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Review
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Regulation of food intake and the development of anti-obesity
drugs
Yue Chen*
Pharmacy Department, PLA General Hospital, Beijing, China.

Summary

As the most significant cause of death worldwide, obesity has become one of the world's
most important public health problems, but approved anti-obesity drugs are extremely
limited. This article summarizes the feeding control circuits and regulators involved in
obesity development, highlight the hypothalamus, melanocortin system and brain-gut
peptide actions in this process, and the five US FDA approved anti-obesity medications
in long term use, namely phentermine/topiramate, lorcaserin, naltrexone/bupropion,
liraglutide and orlistat.
Keywords: Anti-obesity drugs, feed control, brain gut peptide, hypothalamus

1. Introduction
In recent years, obesity has become the leading
preventable cause of death worldwide, with increasing
rates in adults and children. It was named as one of the
greatest public health problem threats of this century
(1). The American Medical Association named obesity
as a disease in 2013 (2). Now it has been identified by
World Health Organization as one of the five major
health threats to human beings. In 2015, the world
has more than 2.3 billion overweight adults, in which
700 million are obese (3). During the past 20 years,
the population of overweight and obese individuals
increased significantly in China, Japan and Southeast
Asian countries. In addition, obese children and
adolescents have increased markedly. It is now the
world's largest chronic disease among adult patients and
listed as one of the world's four major social medical
problems (4).
Obesity may lead to several diseases particularly,
heart disease, type 2 diabetes, certain types of cancer,
osteoarthritis and obstructive sleep apnea. Moreover,
obesity also makes people vulnerable to injury, and
makes it easy to get joint disease, and vulnerable to postoperation infections (5). Because of the prevalence of
Released online in J-STAGE as advance publication April 11,
2016.
*Address correspondence to:
Dr. Yue Chen, Pharmacy Department, PLA General Hospital,
Beijing, 100853, China.
E-mail: metwen@163.com

obesity and high costs, obesity is also a public health and
policy problem. It has a number of serious consequences
for individuals and government health systems (6).
In view of the health hazards and socioeconomic
burden, anti-obesity has become a hot topic, but the
misunderstanding of definition is prevalence, in which
many people equate obesity and heaviness. In fact,
patients should have excess body fat that may influence
their health to be classified as obese. It is a medical
condition that may have the potential to increase health
problems and/or reduce life expectancy (5). The most
common causes of obesity are excessive food energy
intake and lack of physical activity. Some people may
have genetic susceptibility. However, a few cases of
obesity are caused primarily by genes and patients with
medications, psychiatric illness or endocrine disorders.
Normally, we refer to the most common cases.
In "2014 NICE Guidelines for the identification,
assessment and management of overweight and obesity
in children, young people and adults", obesity is
defined by a measurement of Body Mass Index (BMI)
(7). According to BMI, the degree of overweight or
obesity in adults can be subdivided as healthy weight,
overweight, obesity I, obesity II and obesity III. In
addition to BMI, in people with a BMI less than 35
kg/m2, the waist circumference is also considered as
a factor and subdivided as low, high and very high.
Assessment of the health risks associated with being
overweight or obese in adults based on BMI and waist
circumference can be seen in Table 1. The four levels of
intervention are: 1. General advice for healthy weight
and lifestyle; 2. Diet and physical activity; 3. Diet and
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Table 1. Identification, assessment and management of overweight and obesity
Intervention level
Waist circumference (cm)
BMI (kg/m2)
Over weight (25-29.9)
Obesity I (30-34.9)
Obesity II (35-39.9)
Obesity III (≥ 40)

Male
Female

Low
< 94
< 80

High
94-102
80-88

Very high
> 102
> 88

Comorbidities present

1
2
3
4

2
2
3
4

2
2
3
4

3
3
4
4

physical activity; consider drugs; 4. Diet and physical
activity; consider drugs; consider surgery.
In addition to these two indicators, the common
factors assessing obesity may also include fat percentage
and waist-hip ratio. Body fat percentage refers to the
proportion of fatty tissue that reflects our body fat level
(degree of obesity) (8). Waist-hip ratio (WHtR) is the
ratio of waist to hip, which is an important indicator
of central obesity. The WHtR measures the body fat
distribution. A higher value means the individual may
have higher risk of obesity-related cardiovascular
diseases. When the male WHtR > 0.9 or female WHtR >
0.8, they can be diagnosed as central obesity (9).
Obesity intervention may be a long and arduous
task that requires coordination of all aspects. There
are three major methods: lifestyle interventions,
including exercise, diet and cognitive - behavioral
therapy, pharmacotherapy and surgery (10). Among
them, lifestyle intervention is the foundation, namely
of all treatments for obesity must consist of dieting and
physical exercise. Using drugs or surgery both must
meet some strict standards. In 2015, "Pharmacological
Management of Obesity: An Endocrine Society Clinical
Practice Guideline", was published by the American
Endocrine Society (11). It recommended that all patients
with a BMI ≥ 25 kg/m2 should be given the treatment
including diet, exercise, and behavioral modification.
For those who cannot adhere to behavior change, drugs
may be useful and may amplify the effects of behavioral
regulation. Medications can be used in patients who have
a history of failing in weight control or maintaining the
lost weight. Moreover, only those who meet the deemed
effective standard of medication treatment, namely
weight loss ≥ 5% of body weight at 3 months, and have
no side effects, can be continued. If the deemed effect is
not obtained or has any safety or tolerability problem, the
medication should be changed to other medications or
alternative treatment approaches.
A long term imbalance of energy intake and energy
consumption definitely leads to overweight and
obesity. In modern society, eating style and sedentary
lifestyles may be the major factors in the prevalence of
obesity. Cheap, high fat and prepared food and modern
transportation methods increase energy intake while
reducing consumption (12). With the urgency of dealing

with this arduous task, researchers try to explain
the mechanisms involved in obesity and find proper
treatments with sustained effects and less toxicity. This
review sums up the latest understanding of feeding
control in humans and FDA approved obesity drugs.
2. Feeding control circuits and regulators
To protect the human species from extinction through
famine and war, the evolutionary protective mechanism
resists fat loss and maintains weight. According to
metabolic needs, several homeostatic brain circuits
regulate feeding behavior by promoting food intake or
suppressing appetite (13). The homeostatic control of
food intake and the regulation of energy homeostasis
takes place predominantly in the Central Nervous
System (CNS), especially in the hypothalamus and
brainstem, and responds to peripheral hormonal and
neural signals. In the CNS, hypothalamus, the brain stem
and reward systems combined regulate fluids and nerve
messages. Specifically the hypothalamus plays a key role
in monitoring, processing and responding to peripheral
signals (14). Hunger hormones like Orexin and Ghrelin,
or high-calorie food prompt people to eat. Satiety
hormones such as leptin, insulin and other so called
brain-gut peptides can inhibit feeding behavior (15).
Long-term imbalance between hunger and satiety signals
lead to weight increase and obesity. Besides, cognitive
structures also involved in this process such as emotions
can influence human eating behavior (16).
The main parts of the hypothalamus are the arcuate
nucleus (ARC), the paraventricular nucleus (PVN), the
ventromedial nucleus (VMN), the dorsomedial nucleus
(DMN), and the lateral hypothalamic area (LHA),
and all of them are involved in energy homeostasisregulation (17). Peripheral signals contact the CNS to
regulate energy homoeostasis. Gut hormones in the
gastrointestinal tract communicate information and
transfer it to regulatory appetite centers based in the CNS
via the so-called 'Gut-Brain-Axis'. There are two ways
of information communication, either via vagal nonvagal afferent nerve signaling, or via blood circulation
directly. The ARC is adjacent to the third ventricle and
the median eminence, where there is a thin blood-brain
barrier. So hormones and nutrient signals can directly
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diffuse into the extracellular fluid, which means both
nerve regulation and humoral regulation affect the ARC,
to give it a major role in feeding control circuits (18).
Several neuronal populations have been listed as
key players in the hypothalamus, mainly the central
melanocortin system (19). Three main components of the
central melanocortin system are: the proopiomelanocortin
(POMC) and cocaine-and-amphetamine-regulated
transcript (CART)-coexpressing neurons (POMC/
CART), the neuropeptide Y (NPY) and agouti-related
peptide (AgRP)-coexpressing neurons located in the
hypothalamic arcuate nucleus (NPY/AgRP), and the
melanocortin receptors (MCRs) expressing neurons
located in the hypothalamic paraventricular nucleus.
The first one in the lateral ARC coexpress POMC and
CART can depress appetite, leads to feeding decrease
and weight loss. In contrast, the second one in the medial
ARC coexpress NPY and AgRP, which increase appetite
and stimulate eating, leads to weight gain.
Melanocortin receptors include five, class A, G
protein-coupled receptors, namely MC1R-MC5R. All
of them have diverse physiological roles, in which the
melanocortin 4 receptors (MC4Rs) and melanocortin 3
receptors (MC3Rs) play critical roles in mediating energy
homoeostasis (20). MC4R mainly binds to a-melanocyte
stimulating hormone (aMSH) in the hypothalamus PVN
to control food intake. MC4R inactivating mutations are
the single most common cause of monogenic obesity
in humans (21). The food intake reduction and energy
expenditure increasing effects of anorexigenic POMC/
CART neurons are through activating MC4Rs, while
the orexigenic NPY/AgRP neurons increase food intake
and decrease energy expenditure by antagonizing
POMC action on MC4Rs, thus increasing body weight.
Moreover, enteroendocrine L cells can express MC4Rs to
regulate the release of certain types of brain-gut peptides,
like peptide YY (PYY) and glucagon-like peptide 1
(GLP-1). MC3R is primarily expressed in the central
nervous system in the ARC of the hypothalamus and
limbic areas, where it affects food utilization/partitioning
and food anticipatory behavior. In mice, MC3Rs plays an
important role in the maintenance of a circadian rhythm
of activity related to feeding behavior while obese
humans show loss-of-function mutations in MC3Rs (22).
However, the role of MC3R in energy homeostasis is
unclear.
Several bioactive peptides, like adreno corticotrophin
(ACTH), α-, β-, and γ-melanocyte stimulating hormone
(α-MSH, β-MSH, and γ-MSH) and β-endorphin, are
generated by the POMC protein precursor. Among them,
α-MSH is the most well known anorexigenic peptide and
MCR agonist. By binding and activating MCRs, α-MSH
regulates food intake and energy consumption. POMC
plays a critical role in the regulation of metabolism,
in which its gene mutation will lead to early-onset
obesity. AgRP neurons co-express the orexigenic NPY,
and the neuro-transmitter gamma-aminobutyric acid

64

(GABA), directly inhibit POMC neurons. AgRP is
a high-affinity MCR antagonist. However, contrary
to POMC mutations, NPY/ AgRP gene mutations do
not have a significant effect on food intake and body
weight, which means other compensatory mechanisms
may be involved in the energy homeostasis-regulating
process (23). Besides, peripheric hormones like leptin,
glucocorticoids, insulin, estrogens, ghrelin, PYY,
and GLP-1, and signals from nutrients can regulate
POMC and AgRP neurons. Body energy status can also
influence the melanocortin system.
Vagal afferent fibers can sense the signals of nutrients
and transfer them to the CNS. Most of the vagal afferent
fibers, that innervate the viscera and gastrointestinal tract,
project to the nucleus of the solitary tract (NTS) rostral to
obex (24). Within this region, several neurons project to
the VTA and lateral hypothalamic areas, and may affect
food intake through actions on dopamine signaling in
motivation and reward-related areas. The pleasantness
of food alongside the emotional and cognitive aspects of
eating behavior is determined in the 'reward' system of
the brain. This system is comprised of a number of limbic
and cortical areas that communicate with each other and
with the hypothalamus, predominantly through dopamine
(DA), opioid and endocannabinoid neurotransmission (25).
Moreover, metabolic pathways in the brainstem, like the
orbitofrontal cortex (OFC), amygdala, insula, dorsal and
ventral striatum, hippocampus, anterior cingulate cortex
and dorsolateral prefrontal cortex, amongst others, also
integrate and respond to short-term and long-term changes
in energy homeostasis as part of a broader network.
3. Regulatory signals in the feeding control circuits
NPY, peptide YY (PYY) and pancreatic polypeptide
(PP) are members of the neuropeptide Y (NPY)
family. They are expressed by cell systems at different
levels of the gut-brain axis (26). NPY is the most
abundant neuropeptide in the brain. A lot of neuronal
system regions, from the medullary brainstem to the
cerebral cortex, can express NPY. It exerts a variety of
physiological processes in humans via four different
receptor subtypes Y1, Y2, Y4 and Y5. As one of the
potent orexigenic peptides in the CNS, NPY/AgRP
neurons have a critical role in feeding regulation. Y1
receptors play the main role in the orexigenic effect,
although Y5 receptors also are involved in this process.
Through different neuronal circuits, neuropeptides
like melanin-concentrating hormone (MCH) or orexins/
hypocretins (OX) in LHA can regulate ingestion, arousal,
and locomotor behavior as well as autonomic function
(27). By activation of MCHR-1 in the nucleus accumbens
(NA), MCH can coordinate energy need and feeding.
This process possibly contributes to influence feeding
in energy balance disorders. Central injection of the
orexigenic neuropeptide MCH into the brain increases
feeding in rodents and promotes obesity. Unlike strongly
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orexigenic neuropeptide NPY, MCH only amplifies the
size or amount of normally accepted food and water, and
the forebrain can selectively control this effect.
The endocannabinoid system functions as a potent
regulator of feeding behavior and energy balance through
complex central and peripheral mechanisms (28). In
general, increased endocannabinoid activity enhances
food intake and favors fat storage. Endocannabinoids
such as anandamide promote feeding mediated by the
interaction of cannabinoid compounds with various types
of receptors in the nervous system. The cannabinoidtype 1 (CB1) receptors are highly expressed in the brain,
mainly in the ARC, the PVN, and the LHA. It colocalizes
with opioid receptors and participates in the modulation
of food palatability and ingestion. CB1 receptor inverse
agonist/antagonist rimonabant was used as a weight loss
drug but was withdrawn from the market for increasing
the risk of psychiatric side-effects (29).
Highly flavored, energy-dense, "palliative foods" can
override normal eating and weight-control mechanisms
and generate paradoxically high but ineffective levels of
appetite-suppressing hormones (30). There is evidence
that these foods can affect the reward system through
central monoamine neurotransmitters. In the reward
system, neurotransmitter dopamine plays a key role in
regulating feeding and emotion. However, the clear role
of dopamine signaling in reward is controversial. There
exists two hypotheses to explain the role of dopamine
(31). The first one is the positive correlation between
dopamine signaling and pleasure experience may
overindulgence pleasurable stimuli. The second one is a
compensatory response like overeating may result from
decreased dopaminergic signaling.
4. Brain-gut peptides as feeding control regulators
The gastrointestinal tract is the largest endocrine organ
in which many kinds of peptides are being produced
and released and have several distinct effects (32).
External cues contact the CNS to control feed and
coordinate with the brain's internal signals, transferring
messages about the presence and composition of foods
in the gut. These gastrointestinal peptides are either
orexigenic or anorexigenic related to food intake and
named as brain-gut peptides. There are two types of
brain-gut peptides (33): i) short-term signals, which are
kept in step with each episode of eating, like, ghrelin,
cholecystokinin (CCK), PP, PYY, GLP-1, nesfatin-1,
oxyntomodulin (OXM), glucagon, gastric inhibitory
polypeptide (GIP), amylin, and so forth.; ii) long-term
signals, which reflect the metabolic state of adipose
tissue, such as, insulin and leptin. Both of them interact
with each other to determine eating behavior.
4.1. Short-term signals
As the first gut hormone known to affect feeding and

appetite, CCK is secreted from enteroendocrine I-cells
predominantly located in the proximal small intestine,
mainly in response to fatty acids. After a meal, plasma
CCK levels increase within 15 minutes and the life time
of CCK is only a few minutes. The vagal nerve has
CCK-1 receptors that can lead to early meal termination
and reduce food intake once combining with CCK (34).
The hypothalamus also has CCK-1 receptors, which
means a direct communication without vagal regulation
may exist. Besides, the synergistic interaction between
CCK and several other anorexigenic peptides also have
an important role in feeding regulation.
Ghrelin is a 28-amino-acid-long peptide that
exerts its orexigenic effect via the growth hormone
secretagogue receptor (GHS-R) to increase food
intake in animals and humans (35). During fasting, the
circulating levels of ghrelin increase and after eating, it
falls to stimulate hunger. Until now, ghrelin is the only
known orexigenic, peripherally active gut hormone.
The plasma level of ghrelin is mainly regulated by
nutrients but not water. Expressed within the ARC and
PVN of the hypothalamus, ghrelin also plays a role as a
neurotransmitter to adjust appetite. This effect is mediated
through activation of NPY/AgRP co-expressing neurons.
Both central and peripheral ghrelin administration have
the same effect in reducing fat utilization and weight
increase from overeating. Except for short term effects
as a meal stimulator, ghrelin may also have long-term
effects because its levels are inversely correlated to
BMI. Further, ghrelin may influence the reward system
through mesolimbic dopamine circuitry, in which the
emotional wanting or reward value for highly desirable
foods increased (36).
PP-fold peptide family includes NPY, PP and PYY.
PP is a 36 amino-acid-long peptide released from the
pancreas (37). The blood level of PP is proportional
to the amount of ingested calories. It is believed that
the anorectic effects of PP are transferred via the
Y4-receptor in the brainstem and the hypothalamus.
Compared to normal weight people, the circulating
levels of PP in obese subjects and Pradere Willi
syndrome patients are reduced and can't increase after
feeding. Further, PP can reduce leptin in white adipose
tissue and decrease the gene expression of ACTHreleasing factor. However, although intravenously
administered PP can reduce food intake and increase
energy expenditure, central administrated PP leads to
increased food intake (38).
PYY also belongs to the PP-fold peptide family,
secreted in proportion to nutrients ingested, but not
affected by gastric distension. The secretion of PYY is
mainly stimulated by fat. N-terminally truncated PYY336 is the major form of PYY that has high affinity for
the Y2 receptor. Peripherally administrated PYY336 at physiological doses can decrease food intake in
rodents, primates and humans. Circulating postprandial
PYY levels are lower in obese individuals, suggesting
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it may have a potential pathophysiological role in the
development of obesity (39). However, different reports
show large differences in fasting PYY levels between
normal and obese patients.
Both L cells and neurons of the nucleus of the
solitary tract in the hindbrain can produce GLP-1 (40).
The release of GLP-1 is proportional to the amount of
calories ingested, but normal and obese people have
a different response to GLP-1 administration. Unlike
PYY affected mainly by fat, the stimulators of GLP1 are carbohydrate and fat. Protein has a relatively
less effect on the release of GLP-1. By combining
with GLP-1 receptor, a member of 'Family B' of the
G-protein-coupled receptors widely distributed in the
gastrointestinal tract, pancreas and brain, GLP-1 can
activate neurons in the ARC, PVN, NTS and AP, lead to
satiety and reduce hunger.
Nesfatin-1 is an 82 amino acid polypeptide. It is
the cleavage product of NUCB2, mainly expressed
in the CNS as part of the feeding regulatory system
(41). As an anorexigenic modulator of feeding control,
once injected into the brain, Nesfatin-1 can induce a
prolonged decrease of dark phase food intake even at
picomolar levels. Hypothalamic anorexigenic pathways
such as corticotropin-releasing factor receptor 2
(CRF2), medullary pro-opiomelanocortin signaling,
melanocortin and oxytocin can mediate the effect of
Nesfatin-1.
4.2. Long-term signals
The long term signals of feeding regulators are leptin
and insulin (42). The release of them are proportional
to body fat content and the CNS level of them are
determined by their plasma concentrations.
Insulin serves as an anorexigenic modulator of
feeding control in the CNS by stimulating POMC/
CART and inhibiting NPY/AgRP (43). It controls
energy homeostasis by acting on the ARC, stimulating
the synthesis of pro-opiomelanocortin that acts
on melanocortin receptors MC3R and MC4R in
hypothalamic nuclei. However, insulin is secreted
into the blood in response to change in blood glucose
concentrations, and lowered blood sugar level is a
strong signal of hunger, which means it can't be used to
control eating by peripheral administration. The release
of insulin can also be influenced by incretin hormones
such as GLP-1 (44). Thus, the relationship between
insulin secretion and appetite regulation may be more
complicated than current understanding.
Leptin acts directly on the feeding control neurons
in CNS, suppressing NPY and increasing proopiomelanocortin, to stimulate the enzymes involved in
lipid metabolism. It can reduce food intake and increase
energy consumption. (45). It can prevent obesity by
inhibiting appetite. Lacking leptin or leptin receptor
dysfunction may lead to hyperphagia and obesity.
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Further, the expression and consolidation of learned
appetitive behaviors can be depressed by leptin and
dopamine signaling is influenced by leptin, as well,
although the mechanism is not clear yet (46). It can also
enhance the effect of CCK and heighten the sensitivity
for sweetness.
5. Nutrients served as feeding control regulators
Nutrients can also transfer satiating signals to the
hypothalamus. Specific receptors or transporters sense
the signals from nutrients like carbohydrate, fat and
protein. These receptors located in the entero-endocrine
cells (EEC) in the intestinal epithelium can trigger the
release of gastro-intestinal regulatory peptides such as
CCK, ghrelin, PYY, serotonin, GLP-1 among others (47).
After absorption, glucose released in the portal vein
bound to SGLT3, and served as a second message to the
brain to reduce hunger (48). A broad range of G-proteincoupled receptors in the lumen sense the signal from
non-esterified fatty acids (NEFA) in a length dependent
manner. Among them, NEFA1 receptor and GPR120
respond to medium- and long-chain NEFA(C>12)
and NEFA2 and NEFA3 receptors detect short-chain
fatty acids (SCFA). After digestion, protein degrade to
peptides in the portal vein, which antagonize MORs
present in the peri-portal afferents to the brain. By vagal
and spinal signals, these message are transferred to the
brain by MOR-controlled ascending nerves.
6. Weight-loss products
Excessive body weight can lead to various diseases,
such as diabetes mellitus type 2, cardiovascular
diseases, certain types of cancer, obstructive sleep
apnea, asthma and osteoarthritis. As a result, obesity
may reduce life expectancy. With the dramatic increase
in obesity in the population, a variety of weight-loss
products have emerged, but effectiveness and safety
are uncertain (49). To date, there are no regulations for
the safety and effectiveness of weight-loss products
and no strict criteria. The most common weight-loss
products can be divided into four categories, which
include: prevent the absorption of fat or carbohydrates
to reduce the absorption of energy from food; promote
metabolism, namely increasing energy expenditure;
change the distribution of nutrients in body to reduce
body fat while increasing lean tissue; reduce the body's
energy intake by suppressing appetite and increasing
satiety.
A-amylase inhibitor (50) and chitin (51) are two
materials that can reduce energy intake by decreasing
the absorption of carbohydrates and fat, respectively.
These products have less toxicity but can cause stomach
discomfort. Besides, there is no evidence or proof for
the weight-loss effect of these products compared with
placebo.
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The body's metabolism determines the rate of
energy consumption. Fast metabolism people can
consume more energy compared with slower ones.
Metabolism boosters reduce body weight by speeding
up the body's calorie-burning furnace (52). Caffeine,
ephedra (ephedrine), green tea, and cocoa are among
this type of weight-loss products. However, the safety
of metabolism boosters is uncertain and commodities
on the market usually contain an excessive quantity of
doping products, leading to serious side effects.
Calcium, conjugated linoleic acid, and chromium
picolinate can change the ratio of fat tissue to muscle
tissue in the body, and namely reduce fat and increase
muscle (53). However, the weight loss effect of these
products is insignificant with an uncertain mechanism.
Moreover, relative high toxicity restrains their
application.
As undigested carbohydrate, dietary fiber can be
used as a physiological barrier to interfere with energy
intake by replacing the available nutrients to promote
weight reduction (54). Fiber reduces the absorption
efficiency of the intestine. Dietary fiber can increase
anaerobic microorganisms' reproduction, stimulate
intestinal peristalsis, accelerate the discharge of food
residues and reduce nutrient digestion and absorption.
Further, fibers need more chewing action, which
can limit food intake and promote gastric and saliva
secretion, causing gastric distension and increasing
satiety. Although inadequate dietary fiber intake can
cause many diseases, excessive dietary fiber will affect
the absorption of nutrients, resulting in malnutrition.
7. The history of anti-obesity drugs
Obesity is one of the world's most important public
health problems, but the approved anti-obesity drugs
are extremely limited. Currently, only two types of
anti-obesity drugs for long term weight loss are on
the market, pancreatic lipase inhibitors and central
nervous system appetite suppressants. Those that can
increase energy consumption and metabolism were
withdrawn due to side effects. Until now, there are five
drugs (orlistat, phentermine/topiramate, lorcaserin,
naltrexone/bupropion and liraglutide) approved for
long-term use and four sympathomimetic drugs
approved for short-term treatment of obesity by the US
FDA.
Medical treatment of obesity can be traced to the
late 19th and early 20th century (55). Between 1887 and
1940 thyroid hormone, dinitrophenol and amphetamine
were used to treat obesity. All of them were finally
stopped due to side effects. Neuropathy and cataracts
induced by dinitrophenol and trityl alcohol were
named as one of the disasters caused by medicine in
the 20th century (56). In the early 1950s, amphetamine
and its congener methamphetamine, became widely
abused street drugs. The side effects and addictive

