medical
studies of this cell lysate to allow its use in medicine as a
drug additive.
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2. Materials and Methods
2.1. Materials

Cell culture plastics, fetal bovine serum (FBS), phosphate
-buffered saline (PBS), L-glutamine, trypsine, and
antibiotics were purchased from Biochrom KG (Berlin,
Germany). Bovine serum albumin (BSA; fraction V)
and Iscove's modified Dulbecco's medium (IMDM) with
or without phenol red were purchased from Invitrogen
(Karlsruhe, Germany). All other reagents were obtained
from Sigma (Deisenhofen, Germany). HOS 58 cells were
donated by A. Battmann (University of Giessen, Institute
of Pathology, Germany). SaOS-2 cells were purchased
from DSZM (Braunschweig, Germany).

2.2. Cell lines and culture

Both the HOS 58 cell line and SaOS-2 cell line were
grown as a monolayer in IMDM with 10% FBS, 2 mM
L-glutamine, and 1% penicillin-streptomycin solution
(penicillin 10,000 IE/mL; streptomycin 10,000 pg/mL).
Both cell lines were grown in 95% humidity and 5% CO,
at 37°C and routinely sub-cultured.

2.3. Preparation of SaOS-2 lysate

To prepare a cell lysate, cells were washed with 3 x 10 mL
phosphate buffer and scraped from the surface of tissue
culture flasks using a cell scraper. Approximately 2.5 x 10°
cells were freeze-dried and suspended in 50 mL extraction
buffer consisting of 0.1 M Tris-HCI buffer (pH 8.0). Cells
were then incubated with gentle stirring for 1 h at room
temperature and centrifuged at 4,000 rpm for 15 min to
remove cellular debris. The resulting supernatant served as
a stock solution (5 x 10° cells/mL).

2.4. Standardization of the ALP activity of SaOS-2 cell
lysate

The crude lysate was standardized based on its ALP
activity. Crude ALP activity was determined by the release
of 4-nitrophenol (4-NP) from 4-nitrophenyl phosphate
(4-NPP, see Section 2.8).

2.5. Assay of bone-inducing activity

For assays, HOS 58 cells were grown to confluence in
96-well plates for 48 h. After they were washed twice with
PBS, medium was changed to IMDM without phenol red
supplemented with 0.05% BSA, 2 mM L-glutamine, and
1% antibiotics (assay medium). Different concentrations of
crude SaOS-2 cell lysate in assay medium were prepared
using a stock solution (5 x 10° cells/mL in PBS). The final
PBS concentration did not exceed 0.05%. Different serial
concentrations of substances like dexamethasone (Dexa)
and insulin were used with and without 20 pL of a stock

(5 x 10° cells/mL in PBS) crude extract of SaOs-2 cells
to assay their synergistic action. Further procedures are
indicated below.

2.6. Cell disruption

Cultivated HOS 58 cells were washed with PBS and
disrupted by adding 100 puL of 0.1% Triton X-100 in 0.1
M Tris-HCI, pH 9.8 (lysis buffer) followed by freeze/
thawing and vigorous mixing. The resulting suspension
was centrifuged and the supernatant (cell lysate) was
assayed for its protein content and ALP activity.

2.7. Determination of total cellular protein

Total cellular protein was determined using Roti-
Nanoquant reagent (Roth GmbH, Karlsruhe, Germany),
a modified Bradford method, according to the
manufacturer's instructions (20). Briefly, 10 pL cell lysate
was diluted with PBS (1:4) in a microtiter plate. Roti-
Nanoquant (200 pL) reagent was added and mixed, and
the OD was read out at 405 and 620 nm (Anthos Labtec,
Salzburg, Austria). The total protein content was calculated
from a standard curve using BSA.

2.8. ALP activity

Cellular ALP activity was determined by the release of
4-NP from 4-NPP. An aliquot of cell lysate was mixed
with 0.2 M amino propanol buffer (pH 9.8, AMP) and 24
mM 4-NPP in AMP. After incubation (37°C), the reaction
was stopped with 0.5 M NaOH (50 pL) and the OD was
read out at 405 nm. The concentration was calculated from
a calibration curve for 4-NP.