effect of them lead to the search for safer alternatives.
Serotonergic agents like fenfluramine opened a new
area of anti-obesity drugs, although the side effects like
primary pulmonary hypertension lead to withdrawal
later (57). Combination therapy for treatment of obesity
was popular between 1973 and 1996, and one of the
most popular combination drugs was d,l-fenfluramine
and phentermine. However, they were removed from
the market worldwide in 1997 because more than 30%
of patients have the potential to develop valvular heart
disease (58). A number of nervous system appetite
suppressants were developed after 1996, but only a few
approved by the FDA to treat obesity. The mechanism
of these drugs were inhibiting monoamine action and
modulating neuropeptides. However, nearly all of them
were withdrawn from the market several years later. In
2001, the appetite suppressant phenylpropanolamine
(PPA) was withdrawn from the market due to serious
consequences like hemorrhagic stroke (59). In 2003,
ephedrine was removed from the market because of
heart disease and stroke (60). In 2009, rimonabant
was withdrawn for enhancing suicidal tendency (61).
Sibutramine is also a central appetite inhibitor, which
inhibits norepinephrine and serotonin reuptake, leading
to satiety and reducing appetite. After its approval
by the US FDA, similar products swept the world,
and became the gold standard for anti-obesity drugs.
However, in 2010, it was withdrawn because of the risk
of cardiovascular disease and stroke (62). Most recently,
in early 2011, a pharmaceutical scandal in France
shocked the world. The country's pharmaceutical giant
Servier's anti-obesity drug Mediator lead to the death
of hundreds of people because its main component
benfluorex causes valvular side effects and death
(63). Thus, since approved in 1999, lipases inhibitor
orlistat (tetrahydrolipstatin) has long been the only drug
available on the market (64).
The fact that obesity is increasingly more serious and
treatment is extremely limited led to the development of
new drugs and re-combination of old drugs (Table 2). To
handle this global problem, FDA approved phentermine/
topiramate (65) and lorcaserin (66) in 2012, then
naltrexone/bupropion (67) and liraglutide (68) in 2014.
However, to date, the anti-obesity drug market has one
and only OTC drug, orlistat (69).
7.1. Pancreatic lipase inhibitor approved by FDA for
long-term use: Orlistat (marketed by prescription as
Xenical and OTC as Alli)
As the only long term used drug approved worldwide,
orlistat was approved by FDA in 1999. It has long
been the only long term used weight-loss medicine
on the market until 2012. It is a potent long-acting
gastrointestinal lipase inhibitor, directly blocking the
absorption of fat (70). Serval long term clinical trials
of orlistat have been published. Orlistat at a therapeutic
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Table 2. Currently approved anti-obesity drugs
Average weight
lost at 1 year (kg)
vs. for placebo

Percentage of patients
achieving > 5% loss
of body weight at 1
year vs. for placebo

Name

Mechanism of Action

Orlistat

Pancreatic
lipase inhibitor

10.3 kg

Lorcaserin

5-HT2C agonist

Phentermine/
topiramate

Safety warning

Contraindications

68.50%

Cyclosporine exposure,
rare liver failure,
concomitant

Chronic malabsorption,
gall bladder disease

5.8 kg

47.50%

Serotonin syndrome,
valvular heart disease,
cognitive impairment,
depression,
hypoglycemia,
priapism

MAOIs, use with
extreme caution
with serotonergic
drugs (SSRIs, SNRIs),
pregnancy

Sympathomimetic
Anticonvulsant (GABA
receptor modulation,
carbonic anhydrase
inhibition, glutamate
antagonism)

8.1 kg
(7.5/46 mg)
10.2 kg
(15/92 mg)

62%
(7.5/46 mg)
70%
(7.5/46 mg)

Fetal toxicity;
acute myopia,
cognitive dysfunction,
metabolic acidosis,

Glaucoma,
hyperthyroidism,
MAOIs,
pregnancy

Naltrexone/
bupropion

Opioid receptor
antagonist dopamine
reuptake inhibitor

6.1 kg
(360/32 mg)

39%

Boxed waning: suicidality;
Warning: BP, HR,
seizure risk, glaucoma,
hepatotoxicity

Seizure disorder,
uncontrolled HTN,
chronic opioid use,
MAOIs, pregnancy

Liraglutide
3.0 mg

GLP-1 receptor
agonist

7.4% (vs. 3.0%
for placebo)

62.3% (vs. 34.4%
for placebo)

Boxed warning: thyroid
c-cell tumorsin rodents.
Warnings: acute pancreatitis,
acute gallbladder disease,
serious hypoglycemia if used
with insulin secretagogue,
heart rate increase,use caution
in renal impairment;
hypersensitivity reactions
can occur, monitor for
depression or suicidal

Patients with a personal
or family history of
medullary thyroid
carcinoma or multiple
endocrine neoplasia,
pregnancy

dose (120mg, 3 times per day) will reduce fat
absorption up to 30%. Patients in a one year treatment
can lose 9% of their body weight by using orlistat,
while the placebo group only lost 5.5%. It can also
reduce waist, blood pressure, fasting glucose, BMI,
glycated hemoglobin concentration in diabetic patients,
as well as decrease low-density lipoprotein cholesterol
(LDL-C), total cholesterol and increase high-density
lipoprotein cholesterol (HDL-C) (71).
Orlistat can't be transfered into the bloodstream, so
the side effects mainly involved triglyceride digestive
dysfunction in the intestine, including fat diarrhea,
abdominal distension, fecal urgency, fecal incontinence
and oily stools (72). The incidence rate of these side
effects can be 15% to 30%, and some patients considered
this unacceptable. Certain researchers even consider
the anti-obesity effect of orlistat mainly comes from the
"punishment" of a high-fat diet that can lead to these
embarrassments, so people will consciously decrease
fat absorption to avoid them. Studies have shown that
few people can stick to the treatment longer than 1 year
(less than 10%), let alone 2 years (less than 2%). Further,
absorption of fat soluble vitamins can be impaired by

orlistat, so patients should take multivitamins with more
than a 2 hour interval. Moreover, patients treated with
orlistat may develop gall bladder disease (> 2%) and it
can influence the absorption of cyclosporine. Very few
cases of liver failure were reported recently.
Cetilistat is a novel, orally active, gastrointestinal
and pancreatic lipase inhibitor developed by Takeda
and approved by Japanese Ministry of Labor Health
and Welfare (MHLW) as a drug for treatment of obese
patients having both type 2 diabetes and dyslipidemia
(73). Cetilistat acts similarly as orlistat with relatively
mild side effects. Adverse events and discontinuation
rates with cetilistat are less common than with orlistat.
7.2. Serotinin-2C receptor agonist approved by FDA for
long-term use: Lorcaserin (marketed as Belviq)
In 2012, FDA approved a long-term medication for
obesity, lorcaserin. It is a highly selective serotonin 2c
receptors (5HT-2C) agonist that reduces appetite and
increase satiety by binding to the 5HT-2C receptors on
anorexigenic POMC neurons in the hypothalamus (74).
Some removed anti-obesity drugs such as fenfluramine
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and dexfenfluramine, also act on 5-HT receptors but
increased the risk of serotonin-associated cardiac
valvular disease by activating the 5HT-2B receptor
(75). As a highly selective 5HT-2C agonist, the cardiac
valvular effects of lorcaserin may not be serious (longterm data was asked for by FDA).
Three randomized, placebo-controlled trials of
locraserin have been reported. Two of them were
in nondiabetic patients (BLOOM29 (N=3182; 50%
attrition) and BLOSSOM30 (N=4004; 45% attrition))
and one was in adults with type 2 diabetes (BLOOMDM31 (N=603; 34% attrition)). It shows that compared
with placebo, lorcaserin can cause decrease of more
body weight, approximately 3.2 kg (≈3.2%of initial body
weight) (76). Although the weight lost is modest, when it
comes to the weight lost of at least 5% standard, patients
treated with lorcaserin 10mg twice daily gave better data
than with placebo (BLOOM (47% vs. 20%), BLOSSOM
(47% vs. 25%), BLOOM-DM (37% vs. 16%)), and the
weight lost of at least 10% standard shows the same
results (BLOOM (23% vs. 8%), BLOSSOM(23% vs.
10%), BLOOM-DM(16% vs. 4%)). The only study
involved where patients took lorcaserin for 2 years shows
that an average weight loss of 5.6 kg, compared with
2.4 kg in the placebo group. Using locraserin can also
decrease blood pressure, triglycerides, total cholesterol
and low-density lipoprotein cholesterol. For diabetic
patients, lorcaserin treatment can reduce body weight
and improve glycated hemoglobin concentrations.
As one of the central appetite suppressants, lorcaserin
is relatively well-tolerated. Common side effects of
locraserin were headache, dizziness, nausea, dry mouth,
constipation and fatigue (77). However, selective
serotonin reuptake inhibitors (SSRIs) or monoamine
oxidase inhibitors (MAOIs) should not be used with
locraserin to avoid the risk of serotonin syndrome.
Warnings of valvular heart disease and hypoglycemia are
on the drug label. Last but not the least, like all the other
weight loss medications, lorcaserin should be avoided in
pregnancy.
7.3. Combination of phentermine-topiramate approved
by FDA for long-term use: Phentermine/Topiramate ER
(marketed as Qsymia)
The first FDA approved long-term anti-obesity
combination drug was an extended release (ER)
combination of phentermine and topiramate (marketed
as Qsymia) in 2012 (78). Phentermine is an adrenergic
agonist that reduces weight by activating the sympathetic
nervous system and releasing endorphins to reduce
energy intake and increase expenditure. Topiramate
was approved by FDA to treat epilepsy and migraine
prophylaxis. It has the effect of reducing weight through
promoting taste aversion and reducing caloric intake.
Combining these two with lower doses, at starting
dose phentermine 3.75 mg and topiramate 23 mg, a

recommended dose 7.5 mg and 46 mg respectively, and
full dose 15 mg and 92 mg respectively, can reduce side
effects and obtain weight loss results.
Three essential clinical trials were carried out
(EQUIP, CONQUER and SEQUEL) (79). Treatment
with Qsymia 56 weeks can obtain percent weight loss of
approximately 10.6% (15/92 mg), 8.4% (7.5/46 mg,), and
5.1% (3.75/23 mg), respectively (p < 0.0001). 2 years
study (SEQUEL) shows 9.3% (7.5/46mg) and 10.5%
(15/92 mg) weight loss from baseline were sustained
(p < 0.0001). Qsymia treatment can also reduce fasting
triglycerides, fasting glucoses and waist circumference in
obese patients.
Using a lower dose of these two drugs minimizes
risks and adverse effects. The most common side effects
of Qsymia were dizziness, paraesthesias, insomnia,
dysgeusia, dry mouth and constipation. Like the other
than-orexiants or nonselective monoamine oxidase
inhibitors, Qsymia may induce the potential risk of
cardiovascular and central nervous system effects (80).
Besides, Qsymia may increase the risk of oral clefts and
other craniofacial defects, and thus it should be avoided
during pregnancy and lactation.
7.4. Combination of Naltrexone and Bupropion approved
by FDA for long-term use: Naltrexone SR/Bupropion SR
(marketed as Contrave)
Contrave is an extended-release tablet combining an
opioid receptor inhibitor (naltrexone) and a dopamine
and norepinephrine reuptake antagonist (bupropion)
(81). It is the fourth long-term weight management
medication approved by US FDA, in September 2014.
Bupropion has been approved to treat depression and
smoking cessation. Bupropion reduces weight by
inhibiting reuptake of dopamine and norepinephrine to
decrease the food activated reward system. Naltrexone
has been approved to treat opioid and alcohol
dependence and inhibiting opioid receptors may slow
weight gain.
Four unique phase 3 studies of Contrave, all named
as CONTRAVE Obesity Research (COR), involving
approximately 4500 overweight and obese participants
have proved efficacy and safety (82). COR-I trial
shows that the mean change in body weight was 25.4%
in 360/32 mg Contrave group, while 21.3% in the
placebo group. As to clinically significance of at least
5% reduction in body weight, 42% patients in Contrave
group and 17% in placebo group met this standard. In
the COR-Diabetes trial, 44.5% in Contrave group and
18.9% in placebo group met the at least 5% reduction
in body weight standard (p < 0.001). Contrave can also
reduce HbA1c (0.6% vs. 0.1% in placebo group) and
reduce waist circumference, visceral fat, triglycerides
and increase HDL cholesterol.
For bupropion, the safety concerns are hypertension,
depression and seizures, and for naltrexone, opioid
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overuse and acute opioid withdrawal should be
considered (83). On the label, Contrave warns the
increased risk of depression and suicidal behavior, which
is the side effect of bupropion alone, but not shown in the
clinical trials of the combination. Contrave can't be used
in patients with uncontrolled high blood pressure because
of the potential of raising blood pressure and heart rate.
Seizure patients and those already taking opioids should
avoid using Contrave
7.5. GLP-1 receptor agonist approved by FDA for long
term use: Liraglutide 3.0 mg (marketed as Saxenda)
It has long been considered that analogs of naturally
occurring gut hormones (GLP-1, oxyntomodulin, PYY,
ghrelin, et al.) engaged in energy balance regulation
may represent a specific and low side-effect approach in
the treatment of obesity. Liraglutide is a GLP-1 receptor
agonist that has 97% homology to native GLP-1. After
approval by US FDA to treat type 2 diabetes at a 1.5
mg dosage in 2010, the 3.0 mg dosage of liraglutide
(marked name Saxenda) was approved to treat obesity
in December 2014 (84).
Phase III studies have shown that compared with
placebo and cognitive behavioral intervention, Saxenda
treatment can achieve more weight loss, in the range
of 26% to 28%. Data confirm that after using Saxenda,
patients have shown improvements in systolic and
diastolic blood pressure, LDL and triglycerides reduction,
HDL cholesterol increasing and waist circumference
reduction (85). Besides, Saxenda can improve glycemic
control in a weight loss independent manor.
As to the side effects, some patients have shown
transient nausea and vomiting. Of note is that Saxenda
can increase heart rate slightly, which is opposed by
its cardioprotective properties. A black box warning
of Saxenda said it may increase the risk of thyroid
C-cell tumors because Saxenda causes C-cell tumors
in rodents but not in humans. Patients with a personal
or family history of Multiple Endocrine Neoplasia or
medullary thyroid carcinoma should avoid liraglutide
for safety concerns. As with all the other weight loss
drugs, Saxenda is contraindicated in pregnancy or
hypersensitivity patients. Clinical trials have shown the
potential risks of mild or moderate pancreatitis, thus the
drug should be stopped if acute pancreatitis is suspected
(86). Phase 3 studies also report cholecystitis and
cholelithiasis, but whether it was caused by the drug or
weight loss is uncertain.

and Phendimetrazine (1959). These compounds work
by stimulating adrenergic neurotransmitter pathways
in the brain, however, they have varying degrees of
amphetamine-like side effects, including insomnia,
nervousness and irritability (87). They are approved only
for use of less than 12 weeks (short-term use) and have
the potential for abuse. There are no studies that support
long-term use of these agents and the evidence that
weight regain occurs when administration of these drugs
is ceased limit the application of them.
8. Conclusion
Obesity has been recognized as a worldwide epidemic of
the 21st century. In the past 30 years, obesity increased
rapidly and obesity-related diseases surged. It is a
complex medical problem with poor pharmacotherapybased management. The major goal of obesity treatment
is to reduce body weight, diminish the risk of weight
associated disorders and to prevent regaining the lost
weight. Despite the fact that obesity has become the most
significant problem worldwide, efficient medication is
limited and potential serious side effects associated with
these drugs always outweigh the advantages. Bariatric
surgery achieves greater and more sustained weight loss
than non-surgical management in patients with severe
obesity. However, not all patients can accept surgery.
Until now, studies show that the most effective way
to prevent overweight and obesity during menopause
is to follow a proper diet and do physical activity.
That's why lifestyle interventions are required for all
treatments. In the foreseeable future, lifestyle changes,
like reducing fat intake and regular exercise, are still the
most reliable way to lose weight. In order to achieve the
desired outcomes, all patients (taking drugs or not) must
combine treatment with lifestyle intervention to achieve
sustained weight loss.
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Summary

Major depressive syndrome (so-called depression) is a common but serious mental disease
that causes low mood. Most patients are treatable, mainly because of high response rates for
medicines such as selective serotonin-reuptake inhibitors (SSRIs). However, there are still a
considerable number of patients with refractory or drug-resistant depression. On the other
hand, recent findings suggest that angiogenesis, i.e., making new blood vessels, could have an
important role in the recovery from depressive disorders, at least in part. It has been reported
that the brain capillaries are physiologically capable of undergoing angiogenesis upon
stimuli such as exercise and SSRIs seem to accelerate brain angiogenesis. Drugs targeting
angiogenesis may possibly be another good concept. In addition, the blood brain barrier
(BBB), which is a major obstacle for drug development for the central nervous system, would
be circumvented. Here I summarize the reports that relate angiogenesis to a cure for major
depression and discuss some of the potential molecular targets.
Keywords: BBB, VEGF, pericyte, vasculogenesis, SERT

1. Introduction
The brain is filled with blood vessels. The mean
distance from the center of the neuronal somata to the
closest microvessel is reported to be 15 microns (1) and
is of a certain variety (2,3). In the brain, angiogenesis,
the process involving the budding and stretching of new
brain capillaries from existing vasculatures, has been
reported to be induced by physical exercise (4-7) in
addition to normal growth in infancy (8).
Major depressive syndrome (so-called depression)
is a common (~10%) and serious mental disease with
long episodes of low mood, that can sometimes lead
to suicide. The response rate for anti-depressants such
as selective serotonin-reuptake inhibitors (SSRIs) is
relatively high, and, together with good counseling
therapy and changing the stressful environment, most
patients recover well. However, there are a considerable
number of drug-resistant patients. Most refractory
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patients stay socially inactive, and their life is heavily
dependent on the support of families and social welfare
systems. Thus, 'drug discoveries and therapies' are
eagerly awaited.
Recent findings suggest that brain angiogenesis may
be important in the recovery from depressive disorders,
at least in some cases. Thus, here I will summarize these
reports and focus on efficient cures.
1.1. Mechanism of angiogenesis
Angiogenesis is physiologically necessary for wound
healing. It also has been highly studied in cancer
development, and anti-angiogenic drugs have become
good anti-cancer agents. Metabolically active cells such
as growing tumor cells and working neurons should
consume oxygen and enter an ischemic state. Ischemia is
a trigger for cells to express then secrete an angiogenic
factor, vascular endothelial growth factor (VEGF) (6),
and this facilitates the growth and motility of endothelial
cells for making new vessels. Since nutrients and oxygen
supplied by vasculature are critical for neuronal function,
angiogenesis is thought to work as the adaptive 'supply
on demand system'.
Angiopoietin 2 (Ang-2) secreted by ischemic cells
works as the first signal to make new vasculatures.
Upon stimulation, the endothelial cells (or another
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vessel cell, pericytes) secrete a protease and move
inside, then, upon further stimulation by VEGF, grow
then elongate as a tubule of the immature vessels. A
brain capillary has a single endothelial layer folded by
pericytes, then these pericytes follow to complete the
structure, while pericytes may go faster (9).
The two secreted factors can dominate angiogenesis.
Actually, mice treated with a VEGF protein infusion
plus Ang-2 expression by a virus vector had significantly
increased microvessels in their brains (10), while
the mechanism to protect fragile newborns during
angiogenesis from blood pressure is yet to be determined
(Figure 1).
1.2. SSRI
SSRIs, the selective serotonin-reuptake inhibitors such as
Fluoxetine and Paloxetine, are the major antidepressants
currently used. Actually, whether patients show any signs
of recovery by taking these drugs is the main branch
point to 'drug-resistance'. The SSRIs inhibit the action
of a molecule called serotonin transporter (SERT) and
increase local concentrations of serotonin. Serotonin (Ser)
is an amino acid that can be synthesized from tryptophan
in serotonergic neurons in the brain, and works as a
neurotransmitter/neuromodulator that regulates mood.
SERT at the presynaptic terminal of neurons reuptake
the released Ser, thus the SSRI enhances the action
of Ser through inhibiting SERT and increasing Ser
concentration in the synapses.
However, SSRIs are mysterious drugs. Their effects
as antidepressants take a few to several weeks to become

Figure 1. Diagram of the mechanism of angiogenesis in
general. Blue arrow indicates progression of angiogenesis
steps. Angiogenesis was induced by ischemia around the
vessel. It evokes secretion of protease from the vessel cells,
then the some of endothelial cells move into the tissue. They
form tubules and grows till the tip cells from artery and vein
meet. The detailed feature in the brain including the mechanism
to protect fragile newborn vessels (brancket) from blood
circulation is not well understood. Especially, in the brain,
there should be multiple mechanisms for that, because the
risk of hemorrhage (bleeding in the brain) should be avoided.
SERT, the target of SSRI, might have some roles because it is
expressed in the smallest of brain capillaries (13) and Ser can
act as a vasoconstrictor (12).

evident, even though the action on the SERT molecule
is rapid. Furthermore, the mechanism of how SSRIs go
through the blood brain barrier into the brain is not well
known.
Ser has many other functions in the body. It
accelerates angiogenesis in-vivo via a receptor on
endothelial cells (11). The intriguing thing is its role
in hemostasis as a vasoconstrictor (12). Ser is released
from activated platelets. Vasoconstriction activity stops
or slows blood flow by this activity and generally
protects injured vessel walls. SERT, the target of SSRIs
has been found in the smallest of brain capillaries (13),
while the role at the loci is not well understood. There
is a possibility that Ser increased by SERT contracts the
vessel to protect the site of angiogenesis in progress.
2. Angiogenesis might act as a cure for depression via
neurogenesis
The hippocampal dentate gyrus is a particular place
where many neuronal progenitors reside, and they
keep on generating new neurons even in adults. This
generation of neurons is called neurogenesis, and this
has attracted attention as the target for SSRIs, because
chronic administration of antidepressants up-regulates
neurogenesis (14) and this cellular response is required
for the effects of the drugs (15). I studied circuit
generation by newly-born hippocampal granule cells
(16) and considered that neurogenesis promotes the
formation of novel neuronal circuits. The newly formed
circuits would provide a curative effect for depression
probably by supporting a different way of thinking.
On the other hand, there are some reports describing
that angiogenesis acts on the SSRI-induced upregulation
of neurogenesis (17-19). If this is true, angiogenesis
may be a more promising phenotypic target for future
drugs, because blood vessels are on the accessible side
of the blood brain barrier (BBB). In addition, the action
of angiogenesis will widely affect whole regions of the
brain.
Another factor in the support for the role of
neurogenesis in anti-depressive effects is in the treatment
for drug-resistant depression, electric stimulation which
stimulated neurogenesis. Also in this case, angiogenesis
is accelerated (20).
Physical exercise has been known to have good
effects on mental health (22), and it also has antidepressant effects. At least in animals, angiogenesis seems
to be indispensable, because an injection of an inhibitor
for angiogenesis, not directly of neurogenesis, halted
neurogenesis and deteriorated the action of exercise (5).
3. Relationship of angiogenesis-deficiency and
refractive depression
The patients' status related to angiogenesis is summarized
as follows.
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Figure 2. Accordance in action of factors on angiogenesis
and on depressive disorder. There seems to be a good
accordance in factors for angiogenesis and cure for depressive
disorder, as if angiogenesis accompanies with the remedy
of this disease. In this figure, red and blue arrows show the
orientation of the effect of boxed factors for the included
phenotypes.
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(GC) is the so-called ‘stress hormone’, and is released
from the adrenal gland upon mental and physical stress.
It is reported to inhibit angiogenesis induced by electric
shocks (25) and to damage pericytes forming brain
capillaries (26).
Post stroke depression is a type of refractory
depression seen in 20-60% of survivors of brain stroke.
In these patients having depressive symptoms, serum
interleukin (IL)-18 on day 7 was independently associated
with incident post-stroke depression (27). IL-18 has
been known to suppress angiogenesis (28), probably via
interferon-γ (29). There is also a report on tumor necrosis
factor (TNF)-alpha, showing a significant inverse
correlation between TNF-alpha and EPC levels (21).
If there are obstacles for angiogenesis in the patients
of refractory depression, removal of them might be a
good concept for drug-development. Since anti TNFalpha drugs are already on the market, research on the
patients' mood may reveal a causal relationship.

3.1. Angiogenesis deficiency in patients suffering from
depression

4. Angiogenic regulators that might be future clues
for remedy

One of the signs of angiogenesis is said to be
circulating endothelial progenitor cells (EPC). There is
a report on decreased numbers of circulating EPCs in
patients with a current episode of major depression with
a significant inverse relationship between EPC levels
and the severity of their depressive symptoms (21).
A group of patients with major depressive disorders
in general had a significantly higher VEGF level in
serum concentration, while patients who had attempted
suicide had a lower VEGF serum level compared to
patients who had not attempted suicide (22). Further
correlation analysis would be required for the patients.
The accumulation of data on VEGF-related drugs may
become clues in linking angiogenesis to the disease.

As endogenous angiogenic regulators, the major
ones are angiopoietin 2 and VEGF (10). Leptin, a
satiety factor that supresses appetite, also works as
an angiogenic factor (30,31), while serum levels of
leptin were independently associated with post-stroke
depression (32). Brain-specific angiogenesis inhibitor
2 (BAI2), that correlate with anti-angiogenesis in the
brain, might be a candidate target protein, because
BAI2 gene disruption in deficient mice showed
significant antidepressant-like behavior (33).
In foods, there are reports of anti-angiogenic
materials. For example, resveratrol in wine (34,35)
curcumin in turmeric (36,37) and 6-gingerol in ginger
(38,39) have all been reported to inhibit angiogenesis,
even though they are seemingly good for the body.
Ingesting too much of these foods would inhibit
angiogenesis and might worsen depressive disorders.
More extensive research on these effectors would
provide clues for the remedy of depressive symptoms.

3.2. Genetically different VEGF in a portion of the
patients
There are reports on genetics. One is VEGF
polymorphism associated with treatment-resistant
depression (23,24).
The other is on VEGF receptor gene polymorphism.
It is in patients with a recurrent depressive disorder, not
exactly matched for the refractory one, that distribution
of the polymorphism differs significantly in patients
compared to that of healthy subjects (7).
3.3. Increased anti-angiogenic factors in refractory
depression
As above, genetically different patients would show
insufficient angiogenesis that may lead to drug resistance.
In addition, there may be a possible contribution of antiangiogenic factors. Corticosterone or glucocorticoid

5. Conclusion
There seems to be good reasons to think about
angiogenesis as a therapeutic target for refractory
depression, because there seems to be an accordance
in roles of factors for angiogenesis and for depressive
disorders (Figure 2). Extensive research on the above
mentioned effectors should be further performed in
light of angiogenesis and recovery from depression.
Acknowledgements
This work was supported by the Ministry of Education,
Science, Sports and Culture, Grant-in Aid for Scientific

www.ddtjournal.com

77

Drug Discoveries & Therapeutics. 2016; 10(2):74-78.

Research (A, 26250041) and JST Core Research for
Evolutionary Science and Technology.
References
1.

2.

3.

4.

5.

6.

7.

8.

9.
10.

11.

12.
13.

Tsai P S, Kaufhold J P, Blinder P, Friedman B, Drew P
J, Karten H J, Lyden P D, Kleinfeld D. Correlations of
neuronal and microvascular densities in murine cortex
revealed by direct counting and colocalization of nuclei
and vessels. J Neurosci. 2009; 29:14553-14570.
Wu J, Guo C, Chen S, Jiang T, He Y, Ding W, Yang Z, Luo
Q, Gong H. Direct 3D Analyses Reveal Barrel-Specific
Vascular Distribution and Cross-Barrel Branching in the
Mouse Barrel Cortex. Cerebral cortex. 2016; 26:23-31.
Wu J, He Y, Yang Z, Guo C, Luo Q, Zhou W, Chen S, Li
A, Xiong B, Jiang T, Gong H. 3D BrainCV: Simultaneous
visualization and analysis of cells and capillaries in a
whole mouse brain with one-micron voxel resolution.
NeuroImage. 2014; 87:199-208.
Kerr A L, Steuer E L, Pochtarev V, Swain R A.
Angiogenesis but not neurogenesis is critical for normal
learning and memory acquisition. Neuroscience. 2010;
171:214-226.
Kiuchi T, Lee H, Mikami T. Regular exercise cures
depression-like behavior via VEGF-Flk-1 signaling in
chronically stressed mice. Neuroscience. 2012; 207:208217.
Black J E, Isaacs K R, Anderson B J, Alcantara A A,
Greenough W T. Learning causes synaptogenesis, whereas
motor activity causes angiogenesis, in cerebellar cortex
of adult rats. Proceedings of the National Academy of
Sciences of the United States of America. 1990; 87:55685572.
Galecki P, Orzechowska A, Berent D, Talarowska M,
Bobinska K, Galecka E, Lewinski A, Maes M, Szemraj J.
Vascular endothelial growth factor receptor 2 gene (KDR)
polymorphisms and expression levels in depressive
disorder. J Affect Disord. 2013; 147:144-149.
Risser L, Plouraboue F, Cloetens P, Fonta C. A
3D-investigation shows that angiogenesis in primate
cerebral cortex mainly occurs at capillary level. International
journal of developmental neuroscience : The official
journal of the International Society for Developmental
Neuroscience. 2009; 27:185-196.
Gerhardt H, Betsholtz C. Endothelial-pericyte interactions
in angiogenesis. Cell and tissue research. 2003; 314:1523.
Zhu Y, Lee C, Shen F, Du R, Young W L, Yang G Y.
Angiopoietin-2 facilitates vascular endothelial growth
factor-induced angiogenesis in the mature mouse brain.
Stroke; a journal of cerebral circulation. 2005; 36:15331537.
Profirovic J, Strekalova E, Urao N, Krbanjevic A,
Andreeva A V, Varadarajan S, Fukai T, Hen R, UshioFukai M, Voyno-Yasenetskaya T A. A novel regulator of
angiogenesis in endothelial cells: 5-hydroxytriptamine 4
receptor. Angiogenesis. 2013; 16:15-28.
Machida T, Iizuka K, Hirafuji M. 5-hydroxytryptamine
and its receptors in systemic vascular walls. Biol Pharm
Bull. 2013; 36:1416-1419.
Yo u n g L W, D a r i o s E S , Wa t t s S W. A n
immunohistochemical analysis of SERT in the blood-brain
barrier of the male rat brain. Histochem Cell Biol. 2015;
144:321-329.

14. Duman R S, Nakagawa S, Malberg J. Regulation
of adult neurogenesis by antidepressant treatment.
Neuropsychopharmacology : Official publication of the
American College of Neuropsychopharmacology. 2001;
25:836-844.
15. Schmidt H D, Duman R S. The role of neurotrophic
factors in adult hippocampal neurogenesis, antidepressant
treatments and animal models of depressive-like behavior.
Behav Pharmacol. 2007; 18:391-418.
16. Tamura M, Tamura N, Ikeda T, Koyama R, Ikegaya Y,
Matsuki N, Yamada M K. Influence of brain-derived
neurotrophic factor on pathfinding of dentate granule cell
axons, the hippocampal mossy fibers. Molecular brain.
2009; 2:2.
17. Newton S S, Duman R S. Regulation of neurogenesis and
angiogenesis in depression. Curr Neurovasc Res. 2004;
1:261-267.
18. Nakafuku M, Grande A. Neurogenesis in the Damaged
Mammalian Brain. Comprehensive Developmental
Neuroscience: Patterning and Cell Type Specification in
the Developing CNS and PNS. Elsevier; 2013, pp. 552608.
19. Boldrini M, Hen R, Underwood M D, Rosoklija G
B, Dwork A J, Mann J J, Arango V. Hippocampal
angiogenesis and progenitor cell proliferation are
increased with antidepressant use in major depression.
Biological psychiatry. 2012; 72:562-571.
20. Hellsten J, West M J, Arvidsson A, Ekstrand J, Jansson L,
Wennstrom M, Tingstrom A. Electroconvulsive seizures
induce angiogenesis in adult rat hippocampus. Biological
psychiatry. 2005; 58:871-878.
21. Dome P, Teleki Z, Rihmer Z, Peter L, Dobos J, Kenessey I,
Tovari J, Timar J, Paku S, Kovacs G, Dome B. Circulating
endothelial progenitor cells and depression: A possible
novel link between heart and soul. Mol Psychiatry. 2009;
14:523-531.
22. Berent D, Macander M, Szemraj J, Orzechowska
A, Galecki P. Vascular endothelial growth factor A
gene expression level is higher in patients with major
depressive disorder and not affected by cigarette smoking,
hyperlipidemia or treatment with statins. Acta Neurobiol
Exp (Wars). 2014; 74:82-90.
23. Viikki M, Anttila S, Kampman O, Illi A, Huuhka M,
Setala-Soikkeli E, Mononen N, Lehtimaki T, Leinonen E.
Vascular endothelial growth factor (VEGF) polymorphism
is associated with treatment resistant depression. Neurosci
Lett. 2010; 477:105-108.
24. Galecki P, Galecka E, Maes M, Orzechowska A, Berent
D, Talarowska M, Bobinska K, Lewinski A, Bienkiewicz
M, Szemraj J. Vascular endothelial growth factor gene
(VEGFA) polymorphisms may serve as prognostic factors
for recurrent depressive disorder development. Progress
in neuro-psychopharmacology & biological psychiatry.
2013; 45:117-124.
25. Ekstrand J, Hellsten J, Wennstrom M, Tingstrom A.
Differential inhibition of neurogenesis and angiogenesis
by corticosterone in rats stimulated with electroconvulsive
seizures. Progress in neuro-psychopharmacology &
biological psychiatry. 2008; 32:1466-1472.
26. K a t y c h e v A , Wa n g X , D u ff y A , D o r e - D u ff y P.
Glucocorticoid-induced apoptosis in CNS microvascular
pericytes. Developmental neuroscience. 2003; 25:436-446.
27. Yang L, Zhang Z, Sun D, Xu Z, Zhang X, Li L. The serum
interleukin-18 is a potential marker for development of
post-stroke depression. Neurol Res. 2010; 32:340-346.

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2016; 10(2):74-78.
28. Cao R, Farnebo J, Kurimoto M, Cao Y. Interleukin-18 acts
as an angiogenesis and tumor suppressor. FASEB J. 1999;
13:2195-2202.
29. Deng J, Liu X, Rong L, Ni C, Li X, Yang W, Lu Y, Yan
X, Qin C, Zhang L, Qin Z. IFNgamma-responsiveness of
endothelial cells leads to efficient angiostasis in tumours
involving down-regulation of Dll4. J Pathol. 2014;
233:170-182.
30. Cao R, Brakenhielm E, Wahlestedt C, Thyberg J, Cao Y.
Leptin induces vascular permeability and synergistically
stimulates angiogenesis with FGF-2 and VEGF.
Proceedings of the National Academy of Sciences of the
United States of America. 2001; 98:6390-6395.
31. Bouloumie A, Drexler H C, Lafontan M, Busse R.
Leptin, the product of Ob gene, promotes angiogenesis.
Circulation research. 1998; 83:1059-1066.
32. Jimenez I, Sobrino T, Rodriguez-Yanez M, Pouso M,
Cristobo I, Sabucedo M, Blanco M, Castellanos M, Leira R,
Castillo J. High serum levels of leptin are associated with
post-stroke depression. Psychological medicine. 2009;
39:1201-1209.
33. Okajima D, Kudo G, Yokota H. Antidepressantlike behavior in brain-specific angiogenesis inhibitor
2-deficient mice. J Physiol Sci. 2011; 61:47-54.
34. Chen P L, Easton A S. Anti-angiogenic effects of
resveratrol on cerebral angiogenesis. Curr Neurovasc Res.

78

2011; 8:14-24.
35. B r a k e n h i e l m E , C a o R , C a o Y. S u p p r e s s i o n o f
angiogenesis, tumor growth, and wound healing by
resveratrol, a natural compound in red wine and grapes.
FASEB J. 2001; 15:1798-1800.
36. Arbiser J L, Klauber N, Rohan R, Van Leeuwen R, Huang
M T, Fisher C, Flynn E, Byers H R. Curcumin is an in
vivo inhibitor of angiogenesis. Mol Med. 1998; 4:376-383.
37. Wang F, He Z, Dai W, Li Q, Liu X, Zhang Z, Zhai D,
Chen J, Chen W. The role of the vascular endothelial
growth factor/vascular endothelial growth factor
receptors axis mediated angiogenesis in curcumin-loaded
nanostructured lipid carriers induced human HepG2 cells
apoptosis. J Cancer Res Ther. 2015; 11:597-605.
38. Kim E C, Min J K, Kim T Y, Lee S J, Yang H O, Han S,
Kim Y M, Kwon Y G. [6]-Gingerol, a pungent ingredient
of ginger, inhibits angiogenesis in vitro and in vivo.
Biochemical and biophysical research communications.
2005; 335:300-308.
39. Brown A C, Shah C, Liu J, Pham J T, Zhang J G, Jadus
M R. Ginger's (Zingiber officinale Roscoe) inhibition
of rat colonic adenocarcinoma cells proliferation and
angiogenesis in vitro. Phytother Res. 2009; 23:640-645.
(Received January 4, 2016; Revised February 9, 2016;
Accepted February 10, 2016)

www.ddtjournal.com

79

Drug Discoveries & Therapeutics. 2016; 10(2):79-81.