2.9. Cell vitality and cell proliferation assays (MTT assay)

The MTT assay was used to measure the cell
proliferation rate and cell viability. HOS 58 cells (see
Section 2.2) were incubated with different concentrations
of normalized SaOS-2 cell lysate (0.9-1.1 U/mL —
0.007-0.008 U/mL) for 43 h. After cells were washed,
20 uL MTT in IMDM (5 mg/mL, Sigma, Deisenhofen,
Germany) was added to each well. Plates were incubated
at 37°C in 95% humidity and 5% CO, for another 5 h.
Finally, the MTT solution was removed and crystals
were dissolved in 200 pL DMSO. After thorough
mixing, plates were incubated for 5 min and absorbance
was measured at 590 nm. Cell viability was calculated as
a percent of vehicle control (27,22).

2.10. Statistical analysis

For each experiment, three independent experiments were
carried out and results were expressed as mean + SD.
Statistical differences were analyzed using single-tailed
ANOVA. A p values < 0.05 was considered significant.
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3. Results and Discussion
3.1. Extraction of SaOS-2 cells

The SaOS-2 cell line was established in culture in 1975
(16). These cells produce a large amount of ALP but
little or no matrix in vitro and are unable to grow when
transplanted into athymic mice. SaOS-2 cells contain
several BMPs including BMP-1, 2, 3, 4, 6, and 7, any
or all of which may support bone induction (/8,19).
Moreover, BMPs, which are members of the TGF-f§
super family (3-6), appear to play an important role in the
initiation of osteogenesis during development (7) and in
bone repair (6,11-14).

An important question with respect to bone repair
or bone tissue engineering is whether a combination of
BMPs will be more cost-effective in clinical practice
than a single recombinant BMP. Although individual
BMPs, and especially recombinant BMP-2 (23,24) or
recombinant BMP-7 (25), have been used to successfully
accelerate bone regeneration in large defects, the required
concentration of a specific recombinant BMP is up to
1,000-fold higher than that of the native BMP complex (4).
The combination of several BMPs and other factors might
be more cost-effective at enhancing new bone formation
than individual recombinant human BMPs. Thus, a total
cellular extract of SaOS-2 cells was tested for its bone-
inducing ability. The cellular extract was standardized
based on its ALP activity.

Cultivation of 10° Sa0S-2 cells consistently yielded
approximately 1 U of bone tissue ALP crude lysate
(cALP) (Figure 1 and Table 1), given that one unit (U) of
ALP activity is the quantity of enzyme that catalyzes the
hydrolysis of 1 pmol substrate in 1 min. Results show that
the residual activity of ALP in the crude lysate of SaOS-2
cells (freeze-dried/thawing) was 10.1 U/mL (Figure 1
and Table 1), which was equivalent to the level reported
previously (/8). In comparison to bone ALP made from

140 4
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Figure 1. Quantification of the ALP activity in a crude
extract of SaOS-2 cells.

Table 1. ALP activity from a crude extract of SaOS-2 cells

human bone, the specific activity would be 500 times
greater because SaOS-2 cells contain 40-50 times more
ALP activity than TE-85 cells (8,26).

3.2. Effect of SaOS-2 lysate on the ALP activity and
total protein content of HOS 58 cells

ALP activity is commonly used as an indicator of
osteoblastic cell maturation. The enzyme is considered
to mark the middle stage of bone formation and
generally appears during the matrix maturation phase. It
plays an unclear but crucial role in matrix mineralization
(2). Figure 2 clearly shows a significant increase (p
< 0.01) in the level of ALP activity of HOS 58 cells
to almost 200% in the presence of a crude extract of
Sa0S-2 cells (0.1 U/mL ALP).

Figure 3 shows that the SaOS-2 cell lysate in
concentrations up 10 U/mL did not affect protein
production by HOS 58 cells. Above that concentration,
protein production drops, reaching only 80% of that
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Figure 2. Effect of SaOS-2 cell lysate (normalized to 0.1
U/mL ALP) on the ALP activity of HOS 58 cells.
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Figure 3. Effect of different concentrations of an extract of
Sa0S-2 cells on the total protein activity of HOS 58 cells. No
significant toxicity was observed up to 10 unit/mL, suggesting
that the cells continued to be viable in the experimental
setup. Three independent experiments were performed.