Mini-Review

DOI: 10.5582/ddt.2016.01004

A link between vascular damage and cognitive deficits after
whole-brain radiation therapy for cancer: A clue to other types of
dementia?
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Summary

Whole brain radiation therapy for the treatment of tumors can sometimes cause cognitive
impairment. Memory deficits were noted in up to 50% of treated patients over a short period
of several months. In addition, an increased rate of dementia in young patients has been noted
over the longer term, i.e. years. A deficit in neurogenesis after irradiation has been postulated
to be the main cause of cognitive decline in patients, but recent data on irradiation therapy
for limited parts of the brain appear to indicate other possibilities. Irradiation can directly
damage various types of cells other than neuronal stem cells. However, this paper will focus
on injury to brain vasculature leading to cognitive decline since vessels represent a better
therapeutic target for drug development than other cells in the brain because of the bloodbrain barrier.
Keywords: Irradiation, angiogenesis, memory, learning, cognitive deficits, Alzheimer disease

1. Introduction
Whole brain radiation therapy (WBRT) is commonly
used for the treatment of brain tumors and cancers with
brain metastasis. Since growing cells such as tumor
cells are more sensitive to irradiation than normal
cells, irradiation can be used to kill the malignant cells
and improve the survival rate in patients with tumors.
However, cognitive impairment is a well-documented
consequence of WBRT (1-4). In addition to acute
encephalopathy (5,6), memory deficits have been noted
in up to 50% of patients undergoing WBRT over a short
period of several months. In addition, WBRT is reported
to increase the rate of dementia three-fold in younger
patients (< 65 years old, up to around 0.2% of irradiated
persons) (7) and to lower the intelligence quotient (IQ) of
children (8) over the longer term, i.e. years.
A deficit in neurogenesis has been postulated to be
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the main cause of cognitive decline (9-11), but recent
data on irradiation therapy (RT) for various parts of the
brain appear to indicate the complex causes of cognitive
deficits. Analysis indicated that different regions are of
varying importance when performing certain cognitive
tasks, suggesting that hippocampal neurogenesis
alone may be an oversimplification of the brain injury
processes occurring after RT (12).
Irradiation can directly damage various types of
cells other than neuronal stem cells for neurogenesis
(13), but the current paper will focus on injury to the
brain vasculature leading to cognitive decline. This
is, at least partially, because vessels represent a better
therapeutic target for drug development than other cells
in the brain because of the blood-brain barrier.
2. Small blood vessels in the brain
The brain has an elaborate vascular system. Arteries and
veins are joined by a fine network of capillaries that are
intertwined with the surrounding neuronal architecture
(14,15). A brain capillary has an endothelial cell layer
tightly surrounded by thin pericytes and the diameter
is often smaller than 10 micrometers (16). Since red
blood cells are around 13 micrometers in diameter and
monocytes are 22 (17), cells shinny through the dilated
thin tubules in a physiological state. The mean distance
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from the center of the neuronal somata to the closest
microvessel is 15 microns (14). Neurons need a supply
of nutrients and oxygen from vessels and would be
affected by any defect in the immediate vasculature.
3. Radiation sensitivity of vascular cells
The endothelial cells of brain capillaries and their
surrounding pericytes are known to display certain
characteristics. Although these characteristics are not
fully understood, studies have described their relationship
to radiation.
3.1. Cell viability
AA study compared rat primary cerebromicrovascular
endothelial cells in culture to neurons, microglia, and
astrocytes in terms of their sensitivity to radiation. The
endothelial cells had marked sensitivity to radiation (a
~2-fold larger number of dead cells) (18).
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animals. Two effective remedies were memantine
(26,27) and donepezil (28,29). Both are drugs to treat
Alzheimer's disease and both have different targets of
action (30).
Some recent studies of Alzheimer's disease have
suggested that vascular defects in small capillaries
may play a central role (31-34). In addition, cognitive
decline as a result of radiation and cognitive decline
as a result of senile dementia (25,35) seem to have
common features. Animal models using radiation
(1,5,10) would be of great benefit if they can serve
as a general model of dementia because they can be
produced in young animals in a short period of time.
5. Conclusion
Cognitive deficits after whole-brain radiation therapy
for cancer should be studied in light of vascular damage
along with forms of dementia, including Alzheimer's
disease.

3.2. Angiogenesis
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Tenascin C affects mineralization of SaOS2 osteoblast-like cells
through matrix vesicles
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Summary

Tenascin C (TNC) is an extracellular matrix glycoprotein involved in osteogenesis and bone
mineralization. In a previous study, we identified TNC protein located in the matrix vesicles
(MVs) of osteoblasts. MVs are determinant in the mineralization formation. Therefore, we
hypothesize whether TNC can modulate osteoblast mineralization via MVs. In this study, we
demonstrated that the expression level of TNC was increased with osteoblast differentiation
of osteoblast-like SaOS2 cells, and down-regulation of TNC expression by siRNA could
significantly inhibit SaOS2 differentiation toward osteoblasts and mineralization as evidenced
by decreases in ALP activity, mineralized nodule formation, calcium deposition, and downregulation of osteogenic marker genes ALP, and COL1A1. Furthermore, we validated that
TNC located in the MVs of mineralized SaOS2 cells, and that down-regulation of TNC could
decrease MVs mineralization ability in vitro, and the decrease of MVs mineralization ability
was not associated with annexins. In conclusion, in this study, we extended the role of TNC
during osteogenesis previous progresses, and that supported TNC as an important functional
MVs component in modulating osteoblast mineralization.
Keywords: Matrix vesicles, tenascin, mineralization

1. Introduction
Elucidation of novel cellular and molecular mechanisms
in moderating osteoblast mineralization is of great
significance in osteogenesis mechanism research and
bone tissue engineering. During the process of osteoblast
mineralization, matrix vesicles (MVs) function as
an initial or primary nucleation site that may be the
prerequisite to subsequent secondary mineralization
(1,2). Aberrant function of MVs have been observed
in multiple mineralization-defective diseases (3). MVs
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are highly enriched in proteins and lipids (4). Until
now, about 2,000 proteins have been identified to be
located in MVs. However, only a small set of MVs
proteins such as annexins, had been demonstrated to
be involved in osteoblast differentiation. The roles of
most of the MVs proteins during mineralization remain
unclear. Therefore, we hypothesized that these MVsenriched proteins could be specific sources to identify
novel regulators for the physiological and pathological
mineralization process.
Tenascin C (TNC) is an extracellular matrix
glycoprotein synthesized by osteoblasts during bone
growth and morphogenesis (5,6). It has been established
that TNC was implicated in osteoblastic differentiation
and mineralization within bone. In the mechanism,
TNC may act as a mediator of TGF-β-induced new
bone formation (7,8). Additionally, bone morphogenetic
protein (BMP) and Wnt growth factors, or mechanical
loading and stress can also increase TNC expression in
osteoblasts, but via distinct signaling pathways (9,10).
However, little is known about the role of TNC in
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the regulation of osteogenesis and mineralization. In
a previous study, we identified TNC as a novel MVs
protein, and raised our speculation that TNC might
influence the mineralization process during osteoblast
differentiation.
Therefore, in this study, we investigated the effect
of TNC on mineralization formation and MVs activity
in an osteosarcoma-derived osteoblast-like cell line
SaOS2. Our findings suggest that endogenous TNC
helps to maintain the mineralization activity and MVs
function in SaOS2 cells as a novel MVs protein.

37°C for 3 h. Cells were then pelleted by centrifugation
at 3,000 g for 30 min. The supernatant was concentrated
by ultrafiltration using a 100 KD Amicon Ultra filter
(Millipore Corporation, Billerica, MA, USA), and
then mixed with ExoQuick precipitation reagent
(System Biosciences, Mountain View, CA, USA). After
incubation overnight, the mixture was centrifuged at
1,500 g for 30 min to collect the MVs precipitation.

2. Materials and Methods

After treatment with siRNA transfection and osteoblast
induction, ALP expression was assayed by means of
an ALP activity staining kit (GenMed Scientifics Inc.,
USA), and the activity was measured as described
previously (13). Briefly, lysis buffer (25 mM Tris-HCL,
0.5% TritonX-100) was added to precipitated SaOS2
cells and MVs to release ALP at 4°C for 1 h respectively,
and then after incubating with p-nitrophenyl phosphate
(p-NPP) substrate at 37°C for 20 min, the absorbance of
the mixture at 405 nm was measured using a micro plate
reader.
After 6 days of osteoblast differentiation, cells
were fixed with ice-cold 70% ethanol and stained with
Alizarin Red to detect mineralization using a staining
kit according to manufacturer's instruction (GenMed
Scientifics Inc., USA) (14).
Matrix-deposited calcium was quantitatively measured
as described previously (15). Briefly, SaOS2 cells were
decalcified with 0.6 M HCl at 37°C for 12 h. The calcium
content of supernatants was determined using a Calcium
Colorimetric Assay Kit (Bioassay Systems, Carlsbad,
CA, USA), and then the absorbance of the mixture was
measured at 560 nm. After decalcification, cells were
solubilized with 0.1 M NaOH/0.1% SDS at 4°C for 1 h.
The protein content was measured with a BCA Protein
Assay Kit (Thermo Scientific, Rockford, IL, USA), and
the calcium content of the cell layer was normalized by
protein content.

2.1. Cell culture and osteoblast differentiation induction
Human osteosarcoma-derived osteoblast-like cell
line SaOS2 was acquired from the Cell Bank of Type
Culture Collection of the Chinese Academy of Sciences
(Shanghai, China), and was routinely maintained in
McCoy's 5A medium (Gibco, Carlsbad, CA, USA),
supplemented with 15% fetal bovine serum (Gibco,
Carlsbad, CA, USA), 50 U/mL penicillin, and 50 μg/
mL streptomycin (both from Invitrogen, Carlsbad,
CA, USA) at 37°C under 5% CO 2 in a humidified
atmosphere. To induce osteoblast differentiation, SaOS2
cells were treated with 10 mM β-glycerophosphate (βGP) and 50 μg/mL L-ascorbic acid-2-phosphate as
described previously (9).
2.2. siRNA transfection
TNC targeted siRNA and negative control siRNA were
purchased from Guangzhou RiboBio Co., LTD (RiboBio
Co., Ltd., Guangzhou, China). The target gene and
siRNA sequences are shown in Table 1. Fifty nM of
TNC siRNA or negative control siRNA were transfected
using Ribo FECTTM CP Transfection Kit (RiboBio Co.,
Ltd., Guangzhou, China) according to the manufacturer's
protocol. After 3 days of transfection, cells were
collected and subjected to the subsequent analysis.

2.4. Alkaline phosphatase (ALP) activity, AlizarinRed
staining, and measurement of matrix-deposited calcium

2.3. Isolation of MVs

2.5. Quantitative real-time polymerase chain reaction
(RT-qPCR)

MVs were harvested from SaOS2 cells with and
without osteoblast induction, and also from cells with
siRNA transfection and osteoblast induction. MVs were
isolated using a strategy as described previously (11,12).
Briefly, SaOS2 cells were digested with collagenase
Type IA (1 mg/mL, Sigma, St. Louis, MO, USA) at

Total RNA was extracted using Trizol reagent (Gibco,
Carlsbad, CA, USA) and the purified total RNA was
used for cDNA synthesis with a first-strand cDNA
synthesis kit (Toyobo, Osaka, Japan). After the reverse
transcription reaction, cDNA was used as the template
for RT-qPCR of ALP, COL1A1, and TNC. RT-qPCR was

Table 1. The target sequences and the sequences of siRNA
Items

siRNA-1

siRNA-2

Target 5'→3'
Forward 5'→3'
Reverse 3'→5'

CCTGGCCTATAAGCACTTT
CCUGGCCUAUAAGCACUUUdTdT
dTdTGGACCGGAUAUUCGUGAAA

CCAGTTTGCTGAGATGAAA
CCAGUUUGCUGAGAUGAAAdTdT
dTdTGGUCAAACGACUCUACUUU
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Table 2. Quantitative real-time PCR primer sequences
Gene
GAPDH
forward
reverse
ALP
forward
reverse
COL1A1
forward
reverse
TNC
forward
reverse

Sequences5'-3'
GCA CCG TCA AGG CTG AGA AC
ATG GTG GTG AAG ACG CCA GT
CCGTGGCAACTCTATCTTGG
GCC ATA CAG GAT GGC AGT GA
CCC TGG AAA GAA TGG AGA TGAT
ACT GAA ACC TCT GTG TCC CTT CA
GTG CAG AAC TCT CCT GTC CAA AT
ATC TTT GCT CCT TGC AGT CTT TG

carried out using a SYBR Green qPCR Kit (Toyobo,
Osaka, Japan) by LightCycler 480 thermocycler (Roche
Applied Science, Mannheim, Germany). The primer
sequences of target genes that were used in this study are
shown in Table 2.

Figure 1. Expression of TNC during SaOS2 cells
osteogenesis induction and expression after siRNA
transfection. Quantitative real-time PCR analyses of TNC
expression in mRNA level (A) and Western blotting analyses
of TNC expression in protein level (B) during SaOS2 cells
osteogenesis induction; expression of TNC in mRNA (C) and
protein (D) level after siRNA transfection 3 days and 6 days
respectively. Bars are shown as the mean ± S.D., n = 3. **p <
0.01 vs. group 0 d and mock respectively.

2.6. Western-Blot
From each sample, 40 μg aliquots of total protein
was subjected to 7.5% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gels
and transferred to a polyvinylidene fluoride (PVDF)
membrane. After 2 h of blocking with 5% low fat milk
in TBST (10 mM Tris, 100 mM NaCl, and 0.05%
Tween-20), the membrane was incubated overnight at
4°C with specific antibodies against TNC (1:500, Cell
Signaling Technology, Danvers, MA, USA), annexin
2 (AnxA2, 1:500, Proteintech Group, Wuhan, China),
annexin 5 (AnxA5, 1:500, Proteintech Group, Wuhan,
China), annexin 6 (AnxA6, 1:500, Proteintech Group,
Wuhan, China) and GAPDH (1:1,000, Santa Cruz
Biotechnology, Carlsbad, CA, USA).
2.7. MV-collagen calcification assay
MVs-collagen calcification assay was used to
evaluate the mineralization induction activity of MVs
as described previously by Chen et al. with minor
modifications in vitro (16,17). Briefly, isolated MVs
were re-suspended in TBS (pH = 7.6) with 0.25 M
sucrose and then added to type I collagen-coated glass
cover slips, and incubated for 12 h. Then calcification
media (DMEM medium with 15% FBS and 10 mM
β-glycerophosphate) were added, and further incubated
at 37°C for 72 h. To determine the magnitude of
calcification, the MVs-collagen complex was incubated
with 0.6 M HCl for 12 h, and the calcium content of
HCL supernatants was determined as described above.
2.8. Statistics
Measurements in each experiment were run in triplicate.
For quantitative data, results are reported as the mean

± S.D. To determine the differences between groups,
one-way analysis of variance (ANOVA) was carried out
using SPSS software (version 17.0), with significance
accepted at p < 0.05.
3. Results
3.1. Expression of TNC during SaOS2 cells osteogenesis
induction
First, we observed the expression pattern of TNC during
osteogenesis at mRNA and protein levels. As seen in
Figures 1A and 1B, TNC expression was elevated during
SaOS2 osteoblast differentiation in a time-dependent
manner and reached the highest level at 9 days after
induction, suggesting that TNC may play an important
role at the later mineralization stage.
3.2. Effect of TNC siRNA on osteoblast differentiation
of SaOS2 cells
After siRNA transfection, the expression of TNC was
significantly decreased (60%-70%) at both mRNA
and protein levels as measured by RT-qPCR and
Western-blot analyses (Figures 1C and 1D). We further
observed that down-regulation of TNC by siRNA had
a significant inhibitory effect on SaOS2 cell osteogenic
differentiation, as manifested by down-regulated
expression of osteogenic marker genes COL1A1,
and ALP, and decreased ALP activity and matrix
mineralization (Figure 2).
3.3. Effect of TNC siRNA on the function of MVs
We confirmed that TNC protein located in the
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Figure 2. Effect of TNC siRNA on osteoblast differentiation of SaOS2 cells. ALP activity was assayed by means of an ALP
expression staining kit (A) and the activity was measured by p-NPP (B); the calcium deposits in the mineralized matrix were
analyzed by Alizarin Red staining (C) which was quantified at 562 nm (D) and Calcium Assay Kit (E); Western blot analyses of
expression of Runx2, AnxA2, AnxA5, and AnxA6 in siRNA transfected and osteoplastic inducted SaOS2 cells (F); quantitative realtime PCR analyses of expression of osteoplastic marker genes: ALP (G), COL1A1 (H). Bars are shown as the mean ± S.D., n = 3. *p
< 0.05 vs. mock, **p < 0.01 vs. mock, ##p < 0.01, siRNA-1 vs. siRNA-2.

Figure 3. Effect of TNC siRNA on the function of MVs. The activity of MVs was measured by p-NPP (A), and the calcium
deposits caused by MVs in vitro were analyzed by Calcium Assay Kit (B); Western blot analyses of expression of TNC, AnxA2,
AnxA5, and AnxA6 in MVs after siRNA transfection (C). Bars are shown as the mean ± S.D., n = 3. **p < 0.01 vs. mock.

mineralized SaOS2 cell derived MVs, which was
consistent with our previous finding (Figure 3C).
Furthermore, accompanying the decrease of TNC
expression in SaOS2 cells, siRNA also significantly
inhibited TNC expression in MVs derived from
mineralized SaOS2 cells (Figure 3C). Moreover, we
also observed that ALP activity of MVs was markedly
inhibited after TNC siRNA transfection (Figure 3A).
Meanwhile, MVs induced calcium deposition was
significantly decreased by TNC down-regulation (Figure

3B). Therefore, our above findings suggest that TNC
expression is necessary for MVs in directly inducing
mineralization in vitro.
3.4. Effects of TNC siRNA on annexins expression in
SaOS2 cells and MVs
Annexin proteins are confirmed to be functional MVs
components participating in mineralization. Therefore,
we next explored whether there was some association
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between TNC and annexins. We observed the
expression of three annexin members, AnxA2, AnxA5,
and AnxA6 in SaOS2 cells and their released MVs after
TNC siRNA transfection, and found that TNC siRNA
exerted no effect on the expression of three annexins
on both cell and MVs levels (Figure 2F, Figure 3C),
indicating that the influence of TNC on MVs function
seems not to be associated with annexins.
4. Discussion
TNC is an osteoblast-secreted extracellular matrix
protein which is able to stimulate osteoblastic
differentiation and help to maintain the functional state
of cultured osteoblast-like cells including SaOS2 cells
(18,19). Meaningfully, TNC has been indicated to be
associated with chronic kidney disease mineral and bone
disorder, suggesting TNC may act as a key mediator
and target for osteogenesis, especially for mineralization
formation (20).
Most of the previous studies focused on the role
of TNC on the early events of osteogenesis (21). In
this present study, we identified that TNC expression
level reached a peak at the late mineralization stage.
Inhibiting TNC expression can decrease the early
marker genes for osteoblast differentiation such as
COL1A1 and ALP, which was consistent with previous
studies. Moreover, we also observed that TNC downregulation could significantly inhibit late mineralization
as manifested by decreased matrix calcium deposition
and lower COL1A1 gene expression. These findings are
helpful to explain the close association between TNC
and pathologic ossification, and suggest TNC may play
an important role in mediating mineralization.
It has been believed that tenascin is absent from
mineralized bone matrix (22). Different from the
previous study, in this study, we confirmed that TNC
was located in the MVs released from the mineralized
matrix. Matrix vesicles (MVs) are specific membranous
nanovesicles released by cells capable of mineralization
such as chondrocytes, osteoblasts or odontoblasts
(23). It has been shown that MVs play a critical role in
modulating mineralization through modulating the local
Pi/PPi ratio in the mineralizing matrix or providing
initial mineral nucleation sites (24). In this study, for the
first time, we found that the presence of TNC in MVs
is necessary for the normal mineralization function of
MVs.
Currently, over 2,000 proteins have been identified
in MVs. Among them, annexin family transport
proteins, especially, annexin 1, annexin 5, and annexin
6, are key components which have been shown to be
linked to the two key functions of MVs in modulating
mineralization (16,25). However, our results indicate
that TNC cannot affect the expression of annexins in
both cell and MVs levels. This finding suggests that the
role of TNC involving MVs function seems not to be
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associated with annexins. TNC may participate in the
mineralization process directly. Considering a calciumbinding domain existing at the C-terminal end of TNC,
we speculate that TNC may regulate the MVs activity
to initiate mineralization by combining Ca2+ and influx
into MVs, but the exact mechanism needs further
investigation.
In conclusion, our results indicate that TNC plays
an important role during early and late osteoblast
differentiation. For the first time we linked the effect of
TNC on osteoblast mineralization with its regulatory
function on MVs activity. We conclude that TNC is
an important and functional component of MVs that
might participate in physiological and pathological
mineralization.
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Summary

The pH, osmotic pressure (cryoscopy), viscosity, squeeze force, spray angle, and spraying
frequency of nasal spray containing ketotifen fumarate (1 brand-name product and 8
generic products) were measured. Based on the results of pH measurement, all products
were weakly acidic (4.0 to 5.1). For all products, the osmotic pressure ratio to physiological
saline was approximately 1. The viscosity of various products ranged from approximately
1.0 to 1.5 mPa·s. The spray angle of drug solution differed among the products: minimum,
46 degrees (Sawai and Fusachol); and maximum, 68.7 degrees (Sekiton). In particular,
TOA, Sawai, Fusachol, and TYK showed significantly smaller angles compared to Zaditen
(brand-name product). Container properties varied among the products: minimum squeeze
force, 19.0 N (Sekiton); and maximum squeeze force, 43.1 N (Sawai). Based on these results,
although all the above products are identical in dosage form and active ingredient, the
differences in pharmaceutical properties, such as container operations and drug-solution
spraying/attachment, may markedly influence patients' subjective opinions.
Keywords: Brand-name product, generic products, pharmaceutical properties, ketotifen fumarate,
nasal spray

1. Introduction
In Japan, health expenditures have rapidly increased
with the aging of society. Since the establishment of
the Medical System for the Elderly in 2006, the budget
deficits of health insurance societies have exceeded 300
billion yen (6 consecutive years) (1). As a strategy to
efficiently improve the public finance of pharmaceutical
insurance, the widespread use of generic products has
been emphasized, and official name-based prescriptions
have been promoted under the government's policy so
that pharmacists may recommend and deliver generic
products (2). In this prescription system, the selection
of generic products depends on pharmacists' evaluation.
Therefore, pharmacists must select safe, equivalent
*Address correspondence to:
Dr. Fumiyoshi Ishii, Department of Pharmaceutical Sciences,
Meiji Pharmaceutical University, 2-522-1, Noshio, Kiyose,
Tokyo 204-8588, Japan.
E-mail: fishii@my-pharm.ac.jp

generic products from a pharmaceutical point of view,
and explain them to patients.
In March 2015, the National Federation of Health
Insurance Societies published the results of a survey
regarding health insurance societies' health expenditure
in 2013, in which the contents of the total health
expenditure of 609 societies (1,456.4 billion yen)
were investigated (3). According to this report, health
expenditure for respiratory diseases accounted for
15.43%, and was the highest percentage among 19
disease categories. In particular, health expenditure
for allergic rhinitis accounted for 2.93%, the second
highest percentage, following that for asthma (3.07%).
Furthermore, the number of patients with a type of
seasonal allergic rhinitis, hay fever, is still increasing.
In the "Practical Guideline for the Management
o f A l l e rg i c R h i n i t i s i n J a p a n " (4 ) , a s e c o n d generation antihistaminic drug, ketotifen fumarate,
is recommended as a first-choice drug for mild,
rhinorrhea-type moderate, or severe allergic rhinitis.
It exhibits antihistaminic actions (5) by suppressing
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Table 1. Various products used in this experiment
Product name
Zaditen® nasal solution 0.05%
Electer® nasal solution 0.05%
Ketotifen nasal solution 0.05% "TOA"
Sekiton® nasal solution 0.05%
Ketotifen nasal solution 0.05% “CH”
Supdel® nasal solution 0.05%
Ketotifen nasal solution 0.05% "Sawai"
Fusachol® nasal solution 0.05%
Ketotifen nasal solution 0.05% "TYK"

Abbreviated name
Zaditen
Electer
TOA
Sekiton
CH
Supdel
Sawai
Fusachol
TYK

Class

Company

brand-name
generic
generic
generic
generic
generic
generic
generic
generic

Novartis Pharma K. K.
Mylan Seiyaku Ltd.
Toa Pharmaceutical Co., LTD.
Kyorin Rimedio Co., Ltd.
Choseido Pharmaceutical Co., Ltd.
Towa Pharmaceutical Co., Ltd.
Sawai Pharmaceutical Co., Ltd.
Nitto Medic Co., Ltd.
Taisho Pharm. Ind., Ltd

the release of chemical mediators (6), reducing the
hypersensitivity of the nasal mucosa (antiallergic
actions) (7).
In Japan, capsules, syrup, nasal drops, and eye
drops have been approved as the dosage forms of
ketotifen fumarate. In the package inserts of a brandname product, Zaditen, it is described that patients
with allergic rhinitis who responded to capsules and
nasal drops accounted for 59.0% (138/234) and 60.1%
(184/306), respectively; the percentages were similar.
However, the incidences of an adverse reaction of the
central nervous system, sleepiness, were 4.4 and 1.0%,
respectively. Nasal drops have the merit of reducing
adverse reactions. On the other hand, such drops are
characterized by differences in availability, such as
the availability of spraying containers or intranasal
sensation on drug-solution attachment, among products
from different manufacturers, differing from oral
formulations, such as capsules. This leads to switching
of a generic product to the brand-name product in some
cases. In others, switching of the brand-name product to
a generic product improves availability, increasing the
degree of satisfaction (8). The patient-based selection
of formulations may facilitate the use/promotion of
generic products, improving the comfortableness,
degree of satisfaction, and adherence, and leading to
favorable treatment responses.
We previously reported the physical properties of
various formulations with respect to brand-name and
generic products (9-12). However, few studies have
compared the pharmaceutical properties of various
formulations, including brand-name and generic
products. In this study, the pharmaceutical properties
of brand-name and generic products of nasal sprays
containing ketotifen fumarate were investigated
to provide information to patients and health-care
professionals.
2. Materials and Methods

Price (¥)/bottle Serial number
781.1
442.6
442.6
341.1
341.1
341.1
341.1
341.1
341.1

375
M001AU3
S01SF
18KA
WK031
A015
12108
11601
WJ01

agencies, prices, and lot numbers of these products are
presented in Table 1.
2.2. Measurement of pH
The fluid content pH of each nasal-spray preparation was
measured using a Benchtop pH meter F-74 (HORIBA,
Ltd., Kyoto, Japan). Measurement was performed 3
times at 25 ± 5°C, and the mean ± standard deviation
(S.D.) was calculated.
2.3. Measurement of osmotic pressure
The fluid content osmotic pressure of each nasal-spray
preparation was measured using cryoscopy with an
OSMOMAT device (030-D, Gonotec GmbH, Berlin,
Germany). The osmotic pressure ratio to physiological
saline was calculated. Measurement was performed 3
times, and the mean ± S.D. was calculated.
2.4. Measurement of viscosity
The viscosity of the fluid content of each nasal-spray
preparation was measured using a cone-plate-type
rotary viscometer (TPE-100, Toki Sangyo Co., Ltd.,
Tokyo, Japan) at 100 rpm at 3 different temperatures (20,
25, and 35°C). Measurement was performed 3 times,
and the mean ± S.D. was calculated.
2.5. Measurement of power on the finger required for a
mist
Using a ZTS-50N digital force gauge (Imada Co.,
Ltd., Aichi, Japan), each nasal-spray preparation was
covered with a test tube, set in a stand, and pressed
from the upper side for measurement. Measurement
was performed 10 times, and the mean ± S.D. was
calculated.
2.6. Measurement of the mist angle

2.1. Materials
Ethical pharmaceuticals of nasal sprays containing
ketotifen fumarate (1 brand-name and 8 generic products)
were used in this study. The names, manufacturers, sales

Video filming of the mist angle of each nasal-spray
preparation was performed from the side, and the angle
was measured using a protractor. Measurement was
performed 3 times, and the mean ± S.D. was calculated.
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2.7. Measurement of the number of mists
The number of mists from each preparation was
measured at room temperature. The values (%) represent
the number of effective mists as a percentage of the total
number of mists. The total number of mists was defined
as that until the residual drug solution volume became
zero. Based on the results of measurement, the number
of effective mists was defined as the number of mists
until the slope of a graph for the standard deviation
increased. Measurement was performed 3 times, and the
results are expressed as the mean ± S.D.

Figure 1. pH comparison of various products (n = 3). *p <
0.05, **p < 0.01 (brand-name vs. generics, Dunnett's test).

2.8. Investigation of ingredient composition
We investigated the composition of ingredients using
the package inserts and interview form for each sample.
3. Results and Discussion
3.1. Measurement of pH
The nasal mucosal pH is reportedly approximately 5.5
to 6.5 in healthy adults and approximately 7.2 to 8.3
in those with rhinitis (13). On the other hand, a study
reported that when buffer solution was sprayed into the
nasal cavity, the nasal mucosal pH changed through the
effects of the buffer solution (14). We measured the pH
of each preparation. The results are shown in Figure 1.
As shown in Figure 1, all preparations were weakly
acidic: pH range, 4.0 (TYK) to 5.1 (Electer). This was
possibly because the pH was established, considering the
stability of each preparation, based on the finding that the
water solubility of ketotifen fumarate is higher at a lower
pH (15). According to a study, pollen rupture, which is
the process of allergen release from pollen, may occur in
an alkaline state (16). Low-pH preparations may adjust
the nasal cavity, which tends to become weakly alkaline,
to a weakly acid state.
In the package inserts, it is described that the standard
pH values of preparations other than Electer range from
3.8 to 4.6, whereas that of Electer ranges from 4.9 to 5.5.
It was reported that the partition coefficient of ketotifen
was greater at a higher solution pH (17). The absorption
of high-pH preparations through the nasal mucosa may
be promoted with a higher molecule-type percentage of
ketotifen in comparison with low-pH preparations.
3.2. Measurement of osmotic pressure
With respect to the osmotic pressure of nasal spray,
a study using rabbits indicated that the hypotonic
adjustment of preparations improved drug permeability
(18). On the other hand, according to a survey using
guinea pigs, the infusion of low-osmotic-pressure
liquid, such as tap water, led to marked enlargement
of the intercellular space of the nasal mucosa (19).

Figure 2. Osmolarity comparison of the various products (n
= 3). The ratio of osmotic pressure to isotonic saline containing
0.9% NaCl. **p < 0.01 (brand-name vs. generics, Dunnett's
test).

Furthermore, a study regarding the influence of the
osmotic pressure of nebulizer solution on the human
nasal mucosa reported that the administration of
hypertonic salt solution significantly increased the
volume of nasal discharge (20).
To examine the influence of the osmotic pressure of
preparations on the nasal mucosa, nasal discharge, and
drug permeability, the osmotic pressure was measured.
The osmotic pressure ratio of each sample is shown in
Figure 2.
As presented in Figure 2, all preparations showed
an osmotic pressure ratio of approximately 1. It was
possibly established to reduce the influence of stimuli
on the mucosa. Furthermore, these preparations may
have been designed to avoid hypertonic solution-related
nasal discharge.
3.3. Measurement of viscosity
The viscosity of drug solution may influence its
retention at the affected site or dripping. We measured
the viscosity of each preparation. The results are shown
in Figure 3. Concerning temperatures of measurement,
20 and 25°C were established as room temperature, and
35°C as intranasal temperature.
As presented in Figure 3, the viscosity of each
preparation ranged from approximately 1.0 to 1.5
mPa·s. After spraying, more viscous preparations may
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Figure 3. Viscosity comparison of the various products (n
= 3).

Figure 4. Comparison of spray angle of the various
products (n = 3). * p < 0.05, ** p < 0.01 (brand-name vs.
generics, Dunnett's test).

be retained at the affected site without dripping in
comparison with less viscous preparations.
3.4. Measurement of the spray angle of drug solution
The spray angle of drug solution may contribute to
the retention of drug solution at the affected site and
dripping. We measured the spray angle of drug solution
for each preparation. The results are shown in Figure 4.
The spray angle of drug solution differed among the
preparations: 46 (Sawai and Fusachol) to 68.7 degrees
(Sekiton). In particular, the spray angles of TOA, Sawai,
Fusachol, and TYK were significantly smaller than that
of the brand-name product (Zaditen), suggesting that
sprayed drug solution reaches the deep area of the nasal
cavity, reducing the volume of drug solution directly
attached to the lateral side of the nasal cavity. This also
reflects that there is no dripping after spraying, whereas
the effects on symptoms of the lateral side, onto which
drug solution is not readily attached, are reduced.
3.5. Measurement of the force required for spraying
Container-operating properties on spraying contribute to
availability for patients. They may influence adherence.
We measured the finger force required for spraying,
that is, the squeeze force for each sample container. The
results are shown in Figure 5.
The container properties varied among the preparations:
19.0 (Sekiton) to 43.1 N (Sawai). Preparations that
can be sprayed using a relatively light force may be
appropriate for children, females, elderly persons, and
hand-disabled persons, whose finger forces are weak.
When switching from the brand-name product to a
generic product, patients may feel difficulty in spraying,
if the force required for spraying is greater than that for
the brand-name product; caution is needed.
These results showed that there were differences in
the pharmaceutical properties among the products.
Although the efficacy of each product may be similar,
the differences in pharmaceutical properties, such
as container-operating properties and drug-solution
spraying/attachment, may markedly influence

Figure 5. Comparison of squeeze force requirement of the
various products (n = 3). **p < 0.01 (brand-name vs. generics,
Dunnett's test).

availability for patients. As TYK contains peppermint
oil, its scent-related freshness may be obtained on
spraying, but some persons may dislike it. Pharmacists
may play an important role in the selection of nasal
spray, as an external preparation, for which usability
may contribute to adherence, in accordance with
individual patients' needs.
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Summary

Detrimental effects of ionizing radiation (IR) are observed at the doses above 1
Gy. Treatment modalities are available up to doses of 6 Gy including bonemarrow
transplantation and administration of antibiotics. However, exposure to IR doses above 8
Gy results in gastro-intestinal (GI) syndrome characterised by denudated villi, apoptosis of
crypt cells and elevated inflammatory responses. Multiple strategies have been employed
to investigate novel agents to protect against IR induced injury. Since cellular redox
homeostasis plays a pivotal role in deciding the cell fate, present study was undertaken to
explore the potential of 1,4-naphthoquinone (NQ), a pro-oxidant, to ameliorate IR induced
GI syndrome. NQ protected INT 407 cells against IR induced cell death of intestinal
epithelial cells in vitro. NQ induced perturbation in cellular redox status and induced the
activation of nuclear factor-erythroid 2-related factor 2 (Nrf2) pathway. Thiol antioxidant
and inhibitors of Nrf2 pathway abrogated the radioprotection offered by NQ. Further,
knocking down Nrf2 rescind the NQ mediated protection against IR induced cell death. In
conclusion, NQ protects against IR radiation induced GI syndrome in vitro by perturbing
cellular redox and activating Nrf2 pathway. This is the first report highlighting the potential
of a pro-oxidant to ameliorate IR induced GI injury.
Keywords: Radioprotection, cellular redox status, ERK/Nrf2 pathway, Nrf2 knockdown

1. Introduction
Increased use of ionising radiation (IR) as treatment
modality in multiple carcinomas and augmented risk
of unplanned exposure due to nuclear proliferation and
radioactive waste disposal have potentiated the need of
a potent radioprotective agent which would be useful
in multiple operational scenarios. Acute illness caused
due to high doses of IR is termed as acute radiation
syndrome (ARS). ARS is a dose dependent damage
affecting the hematopoietic, gastro-intestinal (GI),
cerebrovascular and cutaneous systems in the body
(1,2). Rapidly proliferating cells and their respective
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organs are more sensitive towards IR induced cell death.
Epithelial cells located in the small intestinal crypts
divide rapidly and are among the most susceptible cells
in the body to IR induced death. Higher susceptibility
of GI tract to IR is the major limiting factor in radiation
therapy of abdominal and pelvic malignancies (3-5).
Acute effects after doses above 8 Gy are known as
gastrointestinal syndrome which causes mortality in 8
to 12 days. GI syndrome is characterized by loss in the
absorptive surface of small intestine called as jejunum
due to denudation of villi and apoptosis in submucosal
invaginations called crypts of Lieberkuhn resulting in
vomiting, diarrhoea, anorexia, dehydration, systemic
infection and septic shock induced death in severe cases
(6). Each crypt in jejunum contains intestinal stem cells
(ISC) at the base which are responsible to supply the
differentiated enterocytes to maintain homeostasis (7,8).
Lineage-tracing experiments illustrated that a Lgr5+ cell
produced terminally differentiated epithelial lineages
of mouse intestine (9). Further, a single Lgr5+ stem cell
is capable of generating crypt/villus organoids in vitro
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containing differentiated intestinal mucosa cell lineages
(10). However, exposure to radiation induces apoptosis
in ISC, thus delimiting their potential to repopulate the
denudated absorptive surface (4,8,11).
Since large part of IR induced damages are mediated
due to generation of reactive oxygen species (ROS),
much of the efforts in past were targeted to explore
the potential of antioxidants to ameliorate IR induced
toxicities. However recent advances have highlighted
that activation of pro-survival pathways could serve
as a novel target in developing a potent radioprotector.
CBLB502 protected against IR induced mortality due
to GI syndrome by activating NF-κB pathway (12).
An anti-ceramide monoclonal antibody protected
against apoptosis in the small intestine and whole
body irradiation (WBI) induced mortility in mice (13).
Lactobacillus probiotic was shown to protect against
WBI induced apoptosis in intestinal epithelial cells
in TLR-2 and cyclo-oxygenase-2 dependent manner
(14). Sphingosine-1-phosphate, a ceramide antagonist,
protected against WBI induced endothelial apoptosis
in intestine by activating Akt pathway (15). R-spondin
1 improved survival percentage in mice exposed to
WBI doses inducing GI syndrome by activating Wnt/
β-catenin pathway (16). Despite of the potent efficacy
of investigated agents, associated toxicity delimits their
use in operational scenarios creating the dearth of agents
with prolonged efficacy, broad specificity, and minimal
toxicity to increase the benefit of radiation therapy in
cancer treatment (2).
Recently, activation of redox sensitive prosurvival transcription factor nuclear factor-erythroid
2-related factor 2 (Nrf2) was shown to protect colonic
epithelial cells from IR induced loss in cell viability
(17). Activation of Nrf2 was shown to protect against
oxidative stress induced cell death implicated in
pathogenesis of ischemia, inflammation and cancer. Nrf2
has been shown to control the expression of intestinal
detoxification and intestinal stem cell proliferation in
drosophila. Previously, 1,4-naphthoquinone (NQ), a
pro-oxidant, was shown to ameliorate radiation induced
hematopoietic syndrome and exhibit anti-inflammatory
effects by activation of Nrf2 pathway (18,19). Based
on the embroiled role of Nrf2 in maintaining intestinal
homeostasis, we hypothesised that modulation of cellular
redox mediated activation of Nrf2 by a pro-oxidant
might provide an adaptive response to confer protection
against radiation induced GI syndrome. In the present
study we highlight the potential of NQ, a pro-oxidant, to
ameliorate radiation induced GI syndrome by activating
Nrf2 pathway.
2. Materials and Methods
2.1. Chemicals
NQ, HEPES, ethylenediaminetetracetate
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(EDTA), ethylene glycol tetraacetic acid (EGTA),
phenylmethylsulfonyl fluoride (PMSF), dimethyl
sulfoxide (DMSO), leupeptin, aprotinin, benzamidine,
dithiothreitol (DTT), dichlorofluorescein diacetate
(H2DCF-DA), penicillin, streptomycin, crystal violet,
N-acetyl cysteine (NAC) and Nonidet P-40 were
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). cDNA synthesis kit, chemiluminiscence kit
and SYBR green PCR mix were procured from Roche
Chemical Co. (San Francisco, CA, USA). Roswell
Park Memorial Institute (RPMI-1640) medium and
fetal bovine serum (FBS) was obtained from HiMedia
(Kennett Square, PA, USA). All-trans-retinoic acid
(ATRA), PD98059 (ERKi) and JC-1 fluorescent
dye were purchased from Calbiochem (Billerica,
Massachusetts, USA). Hoechst 33342 was procured from
Invitrogen (Carlsbad, CA, USA). Antibodies against
pERK, ERK, pMEK, MEK and β-actin were procured
from Cell Signalling Technologies (Danver, MA, USA).
Anti-Nrf2 antibody and oligonucleotide probe for Nrf2
was procured from Santacruz Biotechnology (Santa
Cruz, CA, USA). All other chemicals were purchased
from reputed local manufacturers.
2.2. Cell culture
INT 407 (human intestinal epithelial cell line) cells
were obtained from Health Protection Agency Culture
Collections (HPACC, Salisbury, Wiltshire, UK) were
cultured in Roswell Park Memorial Institute (RPMI1640) medium containing 10% fetal bovine serum
and antibiotics (100 U/mL penicillin and 100 µg/mL
streptomycin) at 37°C in an atmosphere of 5% CO2.
2.3. Treatment with NQ
Stock solution of NQ was prepared in DMSO, stored as
small aliquots at -20ºC. In all in vitro experiments, cells
were treated with different doses of NQ for 2 h or NQ
1 μM for indicated time interval before the initiation of
culture. DMSO was used as vehicle control.
2.4. Irradiation schedule
INT 407 cells in medium were irradiated at a dose rate
of 1.2 Gy/min in a blood irradiator (BRIT, Mumbai,
India).
2.5. Measurement of change in mitochondrial membrane
potential (MMP)
INT 407 Cells were treated with NQ 1 μM for 2 h
followed by radiation dose of 15 Gy and were cultured
for 24 h at 37°C. MMP was assessed using the
mitochondrial-specific cationic fluorescent probe JC-1
(10 µM) by spectroflourimetric method as described
previously (20).

www.ddtjournal.com

95

Drug Discoveries & Therapeutics. 2016; 10(2):93-102.