Working solution volume (mL)

Cell number/mL of working solution

ALP (U/mL) Average protein (mg/mL)

Crude extract 49

0.9-1.1 x 10° 10.1 1.86
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Figure 4. Synergistic effect of SaOS-2 cell lysate
(normalized to 0.1 U/mL ALP) with B-glycerol phosphate
on the ALP activity of HOS 58 cells. * p <0.05, ** p <0.01.

of the vehicle control (data not shown). Because
cytotoxicity is lacking, cell maturation must have been
stimulated. Had it not, extracellular matrix (ECM)
production would have decreased and thus the protein
content of the cell (and matrix) lysate would have
decreased. No increase in cellular protein was noted
at any of the concentrations tested. This corroborates
the contention that SaOS-2 cell lysate promotes cell
maturation and reduces cell proliferation and ECM
production.

3.3. Synergistic effect with p-glycerol phosphate

Figure 4 clearly shows a significant increase (p < 0.01,
vs. vehicle control) in the level of cellular ALP activity
of HOS 58 cells to almost 130% at a 2 mM B-glycerol
phosphate (bGP) concentration alone. Synergistic use
of Sa0S-2 cell lysate (normalized to 0.1 U/mL ALP)
respectively increased ALP activity to 210%, 225%, and
280% with 0.02, 0.2, and 2 mM bGP (+ 0.1 U cALP).

The most rational explanation for the observed
synergistic action of bGP with SaOS-2 extract is that
bGP hydrolyzed to glycerol and inorganic phosphate
ions (Pi). Glycerol inhibits cell proliferation (27), so
bone-inducing agents from SaOS-2 extracts accelerate
cell maturation and lead to increased ALP activity. The
hydrolysis of bGP also leads to a greater concentration
of inorganic Pi in the culture medium, which may
react with more BMPs from the SaOS-2 extract
(phosphorylation) and result in increased formation
of phosphoproteins (28,29). These phosphoproteins
increase bone-inducing activity.

3.4. Synergistic effect with Dexa

The ALP activity of HOS 58 cells increased with greater
Dexa concentrations from 10> M to 10 * M. Higher
concentrations (from 10”7 M to 10~ M) led to decrease
in ALP activity. Figure 5 shows that synergistic use of
Sa0S-2 cell lysate (normalized to 0.1 U/mL ALP) and
Dexa respectively increased ALP activity from 102%,
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Figure 5. Synergistic effect of SaOS-2 cell lysate
(normalized to 0.1 U/mL ALP) with Dexa on ALP activity
of HOS 58 cells. * p <0.05, **p <0.01.

144%, and 77% with 102 M, 10° M, and 10 M Dexa
to 178%, 223%, and 147% with 10> M, 10 M, and 10~
M of Dexa plus SaOS-2 cell lysate.

Results show that Dexa and the SaOS-2 cell extract
act synergistically on ALP activity. Dexa concentrations
that decrease ALP activity have less impact when
combined with the SaOS-2 cell extract. Concentrations
of Dexa that increase ALP activity further increase ALP
activity when combined with the SaOS-2 cell extract.

Given these findings, lower concentrations of
Dexa appear to stimulate the proliferative activity
of bone-like cell cultures and increase the number
of osteoblastic cells in culture. Osteoblastic cells in
the presence of excessive amounts of BMPs from an
SaOS-2 extract promote early maturation of cells and
therefore cause an increase in ALP activity. In addition,
higher concentrations of Dexa appear to inhibit cell
proliferation and reduce the number of osteoblastic
cells, thus decreasing ALP activity.

Prolonged physiological levels of Dexa are clearly
associated with deleterious effects on the skeleton
and are a major cause of osteoporosis (30,37). One
advantage of the synergistic effect of Dexa and an
Sa0S-2 cell extract would be that lower concentrations
of Dexa could be used to avoid prolonged exposure and
avoid its negative impact on bones.

3.5. Synergistic effect with insulin

Figure 6 clearly shows a significant increase (p <
0.01, vs. vehicle control) in the level of ALP activity
of HOS 58 human cells to almost 190% at an insulin
concentration of 20 ug/mL. ALP activity is affected
by the insulin concentration and respectively increased
to 120%, 155%, and 190% with 0.2, 2, and 20 pg/mL
insulin. Synergistic use of SaOS-2 cell lysate (normalized
to 0.1 U/mL ALP) respectively increased ALP activity
to 190%, 205%, and 260% with 0.02, 0.2, and 2 mM
insulin (+ 0.1 U cALP).