2.6. Caspase 3 assay

Table 1. List of specific primers for RT-PCR

INT 407 Cells were treated with NQ 1 μM for 2 h
followed by radiation dose of 15 Gy and were cultured
for 24 h at 37°C. Caspase 3 activity was measured
following manufacturer`s protocol (Caspase 3 Assay
Kit, Colorimetric, Sigma Aldrich, St. Louis, MO,
USA).
2.7. Clonogenic cell survival assay

Gene

Sequence

HO-1

Forward: AGGTACACATCCAAGCCGAGA
Reverse: CCATCACCAGCTTAAAGCCTT
Forward: CTACCACGCAGTCAAGGACC
Reverse: CCTCCATTCAGTAACAACTGGAC
Forward: CTTTAGTCAGCGACAGAAGGAC
Reverse: AGGCATCTTGTTTGGGAATGTG
Forward: CAGACCTGCCTTACGACTATGG
Reverse: CTCGGTGGCGTTGAGATTGTT
Forward: AGCGACCAGATGAAGCAGTG
Reverse: AGGACATCAGGTCTCTGCGA
Forward: GCGGGAAATCGTGCGTGACATT
Reverse: GATGGAGTTGAAGGTAGTTTCGTG

GCLC
Nrf2
MnSOD
Catalase

One thousand INT 407 cells were cultured in 100mm culture dishes and treated with ATRA (Nrf2
inhibitor) or PD98059 (ERK inhibitor) or NAC for 2 h
followed by treatment with NQ 1 μM for 2 h and then
irradiated with dose of 6 Gy or 7 Gy or 8 Gy. Cells
were allowed to grow for 14 days to form colonies,
which were then stained with crystal violet (0.4 g/L),
and colonies were counted using colony counter (20).
2.8. Intracellular ROS measurements
INT 407 cells were incubated with 20 μM oxidationsensitive dichlorofluorescein diacetate (H2DCF-DA)
for 25 min at 37°C and then treated with NQ 1 µM for
indicated time points. After incubation, the increase
in fluorescence resulting from oxidation of H2DCF to
DCF was measured using a spectrofluorimeter (21).
2.9. Determination of intracellular glutathione (GSH)
and glutathione disulfide (GSSG) levels
INT 407 cells were pre-treated with NQ 1 μM for
indicated points. Intracellular GSH/GSSG ratio was
measured spectrophotometrically by conventional
enzyme cycling method (22).
2.10. Quantitative Real Time PCR
INT 407 cells were pre-treated with NQ 1 μM for
indicated points. RNA isolation, cDNA synthesis and
RT-PCR were performed as described previously (21).
Briefly, total RNA was isolated from the samples
using Trizol reagent. One μg of total RNA was used
for preparation of cDNA by reverse transcription
(cDNA synthesis kit, Roche Chemical Co, San
Francisco, CA, USA) following the manufacturer's
instructions. Quantitative PCR was carried out using a
Rotor Gene 3000 (Corbett Research, Mortlake, NSW,
Australia) machine. The threshold cycle values were
used for calculating the expression levels of genes by
REST-384 version-2 software (23). PCR efficiency
was calculated for individual primer pairs. Specific
primer sequences were obtained from primer bank
(Table 1). Expression of the genes was normalized
against a house keeping gene, β-actin and plotted as
relative change in expression with respect to control.

β-actin

2.11. Western blot analysis
INT 407 cells were pre-treated with different
concentrations of NQ for 12 h or NQ (1 μM) for
indicated time points. Cytosolic extracts were prepared
as described earlier (20). Vehicle treated cells served as a
control. Equal amount of protein was resolved by SDSPAGE (10%), transferred to nitrocellulose membrane,
blocked and incubated overnight with the primary
antibody specific to pERK, ERK, pMEK, MEK and
β-actin. After subsequent washing, membrane was further
incubated with horseradish peroxidase-labeled secondary
antibody for 2 h and specific bands were visualized on
X-ray films using Enhanced Chemiluminiscence Kit.
β-actin was used as loading control.
2.12. Determination of nuclear levels of Nrf2 using
confocal microscopy
INT 407 cells were treated with NQ (1 μM) at indicated
time intervals. The cells were labelled with antiNrf2 antibody as described previously (24). Further,
these cells were stained with FITC-labelled secondary
antibody followed by PI staining. Slides were examined
using an LSM510 confocal microscope (Carl Zeiss,
Jena, Germany) with a krypton-argon laser coupled to an
Orthoplan Zeiss photomicroscope.
2.13. Electrophoretic mobility shift assay
INT 407 cells were pre-treated with NQ 1 μM for
indicated time points and different concentrations of
NQ for 12 h at 37°C. Nuclear extracts were prepared
as described earlier (19). EMSA was performed by
incubating 8μg of nuclear proteins with 16 fmol
of 32P-end-labeled, 45-mer double stranded NF-κB
oligonucleotides from the human immunodeficiency
virus long terminal repeat (5′-TTGTTACAAGGGA
CTTTCCGCTGGGGACTTTCCAGGGAGGCG
TGG-3′; boldface indicates NF-κB binding sites) in
the presence of 0.5 μg of poly (2′-deoxyinosinic-2′deoxycytidylic acid) in binding buffer for 30 min
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at 37°C. The DNA-protein complex formed was
separated from free oligonucleotide on 7.6% native
polyacrylamide gels. The dried gel was exposed to
phosphorimage plate and the radioactive bands were
visualized using a PhosphorImage plate scanner
(Amersham Biosciences, Piscataway, NJ, USA).
2.14. shRNA knockdown studies
Nrf2 shRNA plasmid (cat no. TF515053, Origene,
Rockville, MD, USA) was used for knocking down
Nrf2 in INT 407 cells. Transfection was performed
using Neon® Transfection System (Invitrogen,
Carlsbad, CA, USA) following manufacturer`s protocol.
Briefly, 5 million cells were electroporated (pulse
voltage 1005 and pulse width 35 ms) using 1 μg of nrf2
shRNA in antibiotic free medium. Cells were further
cultured for 48 h for transgene expression. Knockdown
INT 407 cells were treated with NQ 1 μM for 2 h
followed by radiation dose of 6 Gy. Cells were further
subjected to clonogenic assay as discussed earlier (20).
2.15. Statistical analysis
The statistical analysis was done using analysis of
variance with Microcal OriginPro 8.0 software followed
by post hoc analysis using Schiffe's test. * refers to p
< 0.01, as compared to control, # refers to p < 0.01 as
compared to irradiated group and $ refers to p < 0.01
as compared to NQ + IR group. Data points represent
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mean ± SEM from three replicates, and two independent
experiments were performed.
3. Results
3.1. NQ significantly protected against radiation induced
cell death of INT 407 cells
INT 407, a human intestinal epithelial cell line, was
used as an in vitro model system to decipher the
potential of NQ to protect against radiation induced GI
syndrome. Cells were pre-treated with NQ 1 μM for 2
h followed by exposure to radiation 6 Gy or 7 Gy or
8 Gy. Vehicle treated cells served as control. Effect of
radiation on viability of INT 407 cells was assessed
by monitoring changes in proliferating potential which
is defined by the ability of a single cell to grow as a
colony. Clonogenic assay is the method of choice to
determine cell reproductive death after treatment with
radiation. Exposure to radiation induced significant
reduction in the percent surviving fraction. Interestingly,
treatment with NQ significantly (55% at 6 Gy, 38%
at 7 Gy and 28% at 8 Gy) protected against radiation
induced loss of clonogenicity (Figure 1A). Further,
modulation in mitochondrial membrane potential and
caspase 3 activity was also monitored to decipher the
effect of NQ on radiation induced apoptosis. Vehicle
treated cells served as control. Exposure to radiation
induced a significant reduction in MMP (64%) and
increase in caspase 3 activity indicating the induction of

Figure 1. NQ offered radioprotection in INT 407 cells. (A) INT 407 cells were treated with NQ 1 μM for 2 h followed by radiation
exposure of 6 Gy or 7 Gy or 8 Gy. Vehicle treated cells served as control. Cells were incubated for 14 days to monitor the clonogenic
potential. Line graphed is the percent surviving fraction at the indicated doses of IR. (B) Cells were treated with NQ 1 μM or vehicle
for 2 h followed by exposure to radiation dose of 15 Gy and were incubated for 24 h. Cells were harvested and stained with JC-1 dye
to monitor IR induced loss in mitochondrial membrane potential in respective groups. Graphed is the percentage loss of mean (red/
green) fluorescence of JC-1. (C) NQ inhibited IR induced increase in Caspase 3 activity. Cells were treated with NQ 1 μM or vehicle
for 2 h followed by exposure to radiation dose of 15 Gy and were incubated for 24 h. Graphed is the arbitrary fluorescence unit
representing the caspase 3 activity. Each bar represents mean ± S.E.M. from three replicates and two such independent experiments
were carried out. The statistical analysis was done using analysis of variance followed by post hoc analysis using Schiffe's test. *p <
0.01, as compared to control, # refers to p < 0.01 as compared to irradiated group.
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observed on the levels of GSH/GSSG. NQ induced a
fleeting depletion in GSH/GSSG ratio which with long
time exposure came back to control levels (Figure 2B).
These results further highlight the non toxic effect of
NQ as incessant depletion in the levels of GSH may be
associated to cell death.
3.3. NQ induced activation of Nrf2, a pro-survival
transcription factor, pathway in INT 407 cells

Figure 2. NQ induced perturbation of cellular redox status.
(A) NQ induced a transient increase in the basal ROS levels.
DCFH2-DA-stained INT 407 were treated with NQ 1 μM for
indicating time intervals at 37°C and fluorescence emission
was measured at 535 nm. (B) NQ induced a transient decrease
in the levels of redox couple GSH/GSSG. INT 407 cells were
treated with NQ 1 μM for indicated time intervals. GSH/GSSG
ratio was estimated using enzyme cycling method. Each bar
represents mean ± S.E.M. from three replicates and two such
independent experiments were carried out. The statistical
analysis was done using analysis of variance followed by post
hoc analysis using Schiffe's test. *p < 0.01, as compared to
control.

apoptosis. Interestingly, treatment with NQ significantly
ameliorated radiation induced apoptosis by protecting
against loss of mitochondrial membrane potential (92%)
and abrogated the increase in caspase 3 activity (Figures
1B and 1C).

NQ previously has been shown to activate mitogen
activated protein kinases (MAPK) in lymphocytes (18).
Also, perturbation in cellular redox status is known to
activate key redox sensitive regulatory transcription
factor Nrf2. Therefore, potential of NQ to activate
MAPK upstream of Nrf2 was explored. MEK-1 is a
dual threonine and tyrosine recognition kinase that
phosphorylates and activates extracellular-signalregulated kinases (ERK). NQ induced activation of
MEK and ERK, upstream kinases in Nrf2 pathway, in
concentration and time dependent manner (Figure 3A).
Since NQ modulated cellular redox status and activated
upstream ERK, the effect of NQ on redox sensitive
cytoprotective transcription factor Nrf2 was monitored.
NQ increased the mRNA levels of Nrf2 and its
dependent cytoprotective/antioxidant genes (MnSOD,
HO-1, GCLC and Catalase) in a time dependent
manner (Figure 3B). INT 407 cells were treated with
NQ 1 μM for different time points to monitor the
nuclear translocation of Nrf2. NQ induced Nrf2 nuclear
translocation at 12 h and 24 h (Figure 3C). Further, INT
407 cells were treated with different concentrations
of NQ for 12 h to monitor the binding of Nrf2 to its
consensus sequence (Antioxidant Response Element). It
was observed that NQ markedly increase the activation
of Nrf2 as evident by enhanced DNA binding in EMSA
(Figure 3D).

3.2. NQ modulated cellular redox status in INT 407 cells

3.4. Thiol antioxidants and Nrf2 inhibitor abrogated NQ
mediated protection against radiation induced cell death

Cellular redox status is impervious for normal
functioning of cell. Pro-oxidants being a strong
electrophile are known to modulate the cellular redox
status which serves as the prime mediator of its effect.
Effect of NQ to modulate cellular redox status was
evaluated by monitoring changes in ROS and GSH/
GSSG levels. DCFDA stained INT 407 cells were
treated with NQ 1 μM at indicated time points to
monitor the changes in levels of ROS. NQ treatment
induced a transient increase in basal ROS levels (Figure
2A) indicating its pro-oxidant effect. GSH/GSSG,
endogenous antioxidant, is a major redox couple
involved in maintaining the cellular redox homeostasis.
Being a strong electrophile, NQ exhibits a strong
attraction towards cellular nucleophiles like GSH and
may modulate their levels. Thus, effect of NQ was

Contribution of NQ induced perturbation of cellular
redox status and activation of ERK/Nrf2 pathway in
its radioprotective effect was monitored by employing
pharmacological inhibitors ERKi (PD98059, ERK
inhibitor) and ATRA (Nrf2 inhibitor) and NAC (thiol
antioxidant). Clonogenic method was employed to
monitor the effect of inhibitors on radioprotective
potential of NQ. Employing these inhibitors alone
does not offer any protection against radiation induced
loss of proliferating potential in clonogenic assay.
NQ treatment significantly (41% surviving fraction)
protected against radiation induced loss (5% surviving
fraction) of clonogenicity. Intriguingly, employment of
NAC and ERKi along with NQ showed 11% and 15%
surviving fraction indicating a significant abrogation
of the NQ mediated radioprotection. Employing
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Figure 3. NQ induced activation of ERK/Nrf2 pathway. (A) INT 407 cells were treated with different concentrations of NQ for
12 h or with NQ 1 µM for indicated time intervals. Cytoplasmic extracts were fractionated on 10% non-reducing SDS-PAGE, and
electrotransferred to nitrocellulose membrane. Western blot analysis was performed using antibodies specific for pMEK, MEK,
pERK, ERK and β-actin. (B) INT 407 cells were treated with NQ 1 μM for 6 h, 12 h and 24 h, mRNA was isolated and used for
real time RT-PCR. Bar diagram shows relative mRNA copy number of Nrf2, HO-1, MnSOD, GCLC and Catalase over control.
Each bar represents mean ± S.E.M. from three replicates and two such independent experiments were carried out. (C) INT 407
cells were treated with NQ 1 μM for 6 h, 12 h and 24 h, stained with FITC labelled anti-Nrf2 antibody and PI. FITC (left)/PI(mid)/
overlay(right) is shown. (D) INT 407 cells were treated with NQ 1 μM for 6 h, 12 h and 24 h, EMSA was performed using nuclear
extracts.

ATRA showed complete abrogation (4% surviving
fraction equivalent to radiation treatment) of NQ
induced protection against radiation induced loss of
clonogenicity in INT 407 cells (Figures 4A and 4B).
These results indicated that the modulation in cellular
redox and activation of Nrf2 might be the underlying
mechanism of NQ mediated protection against radiation
induced GI syndrome.
3.5. Knocking down Nrf2 significantly abrogated the NQ
mediated radioprotection
Knock down studies were adopted to contemplate the
central role of Nrf2 pathway in NQ mediated protection
against radiation induced cell death. INT 407 cells were
transfected with Nrf2 shRNA or scrambled shRNA to
create a transient knock down. After 24 h, transfected
cells with ablated Nrf2 were washed and treated with
NQ 1 μM for 2 h prior to radiation exposure of 6 Gy

and were further monitored for loss in clonogenicity.
NQ treatment offered significant (57% survival fraction)
protection against radiation induced cell death in
mock control and scrambled shRNA transfected cells.
Interestingly, knocking down Nrf2 pathway completely
abrogated (8% survival fraction in cells with ablated
Nrf2) the NQ mediated protection against radiation
induced clonogenic death (Figures 5A and 5B). Further,
ablation in ERK and Nrf2 dependent cytoprotective gene,
HO-1, also showed the significant abrogation of NQ
mediated radioprotection (data not shown). These results
contemplated our hypothesis that activation of Nrf2 is a
central regulator and pivotal for NQ induced protection
against radiation induce GI syndrome.
4. Discussion
Maintenance of cellular redox homeostasis is impervious
to maintain cell viability and normal physiological
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Figure 4. Thiol antioxidant and ERK/Nrf2 pathway inhibitors abrogated the NQ mediated radioprotection. INT 407 cells
were pretreated with NQ or NAC (1 mM) or ERKi (PD98059, 5 μM) or ATRA (Nrf2i, 1 μM) for 2 h before being exposed to IR
dose of 6 Gy and cultured for 14 days to monitor the clonogenic potential. Vehicle treated cells served as control. Visible colonies
were enumerated after staining with crystal violet. (A) Pictures shown represent the observed stained colonies from the respective
groups. (B) Graphed is the percent surviving fraction obtained after enumerating the visible colonies. Each bar represents mean ±
S.E.M. from three replicates and two such independent experiments were carried out. The statistical analysis was done using analysis
of variance followed by post hoc analysis using Schiffe's test. *p < 0.01, as compared to control, # refers to p < 0.01 as compared to
irradiated group and $ refers to p < 0.01 as compared to NQ + IR group.

Figure 5. Knocking down Nrf2 reversed the radioprotection offered by NQ in INT 407 cells. INT 407 cells were transfected
with scrambled shRNA or Nrf2 shRNA plasmid and were incubated for 24 h. Transfected cells were treated with vehicle or NQ 1
μM for 2 h followed by exposure to IR dose of 6 Gy. Cells were further cultured for 14 days to monitor the clonogenic potential.
Visible colonies were enumerated after staining with crystal violet. (A) Pictures shown represent the observed stained colonies
from the respective groups. (B) Graphed is the percent surviving fraction obtained after enumerating the visible colonies. Each bar
represents mean ± S.E.M. from three replicates and two such independent experiments were carried out. The statistical analysis was
done using analysis of variance followed by post hoc analysis using Schiffe's test. *p < 0.01, as compared to control, # refers to p < 0.01
as compared to irradiated group and $ refers to p < 0.01 as compared to NQ + IR group.
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responses. Under normal physiological conditions, cells
are exposed to multiple exogenous and endogenous
oxidative stresses (25). Cells are equipped with
network of antioxidant enzymes that plays a pivotal
role in detoxification of ROS. The equilibrium between
generation and elimination of ROS maintains the cellular
redox homeostasis which acts to resist against various
stress conditions. ROS are known to play dual role
depending upon the magnitude of generation (26). High
levels of ROS induce activation of apoptotic pathway
whereas low levels of ROS initiate the induction of
cytoprotective responses. The functional status of
cellular antioxidant systems and the redox-sensitive
survival signaling pathways can significantly influence
the cell-fate against deleterious stimuli (27). Therefore,
perturbation of cellular redox status by inducing mild
oxidative stress may lead to activation of redox sensitive
pro-survival pathways. Mild oxidative stress may thus
serve as an amenable strategy to develop novel redox
based therapeutics/preventive agents.
As radiation induced toxicity is mediated by
generation of ROS, employing a potent antioxidant as
agents to act as radioprotector seem to be the promising
strategy. Though most of the agents investigated have
been associated with off target effects and none have
been approved by FDA to be used as radioprotector
except amifostine (28-30). Amifostine has been
approved to be used along with cisplatin in radiotherapy
however it's not been approved for use outside clinic
as it is also associated with the induction of multiple
side effects, including nausea, vomiting, sneezing
and hypertension (31-34). Thus multiple efforts have
been undertaken to identify novel targets that could
be exploited to develop novel radioprotective agents.
Although plethora of agents has been shown to protect
against IR induced hematopoietic syndrome, few have
been documented to protect against IR induced GI
syndrome (2,35). Radiation induced GI syndrome is
one of the major cause of health impairments or in
extreme cases death characterised by denudated villi
and apoptosis in crypts. Humans are at higher risk of
developing acute and chronic symptoms known as
intestine mucositis including pain, ulceration, vomiting
and diarrhoea at doses above 2 Gy (36,37). ISC present
at the base of the crypts called as columnar base
cells are responsible for maintaining the homeostasis
in intestine. Exposure to ionising radiation induces
apoptosis in the ISC which abolishes the regeneration
of the denudated villi and marks the rapid onset of GI
syndrome (8,38-40). Multiple strategies have been
employed to investigate the novel targets as well as
agents with potential to ameliorate or mitigate the
radiation induced damages with lesser side effects.
NQ, a pro-oxidant, has been shown to protect
against radiation induced hematopoietic syndrome
and its potential to act as anti-inflammatory agent by
activating Nrf2 pathway in lymphocytes. Present study
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was undertaken to investigate the potential of NQ to
protect at high doses of IR using in vitro model, human
intestinal epithelial cell, INT 407. Interestingly, NQ
protected against radiation induced cell death in INT
407 cells (Figure 1). Since NQ is a known pro-oxidant,
it perturbs the cellular redox status of the INT 407 cells
by increasing the basal level of ROS and depleting
GSH/GSSG (Figure 2). Higher redox potential and
electrophilic nature of quinones imparts high affinity
for cellular nucleophiles like thiols of cysteine group
present in proteins and glutathione contributing to
its biological activity (41). Perturbation in cellular
redox status is known to activate redox sensitive prosurvival transcription factor Nrf2 and its dependent
cytoprotective genes (42-45). Activation of Nrf2
has been shown to maintain intestine homeostasis,
protect against radiation induced DNA strand breaks
in intestine and to regulate the intestinal stem cell
proliferation. Activation of Nrf2 results in elevated
levels of cytoprotective genes which provide an
adaptive response to protect against radiation induced
damage (17,46,47). NQ induced the activation of
ERK/Nrf2 axis in time and concentration dependent
manner in INT 407 cells (Figure 3). Captivatingly,
thiol antioxidant and inhibitors of ERK/Nrf2 pathway
abrogated NQ mediated radioprotection contemplating
the imperative role of Nrf2 (Figure 4). Further, knock
down studies using shRNA of Nrf2 corroborated
the significance of activation of Nrf2 pathway as
underlying mechanism of NQ induced protection
against IR induced GI syndrome (Figure 5). Further
investigations in in vivo model system are required to
corroborate the present findings.
To best of our knowledge, this is the first report
illustrating the salutary effect of a pro-oxidant in the
perspective of radiation induced GI syndrome where
it played a protective role by inhibiting radiation
induced cell death. Since, NQ has a profound anticancer activity; it may find application in increasing
the therapeutic ratio of abdominal irradiation in GI
malignancies. These findings further provide evidence
for the putative role of Nrf2 as a key player in
developing novel radioprotective agents.
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Summary

Monoclonal antibodies (mAbs) are needed for the quantitation of environmental allergens
for precise diagnosis and immunotherapy. In this study, we produced and purified
monoclonal antibodies against Der f 2, one of the major allergens of the house dust mite
Dermatophagoides farina, in order to develop an assay for the detection of this allergen.
BALB/c mice were immunized four times with the protein Der f 2 together with an adjuvant
after which splenocytes were collected and fused with SP2/0 (myeloma cells) in the presence
of polyethylene glycol (PEG). The fused cells were selected in the presence of HypoxanthineAminopterin-Thymidine (HAT) and then Hypoxanthine-Thymidine (HT) medium. Positive
cells were screened with ELISA and subcloned by limited dilution at least three times to
achieve stable mAb-producing clones. Four stable mAb-producing clones were obtained.
One clone with IgG1 isotype and another with IgG2b isotype were chosen to produce large
amounts of mAb by inoculation of the cells into the abdominal cavity of mice. Ascites were
collected and the mAbs were purified using protein A affinity chromatography. Testing of the
ascites by ELISA showed the titration of IgG1 and IgG2b to be higher than 1/106 dilution.
The specificity of both antibodies was confirmed by immunoblotting. Thus, we produced two
mAb clones against Der f 2 that can be used to create a precise quantitative method to identify
allergen components in dust samples and facilitate further study in Der f 2 componentresolved diagnosis (CRD).
Keywords: Dermatophagoides farina, environmental allergen, house dust mite monoclonal
antibody

1. Introduction
House dust mite (HDM) is one of the most common
causes of respiratory allergic diseases such as allergic
asthma and allergic rhinitis (1). HDM allergens can
be found in dust samples from the bedding of 95% of
Chinese households (2). The higher average relative
humidity in the south of China, especially in the coastal
cities, may be a factor in promoting exposure to mites
and, thus, result in an increasing prevalence of asthma
(3). Because of the warm climate (average temperature:
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Disease, Guangdong Provincial Key Laboratory of Allergy
& Clinical Immunology, 250# East Changgang Road,
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22°C) and humidity (average relative humidity: 76%),
more than 90% of children with asthma have positive
skin test responses to HDM in Taipei, China (4).
Dermatophagoides pteronyssinus (D. pteronyssinus)
(65.3%) and Dermatophagoides farina (D. farina)
(20.6%) are two of the most common groups of dust in
the household environment (5,6). Currently, there are
nearly 30 kinds of allergenic components in HDM that
have been cloned and identified (7). Approximately
80% to 100% of HDM allergic patients respond to
group 1 and group 2 allergens (8).
Allergen avoidance is widely recommended to
reduce the symptom severity of allergic diseases in
sensitized individuals (9-11). Therefore, it is important
to monitor the amount of allergens in dust samples to
evaluate the correlation between the environmental
allergens and the occurrence and severity of allergic
diseases (12).
Allergen immunotherapy (AIT) is the only
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treatment approach that can improve the immune
response of patients to allergens (13). AIT with HDM
extract is one of the most common treatments for mite
allergy. Furthermore, several new strategies such as
the administration of recombinant and genetically
modified allergens are being explored for their use in
new types of AIT (14). However, the amount of each
allergen component in both the crude extract and other
new types of AIT is not exactly known, which could
lead to serious side-effects in the course of treatment
(15), especially in patients who have experienced
anaphylactic reactions. It is important to detect the
concentration of each allergen component exactly
in the HDM extract. However, efficient tools for
quantification of allergen components are still limited.
MAbs against specific allergen components could
be used in their quantification as well as for the further
improvement of HDM allergy immunotherapy. In
2013, a mAb against Der p 2 was generated for the
development of a Der p 2 ELISA (16) that was used to
monitor environmental mite infestation and estimate
the number of mites in house dust samples. However,
currently, there is no commercial antibody kit against
the allergen Der f 2. In this study, we produced and
purified mAbs against Der f 2, which might be used in
the quantification of this allergen component.
2. Materials and Methods
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of Guangzhou Medical University. Five mice were
subcutaneously (s.c.) immunized with purified Der f 2
protein emulsified with CFA at the first injection. The
total amount of protein was 36 μg/mouse. After two
weeks, the mice were given a second subcutaneous
injection of 36 μg/mouse in IFA followed by a third
injection in IFA two weeks later in the same manner.
After another two weeks, serum was obtained from the
tail and the titer of Der f 2 specific IgG antibodies was
investigated. The mice with highest titers of positive
antibodies were then selected for administration of the
final intraperitoneally (i.p.) injected protein without
adjuvant and were sacrificed three days later.
2.3. Fusion
Peritoneal cells were obtained from a healthy nonimmunized mouse and cultured in 96-well plates as
primary feeder cells. Spleen cells from the immunized
mice were fused with SP2/0 cells in the presence of
PEG 4000. The fused cells were suspended in HAT
medium containing 10% FBS and 1% penicillinstreptomycin and distributed into prepared 96-well
plates. Culture supernatant was semi-replaced with
fresh HAT medium on the 4th, 7th, and 10th day after
fusion. After ten days of culture in HAT medium, the
hybridoma cells were transferred to HT medium.
2.4. Screening of antibody-producing cells

2.1. Materials
Recombinant Der f 2 protein was generated and purified
in a routine process similar to a method described
elsewhere (17). BALB/c mice were obtained from
the Medical Laboratory Animal Center (Guangdong,
China. License No.: SCXK 2013-002). Complete
Freund's Adjuvant (CFA) and Incomplete Freund's
Adjuvant (IFA) were purchased from Sigma-Aldrich
Co (St. Louis, America). The Sp 2/0 myeloma cell line
was obtained from CAS Shanghai Life Science Cell
Resource Center (Shanghai, China). HAT medium, HT
medium, penicillin, streptomycin, fetal bovine serum
(FBS), RPMI-1640 medium plus L-glutamine were
purchased from Life Technologies Inc (New York,
USA). Horse anti-mouse IgG-HRP conjugate was
purchased from Cell Signaling Technology (Shanghai,
China). Polyethylene glycol (PEG 4000) was bought
from Sigma-Aldrich Co. HiTrap Protein A (5 × 1 mL
Lot: 17-0402-01) was bought from GE Healthcare
(Freiburg, Germany).
2.2. Immunization of mice
All procedures performed in this study involving
animals were in accordance with the ethical standards
of the institution and have been approved by a research
ethics committee of The Second Affiliated Hospital

Wells of a 96-well plate were coated with 2 ng
of purified Der f 2 protein and then incubated at
4°C overnight. After washing four times with PBS
containing 0.05% tween 20, the plates were blocked
with 2% BSA solution. 100 µL of hybridoma
supernatant was added to each well and incubated for
1 h at 37°C. After plate washing, secondary antibody
was added (horse anti-mouse IgG at 1/4,000 dilution)
to each well and incubated for another hour at 37°C.
After washing, the plate was developed with TMB and
the absorbance was checked using an ELISA Reader
(Thermo Scientific, Varioskan Flash) at 450 nm.
2.5. Subcloning and immunoglobulin isotyping of mAbproducing hybridomas
The hybridomas that generated the highest antibody
titers were selected for subcloning by limited dilution.
Briefly, cell suspension was distributed at concentrations
of 10, 5, or 2 cells/well in 100 µL medium and cultured
in 96-well plates containing feeder cells. The clone
supernatants were tested using ELISA after ten days
in culture. In order to obtain stable antibody-secreting
clones, the positive clones were subcloned at least
three times using the limited dilution method (18). The
isotype of the mAb was qualitatively analyzed using a
commercial ELISA kit (Sino Biological.inc, SEK003),
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following the manufacturer's guidelines.

(Table 1) and the mouse with the highest titer was
selected for fusion.

2.6. Mass production and verification of mAbs
Six-eight weeks old female mice were i.p. with 0.5
mL of priming reagent per mouse. Ten days later, 1 ×
106 stable mAb-producing cells suspended in 0.5 mL
RPMI-1640 medium were injected into the abdominal
cavity of each mouse. Production of ascites as noted
by abdominal distension was observed a few days after
inoculation and was collected after seven to ten days.
Der f 2 protein was resolved through SDSPAGE and then transferred onto a PVDF membrane.
The membrane was then blocked with 2% BSA and
incubated for 2 h at room temperature. Either cell
supernatants or ascites were diluted and added as
primary antibody. After the incubation and washing
steps, goat anti-mouse IgG antibody (1/4,000) was
added as the secondary antibody. The membrane was
developed in ECL reagent and images were acquired
using ImageQuant LAS 4000 mini.
2.7. Purification of Der f 2 monoclonal antibody
The ascites was diluted with normal saline and
precipitated by 50% ammonium sulfate. The precipitate
was dissolved and dialyzed into 20 mM phosphatebuffered saline (PBS) followed by antibody purification
using protein A chromatography according to the
manufacturer's recommendation. In brief, the resin was
equilibrated with PBS pH 7.4. After protein loading,
the resin was washed with at least a 20-fold column
volume of PBS pH 7.4. The target protein was eluted
using 100 mM citric acid buffer (pH 4.0) and the mAb
concentration was monitored by UV absorption at 280
nm.
3. Results
3.1. Serum titration of the immunized mice
Serum from three of the immunized mice was diluted
1:5,000, 1:10,000, 1:20,000 and 1:40,000 and tested for
titers of Der f 2 specific IgG antibody. Control serum of
non-immunized mice was tested at a 1:10,000 dilution.
All the serum from the immunized mice had antibody
titers that could be detected at a dilution of 1:40,000
Table 1. OD 450 nm of serum titers in immunized mice
Immunized Mice
1*
2
3

1:5,000 1:10,000 1:20,000 1:40,000
1.858
1.508
1.019

1.561
1.075
0.900

1.174
0.717
0.643

0.679
0.341
0.421

Ctrl
0.079
/
/

Ctrl: negative control using the serum from non-immunized mouse
with the a dilution of 1:10,000. *Immunized mouse 1 was selected for
fusion.

3.2. Isotype of the mAb and ascites titration
After fusion, 130 clones were found to have antibody
titers that were significantly higher than the negative
control and eight of them were selected for limited
dilution (Table 2). After the first subcloning, four stable
clones were retained for further limited dilution. Two of
the four stable clones, which were classified as either
IgG1 or IgG2b isotype (Table 3), were selected for
ascites induction for mass production of mAb. ELISA
results showed that the antibody titer in the ascites was
higher than 1:106, indicating a mAb with high potency
(Table 4).
3.3. Characterization and purification of the mAbs
The high specificity of the mAbs against Der f 2
was confirmed by immunoblotting assay in both the
supernatant of the mAb-producing clones and the
ascites before purification (Figure 1A). The ascites was
first precipitated by 50% ammonium sulfate and then
purified by protein A chromatography. The highest
Table 2. Absorbance of the selected clones after fusion and
after the first subcloning detected by ELISA
Clones selection
after fusion

Clones selection
after the first subcloning

Clones

OD at 450 nm

Clones

OD at 450 nm

neg.ctrl
pos. ctrl
1B12
1G4
3A12
3E1
3G5
3A7
3F9
4B10

0.059
3.496
4.921
1.081
2.257
3.108
2.406
1.325
1.381
1.092

neg.ctrl
pos. ctrl
1-1B12a
1-1G4b
3-1A12a
3-1E1
3-1G5b
3-1A7
3-1F9b
4-1B10b

0.090
4.147
5.519
0.114
4.163
4.406
0.927
1.570
0.180
0.081

neg.ctrl: negative control, serum from non-immunized mouse. pos.ctrl:
positive control, serum from immunized mouse. a: The individual clones
selected for mAb mass production are labeled as 1-1 and 3-1. b: The four
clones that showed decreasing antibody production.

Table 3. Isotype identification as determined by absorbance
at 450 nm
Clones

IgG1

IgG2a

IgG2b

IgG3

IgM

Control

1-1
3-1

2.089
0.293

0.071
0.165

0.169
1.251

0.086
0.398

0.043
0.220

0.043
0.155

Table 4. Titration of Der f 2 mAbs in ascites as shown by
absorbance at 450 nm
Clones

1:102

1:103

1:104

1:105

1:106

1:107

1-1
3-1

/
5.645

4.865
3.467

4.513
1.957

2.450
0.943

0.573
0.216

0.112 0.045
/
0.044

blank

/: means not done because of too high in 1:102 and too low in 1:107.
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Figure 1. Characterization of Der f 2 mAbs by
immunoblotting. A: Characterization of Der f 2 mAbs before
purification. M: Marker. Lane 1: SP2/0 culture medium. Lane
2: Serum of non-immunized mouse. Lane 3: Serum of Der
f 2 immunized mouse. Lane 4: Supernatant of Der f 2 mAb
clone 3-1. Lane 5: Ascites of Der f 2 mAb clone 3-1. Lane 6:
Supernatant of Der f 2 mAb clone 1-1. Lane 7: Ascites of Der
f 2 mAb clone 1-1. B: Characterization of Der f 2 mAbs after
purification. M: Marker. Lane 1: Serum of non-immunized
mouse. Lane 2: Serum of Der f 2 immunized mouse. Lane 3:
Purified Der f 2 mAb clone 1-1. Lane 4: Purified Der f 2 mAb
clone 3-1.

Figure 2. Purification of Der f 2 mAbs. A: Purification of
Der f 2 mAb clone 1-1. B: Purification of Der f 2 mAb clone
3-1. The arrows indicate the elution peak of the target protein.

elution peaks were collected as purified antibodies
(Figure 2), which were then verified by SDS-PAGE
electrophoresis (Figure 3) and immunoblotting assay
(Figure 1 B).
4. Discussion
In this study, we produced and purified two different
isotypes of specific monoclonal antibodies against Der
f 2 mite allergen. These antibodies could be used to
develop an assay for the quantification of Der f 2 in
environmental allergens.
In our study, the fusion rate between the splenocytes
and SP2/0 cells was approximately 79% as screened

106

Figure 3. The mAbs after purification. Lane 1: Der f 2 mAb
clone 1-1 before purification. Lane 2: Purified Der f 2 mAb
clone 1-1 collected from the first part of elution peak. Lane
3: Purified Der f 2 mAb clone 1-1 collected from the second
part of elution peak. Lane 4: Der f 2 mAb clone 3-1 before
purification. Lane 5: Purified Der f 2 mAb clone 3-1. M:
Markers. The arrows indicate the heavy chain and light chain
of the purified antibodies, individually.

by ELISA, which demonstrated the efficiency of PEG
4000 in the production of monoclonal antibodies.
Eight clones with the highest ODs were selected for
limited dilution. However, after the first subcloning,
four of the clones showed a gradual decrease in
antibody production, while the other four clones grew
well. This situation has been described during other
mAb production procedures and could be due to
chromosomal instability (19).
BALB/c mice are most commonly used for ascites
production because this strain of animals is syngeneic
with the myeloma cells that are most frequently used
for fusion (20). Mice were first given a priming agent
by i.p. injection. After seven days, the hybridoma cells
were inoculated by i.p. injection. Ascites induction
is a life-threatening procedure due to tumor growth,
metastatic spreading and infiltrative growth. Mineral
oil was first tried as the priming agent but failed to
prevent negative side effects related to the growth of
the hybridoma cells and resulted in too much bleeding
in the abdominal cavity. Thus, we used IFA for priming
agent (21), which significantly alleviated the negative
side effects of tumor growth and increased the amount
of ascites production. We also analyzed the differences
in ascites induction in different ages and genders of
mice and we found that the yield of ascites was greater
in 10-12 week-old mice than 6-8 week-old ones, while
the gender had no significant influence on ascites
production.
During the last several decades, the prevalence of
allergic disease has steadily increased in developed
countries. Among atopic patients in China, approximately
87% are sensitive to one or more species of HDM (22)
indicating that it is the main allergen for these patients.
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Another study from Taiwan showed that more than 90%
of children with asthma had positive skin test responses
to HDM (23). The high humidity and high ambient
temperature in the southern coastal regions of China is
suitable for the growth of dust mites. HDM is abundant
in the dust samples collected from carpets, mattresses
and air-conditioners. There is convincing evidence that
avoidance of mite allergen can effectively reduce allergic
symptoms (24). Thus, it is very important to develop an
effective tool to monitor the concentration of allergen
components in the indoor environment. The high titer,
highly specific antibodies that have been produced in
this work could be used to develop assays that can help
the physician educate patients in creating an environment
with lower concentrations of mite allergen, which would
therefore reduce patient exposure to HDM in their
residences.
Although HDM allergen is a major cause of
respiratory allergic disease, there are still unresolved
challenges in both the specific diagnosis and effective
treatment (17). Purified allergens are helpful for CRD
and immunotherapy of HDM allergy (25). Treatments
for HDM allergy include HDM avoidance and AIT,
which is a widely recommended strategy and well
documented (26). AIT is effective when appropriate
doses of allergens are administrated (27). Several
studies showed that an optimal maintenance dose needed
for AIT through the subcutaneous route is in the range
of 5-20 µg of the major allergen found in aeroallergens
(28-31). Therefore, it is quite important to develop a
tool for the precise quantitation of allergen components
in the allergen extract or the recombinant protein to
ensure that it contains an effective therapeutic dose of
each of its individual allergen components.
In summary, to better evaluate the correlation between
symptom relief and HDM avoidance, we produced
and purified two different isotypes of monoclonal
antibodies against Der f 2 that might facilitate CRD as
well as identify the effective doses of this HDM major
allergen component when used in component-resolved
immunotherapy.
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Summary