Synergistic action with insulin may be because
insulin, like insulin-like growth factor (IGF)-I, increases
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Figure 6. Synergistic effect of SaOS-2 cell lysate
(normalized to 0.1 U/mL ALP) with insulin on ALP
activity of HOS 58 cells. * p < 0.05, **p < 0.01.

cell proliferation. The combinations of IGF and TGF-f,
IGF and platelet-derived growth factor (PDGF), and
PDGF and TGF-B enhance murine osteoblast activity and
proliferation (32). As mentioned earlier, BMPs in SaOS-2
extract caused early maturation of an increased number of
osteoblastic cells, changing their phase of differentiation
phase and causing ALP to accumulate in cell culture.

4. Conclusion

In conclusion, SaOS-2 lysate increases the ALP activity
of human osteoblastic cells in vitro, presumably
indicating that it has bone-inducing activity. SaOS-2
lysate may have the potential to serve as a clinical
agent to promote bone repair and possibly enhance
osteointegration. Evidence is not clear as to whether a
single factor is responsible for SaOS-2 osteoinductivity.
The mechanism of osteoinductivity seems to be
multifactorial, so a total lysate of SaOS-2 cells may be
better than isolated compounds. The mechanism of its
activity (both in vitro and in vivo), its possible toxicity,
its chemical composition, and its standardized quality
must be studied further.
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ABSTRACT: Naringenin and eriodictyol are chiral
flavanones widely present in citrus fruits and herbal
products. Pharmacological interest in the two
flavanones is well known. Due to the chiral carbon
atom, the compounds always exist in the racemic
form. The present study reported a stereospecific
HPLC method for the enantioseparation of naringenin
and eriodictyol, which was performed on an amylose-
based chiral stationary phase (CSP), Chiralpak AD-
RH, in the reversed-phase mode. The effects of the
mobile phase on retention, enantioseparation, and
elution order were investigated. The different 3',4'
substituent pattern of the two compounds affected
the enantioselectivity. An online coupling HPLC-CD
method was used for elution order determination.
Both the CD sign of the eluted peaks at a single
wavelength and complete CD spectra of the eluted
enantiomers were obtained by the method.

Keywords: Naringenin, eriodictyol, HPLC-CD,
enantioseparation

1. Introduction

Naringenin (5,7,4'-trihydroxyflavanone, 1) and eriodictyol
(5,7,3',4'-tetrahydroxyflavanone, 2) (Figure 1) are chiral
flavanones present in citrus fruits and herbal products.
Pharmacological interest in the two flavanones is well
known. Both compounds have long been realized as
antioxidants and chemopreventive agents (/). Recent
studies have shown that naringenin also possesses activities
such as anti-inflammatory (2), anti-cancer (3,4), anti-
metastasis (5), normalizing lipids (6, 7), anti-hyperglycemia
(8), and anti-hypercholesterolemia (9). Eriodictyol can
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Dr. Dongmei Ren, School of Pharmaceutical Sciences,
Shandong University, 44 Wenhuaxi Road, Ji'nan
250012, China.

E-mail: rendom@sdu.edu.cn

provide a cytoprotective effect in ultraviolet (UV)-
irradiated keratinocytes (/0), induce long-term protection
in ARPE-19 cells (/7), and prevent early retinal and
plasma abnormalities in streptozotocin induced diabetic
rats (/2). Deriving from the stereogenic center at C-2, the
two flavanones are chiral. It is well known that interactions
with enzymes are often stereospecific, so enantiomers
should have different behaviors in pharmacological action
and metabolic process, but due to the lack of readily
available pure flavanone enantiomers, most bioactivity
studies were carried out using a racemic mixture. For
the separation of enantiomers of compounds 1 and 2, a
couple of methods have been previously reported, such
as capillary electrophoresis (/3), micellar electrokinetic
chromatography (/4), and high performance liquid
chromatography (HPLC) under normal-phase conditions
(15). With respect to normal phase and polar organic
mobile phase, the reversed-phase mode is particularly
advantageous in the direct analysis of biological matrices
without a batch sample preparation step and in coupling
with mass spectrometry. There were also reports about the
enantioseparation of compounds 1 and 2 using reversed-
phase HPLC. The only validated reversed-phase HPLC
method reported for the stereospecific separation of 2
was separation on a Chiralpak OJ-RH column (/6), while
1 could be enantioseparated using a Chiralcel OD-RH
column (/7). Both the Chiralpak OJ-RH column and
Chiralcel OD-RH column are cellulose-derived columns. In
this article, we report the enantioseparation of compounds
1 and 2 using an isocratic reversed-phase HPLC with
two amylose-based chiral stationary phases (CSP),
Chiralpak AD-RH and Chiralpak AS-RH. Chiralpak AD-
RH provided better enantioseparation of the two analytes.

Figure 1. Structures of compounds 1 and 2.
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Moreover, the online coupling HPLC-circular dichroism
(CD) method makes possible direct absolute configuration
assignment of the eluted enantiomers.

2. Materials and Methods
2.1. Chemicals and reagents

Racemic naringenin (1) and eriodictyol (2) were
purified from Dracocephalum rupestre. The purity
was proved to be above 98% by HPLC analysis. The
structure identification was carried out using 'H and
C nuclear magnetic resonance (NMR). HPLC-grade
methanol, ethanol and acetonitrile were from Burdick
& Jackson (SK Chemicals, Seoul, Korea).

2.2. Chromatographic system and conditions

The HPLC-UV was performed on an Agilent 1260 HPLC
system, equipped with quaternary pump, diode array
detector and an autosampler (Agilent, Palo Alto, LA,
USA). The HPLC-CD was performed on a JASCO LC-
Net II/ADC HPLC system, equipped with a PU-2089 plus
pump, CD-2095 plus CD detector and a 7125 Rheodyne
injector with 20 pL sample loop (Jasco, Tokyo, Japan).
The columns (150 mm x 4.6 mm) were amylose tris(S)-
a-methylbenzyl carbamate (Chiralpak AS-RH), amylose
tris-3,5-dimethylphenyl carbamate (Chiralpak AD-RH)
both coated on 5 um silica gel. The above columns were
obtained from Daicel (Tokyo, Japan). Experiments were
performed at ambient temperature. All solvents were
degassed in an ultrasonic bath prior to use. To eliminate
some unexpected memory effects, a column regeneration
procedure according to the vendor's instruction was
performed when a new organic modifier was utilized.
Once a new chromatographic condition was adopted, the
column was equilibrated for at least 1 h before injection.
Samples of naringenin and eriodictyol were diluted in
methanol to a concentration of 0.1 mg/mL for HPLC-
UV and 0.5 mg/mL for HPLC-CD. The prepared HPLC
sample solutions were filtered through a nonsterile
0.45 um PTEE syringe filter. UV and CD detection
were performed at 284 nm. The CD spectra of the
enantiomers were obtained by stopped-flow scanning
at each chromatographic peak by CD detector in the

wavelength range of 220-420 nm. Column void volume
(t,) was measured by injection of tri-fert-butylbenzene
as a non-retained marker. The retention factor (k) was
calculated as k, = (¢,— t,)/t, and k, = (¢, — t,)/t, where ¢,
and ¢, are the retention times for the first and second
eluting enantiomers, respectively. The separation factor
(a) was calculated as a = k,/k,. The resolution factor was
evaluated according to R, = 2(¢, — ¢,)/(w, + w,), i.e. the
peak separation divided by the mean value of the baseline
widths. Retention times (f) were mean values of two
replicate determinations.

3. Results and Discussion
3.1. Optimization of chromatographic conditions

The effect of two amylose-based CSP, Chiralpak AD-
RH and Chiralpak AS-RH, on the chiral recognition
of compounds 1 and 2 was first studied. The effect of
mobile-phase on the separation process was examined
by modifying the percentage of water (doped with 0.1%
trifluoroacetic acid, TFA) and type of organic cosolvent
(methanol, ethanol, or acetonitrile) in the reversed-
phase mixtures. The chromatographic parameters,
capacity factor (k), separation factor (a), and resolution
factor (R,) for the resolved compounds 1 and 2 are
given in Tables 1 and 2 for Chiralpak AD-RH and
Chiralpak AS-RH, respectively.

These tables showed that both compounds 1 and 2
could be resolved with good separation factors (a) and
resolution factors (R,) on the Chiralpak AD-RH column
by optimizing the mobile phase composition. For the
enantioseparation on the Chiralpak AS-RH column,
although a variation in the chromatographic parameters
was optimized to obtain the best resolution, the two
compounds could not be separated very well. Only a
partial resolution of compound 1 was achieved using
methanol and ethanol as organic modifiers or using
acetonitrile as organic modifier for compound 2 (Figure
2). Thus, the results suggested the use of Chiralpak AD-
RH to study the enantioseparation of compounds 1 and
2 is better. Chemically, Chiralpak AD-RH is amylose
tris (3,5-dimethylphenyl carbamate), while Chiralpak
AS-RH is amylose tris (S-a-methylbenzyl carbamate).
Therefore, it may be concluded that the presence

Table 1. Chromatographic results for enantiomeric resolution of compounds 1 and 2 on Chiralpak AD-RH CSP

Eluent k ks ¢ R,
1 2 1 2 1 2 1 2

Methanol-H,0", 95:5 3.14 2.41 4.26 2.86 1.36 1.19 3.76 2.48
Methanol-H,0", 90:10 5.37 3.57 6.91 5.26 1.29 1.47 3.43 4.39
Methanol-H,0", 85:15 9.21 5.73 11.42 9.43 1.24 1.65 2.98 5.90
Ethanol-H,0", 80:20 0.61 1.14 0.61 1.69 1.00 1.48 0 3.30
Ethanol-H,0% 70:30 2.20 2.20 2.35 3.33 1.07 1.65 0.80 4.60
Acetonitrile-H,0 50:50 1.55 0.94 1.70 1.04 1.10 1.11 1.10 0.82
Acetonitrile-H,0", 35:65 7.02 3.57 8.01 3.95 1.14 .11 2.86 1.16

*H,0 doped with 0.1% TFA.
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Table 2. Chromatographic results for enantiomeric resolution of compounds 1 and 2 on Chiralpak AS-RH CSP

Eluent ki ks ¢ R,
1 2 1 2 1 2 1 2
Methanol-H,0% 80:20 1.73 0.92 1.97 0.92 1.21 1.00 1.47 0
Methanol-H,0", 65:35 6.83 3.34 7.67 3.34 1.12 1.00 1.57 0
Methanol-H,0", 60:40 11.67 - 12.89 - 1.10 - 1.50 -
Ethanol-H,0", 55:45 3.56 1.95 3.86 1.95 1.08 1.00 1.23 0
Ethanol-H,0O% 40:60 23.85 9.33 25.29 9.33 1.06 1.00 1.87 0
Acetonitrile-H,0%, 25:75 14.17 5.44 14.17 5.76 1.00 1.06 0 1.40
Acetonitrile-H,0", 20:80 - 12.76 - 13.61 - 1.07 - 1.83
Acetonitrile-H,0% 15:85 - 36.88 - 39.81 - 1.08 - 2.96
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Figure 2. Typical HPLC chromatograms of enantiomeric resolution of compounds 1 and 2 on Chiralpak AS-RH column.
Mobile phase: (A) methanol-H,O doped with 0.1% TFA, 80:20 (v/v); (B) methanol-H,O doped with 0.1% TFA, 65:35 (v/v); (C)
ethanol-H,0O doped with 0.1% TFA, 45:55 (v/v); (D) acetonitrile-H,O doped with 0.1% TFA, 20:80 (v/v); (E) acetonitrile-H,O
doped with 0.1% TFA, 17:83 (v/v); (F) acetonitrile-H,O doped with 0.1% TFA, 15:85 (v/v).

of the two methyl groups on the phenyl moieties of
Chiralpak AD-RH CSP increases the © basicity of the
phenyl moieties, which results in n-m interactions of
greater magnitude in comparison to Chiralpak AS-RH,
and hence a better resolution occurred on Chiralpak
AD-RH in comparison to Chiralpak AS-RH. Typical
enantiomeric separations of flavanones 1 and 2 on
Chiralpak AD-RH CSP and mobile phase composition
are shown in Figure 3.

Several analytical considerations can be made
from the results shown in Table 1 and Figure 3. i)
As expected for the reversed-phase behavior of the
Chiralpak AD-RH column, when the organic cosolvent
concentration in the mobile phase increased, the
k-values of the enantiomers were decreased in all cases.
i) The use of a different type of organic cosolvent in the
mobile phase yielded quite different stereoselectivities
for the two enantiomeric pairs. For both compounds
1 and 2, the use of methanol as organic modifier gave
good selectivity factors (a) and resolution factors (R)).
Thus, a mobile phase composition consisting of a
simple mixture of methanol-water 90:10 (v/v) achieved
an enantioselectivity factor value of 3.43 and 4.39 for
compounds 1 and 2 respectively. iii) It can also be
noted that for compound 2, both a and R, increased
significantly by decreasing the percentage of methanol
in the mobile phase, while for compound 1, a and R,
only changed slightly by changing the concentration of

methanol in the mobile phase. iv)The use of ethanol as
organic modifier of the eluent could reduce the retention
time of the enantiomers of compounds 1 and 2. The
resolution of compound 2 was achieved successfully
in the ethanol solvent system, but the resolution of
compound 1 was poor when ethanol was used as mobile
phase. v) Compound 1 could be enantioseparated when
acetonitrile was used as organic cosolvent in the mobile
phase, but the resolution was poor for compound 2 in
the same mobile phase. Thus slight modification in
the substitution pattern influences heavily affected the
behavior of the flavanones on the same CSP.

3.2. Online coupling HPLC-CD

Elution order between a pair of enantiomers is a key
theme in the field of chiral HPLC, but until now
prediction of elution order remains difficult. An online
HPLC-CD method is quite useful to trace the elution
order between enantiomers in a given selector system.
In addition to obtaining a CD signal at a chosen wave
length, the method could also afford the complete CD
spectrum of the eluting peak in a stop-flow mode. As
shown in Figure 4, the CD signals at 284 nm were
obtained for compounds 1 and 2 in a continuous flow
mode. Although the use of ethanol for compound 1 and
acetonitrile for compound 2 as organic modifier did not
afford good resolution as detected by UV (Figure 3),
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Figure 3. Typical HPLC chromatograms of enantiomeric resolution of compounds 1 and 2 on Chiralpak AD-RH column.
Mobile phase: (A) methanol-H,O doped with 0.1% TFA, 95:5 (v/v); (B) methanol-H,O doped with 0.1% TFA, 90:10 (v/v); (C)
methanol-H,O doped with 0.1% TFA, 85:15 (v/v); (D) ethanol-H,O doped with 0.1% TFA, 80:20 (v/v); (E) ethanol-H,0O doped
with 0.1% TFA, 75:25 (v/v); (F) ethanol-H,O doped with 0.1% TFA, 70:30 (v/v); (G) acetonitrile-H,O doped with 0.1% TFA,
35:65 (v/v); (H) acetonitrile-H,O doped with 0.1% TFA, 30:70 (v/v).
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Figure 4. HPLC-CD chromatograms at 284 nm for compounds 1 and 2 on Chiralpak AD-RH. Mobile phase: (A) methanol-
H,0 doped with 0.1% TFA, 95:5 (v/v); (B) methanol-H,O doped with 0.1% TFA, 90:10 (v/v); (C) methanol-H,O doped with 0.1%
TFA, 85:15 (v/v); (D) ethanol-H,O doped with 0.1% TFA, 70:30 (v/v); (E) acetonitrile-H,O doped with 0.1% TFA, 30:70 (v/v).

clear negative signals and positive signals still could be
seen in the CD traces.

It has been previously reported that a negative CD
signal at 280-290 nm of flavanone is related to the
S-configuration at C-2, whereas a positive CD signal
at 290 nm established an R-configuration (/8). Based
on this, the elution order can be easily determined. As
evidenced by the positive and negative CD signals at
284 nm, the opposite elution order of compounds 1 and
2 was observed by using methanol and acetonitrile as
organic modifiers. For compound 1, the S-enantiomer
eluted as the first peak, but eluted as the second for
compound 2. When ethanol was used as organic

modifier, the elution order is the same for the two
pairs of enantiomers, i.e. the first eluted enantiomers
are the R-configuration and the second eluted are the
S-configuration. These phenomena indicated that the
introduction of OH in position 3' might increase the
possibility of additional hydrogen bonding between the
compound and the CSP, and this kind of bonding might
play a key role in the chiral recognition process. It has
been reported that by changing the percentage of polar
alcohol in the mobile phase you could induce an elution
order reversal (/9,20). In this experiment, the solvent-
induced elution order reversal only took place by
changing the type of organic modifier, no enantiomeric
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Figure 5. CD spectra of the eluted peaks of compounds 1
and 2 in HPLC-CD online coupling. CSP: Chiralpak AS-
RH; mobile phase: methanol-H,O doped with 0.1% TFA,
90:10 (v/v).

elution order reversal was observed by changing the
concentration of organic cosolvent (Figure 4).

The online CD spectra of the enantiomers of
compounds 1 and 2 were obtained using the stop-
flow mode (Figure 5). The complete CD spectra of
the two compounds are very similar, with the typical
characteristics of a flavanone, i.e. as the signs at 280-290
nm for the n—n* absorption band and at 330-340 nm
for the n—n* absorption band are related to the absolute
configuration.

4. Conclusion

In summary, two amylose-based CSPs, Chiralpak
AD-RH and Chiralpak AS-RH, were used for the
enantioseparation of naringenin and eriodictyol.
The Chiralpak AD-RH column was found to be
more selective for the chiral resolution of the two
flavanones. The separation of the enantiomers was
optimized by varying the chromatographic parameters.
The resolution was found to depend on the nature and
concentration of organic modifier in the mobile phase.
The 3',4' substituent pattern of the compounds affected
the enantioselectivity on the same CSP. The HPLC-
CD coupling technique was used for the configuration
determination of the enantiomers. Elution order reversal
was observed by changing the type of organic modifier
in the mobile phase.
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Attenuation of tumor growth by honokiol: An evolving role in

oncology
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ABSTRACT: Honokiol may exert significant anti-
neoplastic effects in other systemic tumors besides skin
cancers by virtue of modulation of other pathways. For
instance, honokiol attenuates tumor growth in mammary
malignancies. It mediates its anti-neoplastic role in these
tumors by accentuating the phosphorylation of AMPK. As
a result, honokiol causes significant mitigation of tumor
proliferation and growth.

Guillermo et al. have provided great insight into the
role of honokiol in management of skin cancers (/).
Honokiol may exert significant anti-neoplastic effects
in other systemic tumors besides skin cancers by virtue
of modulation of other pathways.

Honokiol attenuates tumor growth in mammary
malignancies. It mediates its anti-neoplastic role in
these tumors by accentuating the phosphorylation of
5" adenosine monophosphate-activated protein kinase
(AMPK). AMPK in turn affects the pACC-pS6K pathway
(2). Nitric oxide (NO) levels are also significantly
attenuated. Nuclear factor kappa B (NF-kB) activity is
also reduced by honokiol. Besides this, honokiol also
augments cytoplasmic translocation of liver kinase B1
(LKB1) resulting in attenuated invasiveness as well
as migration of the cancer cells. As a result, honokiol
causes significant mitigation of tumor proliferation and
growth. Intracellular cGMP levels are also decreased
markedly (3). Besides these effects honokiol also causes
inhibition of cyclooxygenase-2. Interestingly, honokiol
also exhibits synergism with chemotherapeutic agents
such as rapamycin by accentuating the inhibition of the
PI3K/Akt/mTOR pathway (4).

Similar effects are seen in gastric carcinomas.
Honokiol administration results in attenuated activation
of the signal transducer and activator of transcription
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E-mail: shailendrakapoor@yahoo.com

3 (STAT3) pathway (5). It mediates this effect by up-
regulating SPH-1. Honokiol also augments calpain-
II-mediated cleavage of GRP94 thus augmenting
intra-tumoral apoptosis (6). Simultanecous decrease
in intra-tumoral production of VEGF is also seen.
As a result, intra-tumoral angiogenesis is markedly
decreased. Honokiol also decreases growth in colo-
rectal malignancies. It mediates this role by modulating
the Notch pathway (7). Doublecortin-like kinase 1
(DCLK1) expression is markedly down-regulated.
Besides this inhibition of y-secretase is also seen.
These effects are especially more pronounced when
honokiol is used in conjunction with ionizing radiation.
In fact, honokiol increases the radio-sensitivity of
colorectal cancer cells. Hes-1 levels are also attenuated
(8). APH-1 is also decreased. Cyclin D1 expression is
down-regulated while the Bax/Bc¢l-2 ratio is increased.
Similar effects are seen in pancreatic malignancies.
It mediates this role by increasing p27 levels. On the
other hand, Cdk4 expression is down regulated. This
results in attenuated IkB-a phosphorylation as well as
augmented accumulation of NF-«kB in the cytoplasm of
the cancerous cells (9). Honokiol especially augments
and increases the anti-proliferative and apoptotic effects
of other chemotherapeutic agents such as gemcitabine.

As is evident from the above examples honokiol
exerts significant anti-neoplastic activity in a number
of systemic tumors. Hopefully, the coming few years
will see increased use of honokiol for mitigating tumor
growth.
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