To find a novel influenza inhibitor targeting the endonuclease activity of influenza A virus
polymerase acidic protein (PA), which is essential for the acquisition of primers for viral
mRNA transcription, seven Kampo extracts were tested in vitro for their ability to inhibit
endonuclease activity of the recombinant PA protein that was expressed and purified from
Escherichia coli. The Kampo medicines Kakkonto, Shosaikoto, Saikokeishito, Keishito,
Maobushisaishinto, and Maoto, but not Chikujountanto, inhibited PA endonuclease activity
in a dose-dependent manner. Our results indicate that Kampo medicines are good sources
providing a structural lead for optimization of an influenza endonuclease inhibitor.
Keywords: Influenza virus, RNA polymerase, endonuclease, Kampo medicine

1. Introduction
By far, the worst influenza pandemic to date was the
1918 Spanish influenza A (H1N1) virus, which caused
50 million deaths worldwide (1,2). Currently, the
H3N2 Hong Kong/68 and H1N1 swine/09 pandemic
variants cause severe illnesses in 3-5 million people
and 250-500 thousand deaths per year (3,4). In addition
to annual epidemics, non-human influenza A viruses
sporadically infect humans. These infections can
cause a severe disease and are associated with a high
death rate. Highly mutable influenza A viruses not
only cause occasional pandemics with unpredictable
pathogenesis and annual epidemics, but also may
cause the annual seasonal vaccine to fail and the
development of resistance to antivirals (accordingly,
vaccine formulation should be reviewed annually (5)).
Both currently circulating H3N2 and H1N1 viruses are
highly resistant to adamantanes targeting the viral M2
ion channel (6,7) and 1.8% of H1N1 viruses tested in
Released online in J-STAGE as advance publication February
22, 2016.
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2013-2014 were resistant to oseltamivir, which targets
viral neuraminidase (8). These observations indicate the
urgent need for novel antivirals targeting essential viral
proteins at sites that are highly conserved among strains
to effectively control influenza outbreaks and prevent
the development of drug resistance.
Influenza A viruses have a segmented single-stranded
RNA (-) genome, and transcription and replication of
the viral genome is catalyzed by a heterotrimeric RNAdependent RNA polymerase consisting of polymerase
basic protein 1 (PB1) and 2 (PB2) and polymerase acidic
protein (PA) (9,10). The N-terminal domain (residues
1-220) of the PA subunit harbors endonuclease activity
by which capped host pre-mRNAs are cleaved and then
used as primers for viral mRNA synthesis, which is
essential for virus multiplication (11,12). Unlike other
polymerase parts with mutations that are associated
with virulence and interspecies transmission, the PA
N-terminal active site is highly conserved between
humans and avian species (11). This suggests that the PA
N-terminal endonuclease is a promising therapeutic target
for influenza. Our previous results showed that catechins,
phenethyl phenyl phthalimide analogs, marchantins, and
fullerene C60 analogs inhibit PA endonuclease activity (in
the influenza A virus H1N1 strain) and possess antiviral
activity against influenza viruses A (H1N1 and/or H3N2)
and/or B strains (13-16), supporting the hypothesis that
the PA endonuclease is a candidate for the development
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Table 1. Composition of Kampo medicines
Composition
JPa Pueraria Root
JP Jujube
JP Ephedra Herb
JP Glycyrrhiza
JP Cinnamon Bark
JP Peony Root
JP Ginger
JP Bupleurum Root
JP Pinellia Tuber
JP Scutellaria Root
JP Ginseng
JP Asiasarum Root
JP Powdered Processed Aconite Root
JP Apricot Kernel
JP Pinellia Tuber
JP Bupleurum Root
JP Ophiopogon Tuber
JP Poria Sclerotium
JP Platycodon Root
JP Immature Orange
JP Cyperus Rhizome
JP Citrus Unshiu Peel
JP Coptis Rhizome
Bamboo Culm.
Total (g)

Weight ratio
Kakkonto
4.0
3.0
3.0
2.0
2.0
2.0
2.0
18.0

Keishito
-

Shosaikoto

Shosaikoto

Maoto

Maobushisaishinto

Chikujountanto

2.0
2.0
2.0
2.0
1.0
5.0
4.0
2.0
2.0
22.0

3.0
2.0
1.0
7.0
5.0
3.0
3.0
24.0

5.0
1.5
4.0
5.0
15.5

4.0
3.0
1.0
8.0

1.0
1.0
1.0
5.0
3.0
3.0
3.0
2.0
2.0
2.0
2.0
1.0
3.0
29.0

4.0
2.0
4.0
4.0
1.5
15.5

a

JP: The Japanese Pharmacopoeia.

of the next generation of antivirals targeting a broad
range of influenza A virus strains.
Kampo medicines are traditional Japanese herbal
medicines that typically consist of several mixed herbs
(17,18). Recently, a Kampo medicine, maoto, was
reported to have anti-influenza activity (18). Here, we
provide evidence for anti-PA endonuclease activity in
6 of the 7 tested Kampo medicines, suggesting that
Kampo medicines are potential sources of compounds
for the development of new, selective PA endonuclease
inhibitors.
2. Materials and Methods
2.1. Kampo medicines
Kampo medicines, including Kakkonto, Shosaikoto,
Saikokeishito, Keishito, Maobushisaishinto, Maoto,
and Chikujountanto, were obtained from Tsumura
& Co. (Tokyo, Japan). Based on the data sheets of
Tsumura & Co., the composition of Kampo medicines
are summarized in Table 1. Kampo medicines were
dissolved in the purified water at 10 mg/mL for in vitro
assay.
2.2. Bacterial expression and purification of influenza
virus PA endonuclease
The recombinant PA endonuclease was produced as
described previously (13-16). Briefly, the influenza A/

PR/8/34 (H1N1) PA coding sequence corresponding to
N-terminal endonuclease residues 1-220 was amplified
from the plasmid pBMSA-PA (Riken BioResource
Center, Tsukuba, Japan) and was cloned into the
bacterial expression plasmid pET28a(+) with the T7/
lac promoter plus 6 x histidine (His)-tag sequence
(Novagen, Madison, WI, USA). After the introduction
of the plasmid into BL21-CodonPlus Escherichia coli
cells (Stratagene, La Jolla, CA, USA), expression of
the PA endonuclease protein-6xHis was induced by the
addition of IPTG. The recombinant PA endonuclease6xHis was purified in a two-step process using Ni2+affinity chromatography, followed by HiTrap™ Q FF
anion exchange chromatography with the AKTA™
Prime Plus System (GE Healthcare, Buckinghamshire,
UK).
2.3. PA endonuclease inhibition assay
The recombinant PA endonuclease activity of the
influenza A virus was determined following previously
described methods (13-16), with modifications. The
assay was performed in a 100 µL reaction mixture
containing 20 mM Tris-HCl (pH 7.3), 100 mM NaCl,
2.5 mM MnCl2, 10-50 µg/mL circular single-stranded
DNA (M13mp18) as a substrate, and 5 μM recombinant
PA endonuclease. After 30 min of digestion at 37°C,
the digestion reaction was stopped by the addition of
20 mM EGTA. The undigested M13mp18 substrate
remaining in the reaction as well as a reaction without
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the recombinant PA endonuclease were analyzed by
0.7% agarose gel electrophoresis in Tris-borate-EDTA
buffer and visualized by staining the gel with ethidium
bromide. For the inhibition assay, each Kampo medicine
at various concentrations was preincubated with the
PA endonuclease in the reaction mixture at 37°C for
5 minutes, before adding the substrate to initiate the
digestion reaction. The inhibitory effects of each Kampo
medicine on PA endonuclease activity were determined
on the basis of the ability the medicine to maintain the
same intensity of the M13mp18 band as that of the
reaction mixture without the PA endonuclease. The
reaction that did not include the inhibitor was defined as
the maximum diminution of the substrate band (i.e., full
PA endonuclease activity).

Figure 1. Inhibition of PA endonuclease activity by Kampo
medicine extracts. The recombinant PA endonuclease (5
μM) was pre-incubated with the solvent (water) control (each
Kampo medicine was dissolved in water) (Lane 2) or different
Kampo medicines (1 mg/ml) as indicated (Lanes 3-9) prior
to starting the reaction by the addition of M13mp18 substrate
(50 μg/mL). As a negative control, the reaction was performed
in the absence of the endonuclease; thus, the substrate should
remain intact in the reaction (Lane 1). The remaining substrate
for each reaction after endonuclease digestion (20 μL from a
total reaction volume of 100 μL) was analyzed by 0.7% agarose
gel electrophoresis.

3. Results and Discussion
After transformation of the pET28a(+) plasmid, which
carries the influenza PA cDNA coding region spanning
the first 220 N-terminal amino acid residues (responsible
for endonuclease activity) from the pBMSA-PA plasmid
by PCR-based cloning in BL21-CodonPlus E. coli
cells, the recombinant PA endonuclease was induced
and purified for the in vitro endonuclease assay. An
assay of the cleavage of the phosphodiester bond
within a polynucleotide chain by the recombinant PA
endonuclease was performed at pH 7.3 to mimic the
nucleus of an infected cell, where the cap-snatching
endonuclease is located (11), using M13mp18 circular
single-stranded DNA as a substrate. In the absence of the
endonuclease, the M13mp18 substrate remained intact
after the reaction, as shown in Lane 1, Figure 1. In the
presence of the endonuclease, the substrate was cleaved
and thus reduced upon the endonuclease cleavage
activity. The complete reduction of band intensities
was observed (Lane 2, Figure 1), indicating that 5 μM
PA endonuclease can achieve complete cleavage of
all of the 50 μg/mL substrate within 30 min under the
assay conditions. The addition of 1 mg/mL Kakkonto,
Shosaikoto, Saikokeishito, Keishito, Maobushisaishinto,
or Maoto, but not Chikujountanto, significantly inhibited
the digestion of the M13mp18 substrate.
To examine the dose-dependent effects of Kampo
medicines on recombinant PA endonuclease activity, 5
μM endonuclease was pre-treated with serial 10-fold
dilutions of Kampo medicines in the reaction mixture
before the addition of 10 μg/mL M13mp18. All Kampo
medicines, except Chikujountanto, at 100 μg/mL
could abolish recombinant PA endonuclease activity
as evidenced by the lack of a change in substrate
levels (Figure 2). Similar decreases in substrate band

Figure 2. Dose-dependent inhibition of PA endonuclease by Kampo medicines. The activity of the recombinant PA
endonuclease (5 μM) was determined in the absence (Lane 2) or the presence of various concentrations (from 1 to 100 μg/mL, as
indicated) of different Kampo medicines as indicated (Lanes 3-23) using M13mp18 (10 μg/mL) as a substrate. A negative control
without the endonuclease was evaluated in parallel (Lane 1). A 20-μL volume of each reaction from a total reaction volume of
100 μL was examined by 0.7% agarose gel electrophoresis.
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intensities were observed using 1 and 10 μg/mL Kampo
medicines, but the band intensities remained slightly
higher than that of the reaction without a Kampo
medicine (Lane 2), indicating that 1 and 10 μg/mL
Kampo medicines can slightly decrease endonuclease
activity. These results confirmed that Chikujountanto
does not demonstrate significant inhibitory activity
against the endonuclease under these assay conditions
and that the Kampo medicines Kakkonto, Shosaikoto,
Saikokeishito, Keishito, Maobushisaishinto, and Maoto,
at concentrations greater than 10 μg/mL, significantly
inhibit endonuclease activity.
The endonuclease activity of the N-terminus of
PA, which has a highly conserved sequence and has
an essential function for influenza virus transcription
and multiplication, has been identified as a potential
target for developing novel anti-influenza virus drug
(19) with low susceptibility to viral resistance. We
demonstrate here that several Kampo medicines
including Kakkonto, Shosaikoto, Saikokeishito,
Keishito, Maobushisaishinto, and Maoto are able to
inhibit recombinant PA endonuclease activity, whereas
Kampo medicine Chikujountanto at a highest tested
concentration of 100 μg/mL is unable to inhibit the
enzyme activity. Variation in composition between
active Kampo medicines and the inactive Kampo
medicine chikujountanto might account for the
observed differences in endonuclease susceptibility
(Table 1). Investigation of chemical compounds in
Kampo medicine composition using three-dimensional
HPLC analyses indicated that cinnamic acid is present
in all tested Kampo medicines, except Chikujountanto.
However, cinnamic acid at 2.5-20 μM does not appear
to inhibit recombinant PA endonuclease activity (data
not shown). Further studies are thus required to isolate
and identify the active compounds of Kampo medicines
that target the PA endonuclease.
In summary, we showed that the Kampo medicines
Kakkonto, Shosaikoto, Saikokeishito, Keishito,
Maobushisaishinto, and Maoto possess inhibitory activity
against influenza viral PA endonuclease. They cleave
the 5' cap of host pre-mRNAs for use as primers for the
synthesis of viral mRNAs as templates for viral protein
synthesis, which is critical for viral multiplication (20).
These Kampo medicines are thus valuable materials for
the future discovery and development of active anti-PA
compounds for novel anti-influenza therapeutics.
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albumin-bound paclitaxel: A case report
Naofumi Hara1, Nobukazu Fujimoto2,*, Yosuke Miyamoto1, Tomoko Yamagishi1, Michiko Asano1,
Yasuko Fuchimoto1, Sae Wada1, Shinji Ozaki1, Hideyuki Nishi3, Takumi Kishimoto4
1

Department of Respiratory Medicine, Okayama Rosai Hospital, Okayama, Japan;
Department of Medical Oncology, Okayama Rosai Hospital, Okayama, Japan;
3
Department of Surgery, Okayama Rosai Hospital, Okayama, Japan;
4
Department of Internal Medicine, Okayama Rosai Hospital, Okayama, Japan.
2

Summary

An 81-year-old woman visited a local clinic due to chest pain and a skin induration on
the right precordia. She had a history of right breast cancer, and she had undergone a
mastectomy and radiation therapy 10 years prior. Computed tomography (CT) imaging
of the chest demonstrated a lobular mass that involved the right anterior thoracic wall
and partially extruded from the thoracic cavity into the subcutaneous tissue. The tumor
was surgically excised, and pathological analyses yielded a diagnosis of angiosarcoma.
Five months after the operation, CT imaging showed multiple masses on the right pleura,
indicating a local relapse and pleural dissemination of the angiosarcoma. Systemic
chemotherapy composed of nanoparticle albumin-bound paclitaxel (nab-PTX) (80 mg/m2)
was delivered weekly. After 4 courses of chemotherapy, the tumors regressed remarkably.
Nab-PTX may be an effective treatment option for recurrent or metastatic angiosarcoma.
Keywords: Angiosarcoma, paclitaxel, chemotherapy

1. Introduction

2. Case report

Angiosarcoma is an extremely rare malignant vessel
tumor that comprises 1% of all soft tissue sarcomas
(1). It develops in subcutaneous tissue at many sites
in the body, and a previous medical history of trauma,
breast cancer, and/or radiotherapy are considered risk
factors for the disease. Localized tumors are treated
with surgical removal. However, for recurrent and
unresectable conditions, there is limited evidence to
support chemotherapy regimens. Here, we describe a
patient with angiosarcoma that developed in the thoracic
wall, which responded well to systemic chemotherapy
composed of nanoparticle albumin-bound paclitaxel
(nab-PTX).

An 81-year-old woman was referred to our hospital
for an examination due to right chest pain. She had
a history of right breast cancer and had undergone
a mastectomy and adjuvant radiotherapy 10 years
prior. Upon examination, a skin induration with
tenderness was found on the right precordia. Computed
tomography (CT) imaging of the chest demonstrated
right pleural effusion and a lobular mass that involved
the right anterior thoracic wall; this mass had partially
extruded from the thoracic cavity into the subcutaneous
tissue (Figure 1A). On enhanced CT images, the
mass showed a contrast effect in the early stages of
the arterial phase. The tumor was surgically excised.
Pathological analyses of the tumor showed disarrayed
growth of hyperchromatic and vasoformative
mesenchymal tumor cells with abnormal mitosis (Figure
2A). Immunohistochemical analyses revealed that the
cells were positive for CD31 (Figure 2B) and CD34
(Figure 2C), but negative for epithelial markers, S-100
(Figure 2D) and D2-40 (Figure 2E). Based on these
findings, the diagnosis was confirmed as angiosarcoma.
Five months after the operation, CT images showed
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multiple masses on the right pleura, indicating a local
relapse and pleural dissemination of the angiosarcoma
(Figure 1B). Systemic chemotherapy composed of nabPTX (80 mg/m2) was delivered weekly. After 4 courses
of chemotherapy, the masses in the pleura regressed
remarkably (Figure 1C). The only adverse event was
alopecia, no myelosuppression or neurotoxicity was
observed. After a total of 14 courses of chemotherapy,
multiple tumors reappeared, and the patient died at

Figure 1. Computed tomography images of the chest. (A)
Right pleural effusion and a lobular mass (white arrowhead)
were observed at the initial examination. (B) Multiple masses
on the right pleura (red arrowheads) appeared 5 months after
the operation. (C) Regressed masses on the pleura after 4
courses of chemotherapy.

18 months after the initial diagnosis. Autopsy was not
allowed.
3. Discussion
Angiosarcoma is an uncommon malignant vessel tumor.
Angiosarcoma can develop in the subcutaneous tissue
in almost all parts of the body, but the most common
sites are the head and neck, followed by the breast and
liver (2). Angiosarcoma of the pleura is extremely rare
(3). A history of breast cancer and radiation therapy are
known risk factors for this disease (4,5), and both these
factors were present in the current case study. There is
limited evidence to support chemotherapy regimens for
unresectable and recurrent angiosarcomas; however,
a few reports have suggested that anthracyclines,
ifosfamide, and taxanes are potential treatment options.
A retrospective study showed that, when paclitaxel was
used to treat unresectable angiosarcomas, progressionfree survival was achieved for 6.8 months for scalp
angiosarcoma and 2.8 months for sites below the clavicle
(6). Nab-PTX is a novel, soluble, polyoxyethylated,
castor oil-free, biologically interactive form of paclitaxel,
which allows shorter infusion times and requires no
premedication for hypersensitive reactions. Nab-PTX
has been approved for breast cancer (7), non-small
cell lung cancer (8), and gastric cancer (9) in Japan.
Moreover, in the future, it will be used in more patients
as an alternative to PTX. In the current case, nabPTX was delivered to an aged patient with recurrent
angiosarcoma that had disseminated in the pleura. This

Figure 2. Pathological analyses. (A) Resected tumor specimen showed disarrayed growth of hyperchromatic and vasoformative
mesenchymal tumor cells with abnormal mitosis (×40). Immunohistochemical analyses revealed that the cells were positive for
CD31 (B) and CD34 (C), but negative for epithelial markers, S-100 (D) and D2-40 (E) (×40).
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treatment elicited a favorable response and few adverse
events, though the tumor acquired resistance eventually.
To our knowledge, the current case was the first to show
that angiosarcoma significantly responded to nab-PTX.
Our results suggested that weekly administration of nabPTX may be an effective treatment option for recurrent
angiosarcoma.
In conclusion, we described a case of angiosarcoma
in the pleura, which showed a significant response to
nab-PTX.
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Summary

Infiltration is a frequent complication of infusion therapy. We previously demonstrated
the usefulness of infrared thermography as an objective method of detecting infiltration
in healthy people. However, whether thermography can detect infiltration in clinical
settings remains unknown. Therefore, we report two cases where thermography was
useful in detecting infiltration at puncture sites. In both cases, tissue changes were verified
ultrasonographically. The patients were a 56-year-old male with cholangitis and a 76-year-old
female with hepatoma. In both cases, infiltration symptoms such as swelling and erythema
occurred one day after the insertion of a peripheral intravenous catheter. Thermographic
images from both patients revealed low-temperature areas spreading from the puncture
sites; however, these changes were not observed in other patients. The temperature difference
between the low-temperature areas and their surrounding skin surface exceeded 1.0°C.
Concurrently, ultrasound images revealed that tissues surrounding the vein had a cobblestone
appearance, indicating edema. In both patients, subcutaneous tissue changes suggested
infiltration and both had low-temperature areas spreading from the puncture sites. Thus,
subcutaneous edema may indicate infusion leakage, resulting in a decrease in the temperature
of the associated skin surface. These cases suggest that infrared thermography is an effective
method of objectively and noninvasively detecting infiltration.
Keywords: Peripheral intravenous catheter, complications, early detection, ultrasonography

1. Introduction
Infiltration, one of the most frequent complications of
infusion therapy with peripheral intravenous catheters
(1), is defined as "inadvertent administration into the
surrounding tissue" by the Infusion Nurses Society (INS)
(2). When infusion agents leak from vessels and soak
into the subcutaneous tissue, the contents, i.e., anticancer
drugs and contrast media as well as other types of agents,
*Address correspondence to:
Hiromi Sanada, Department of Gerontological Nursing/
Wound Care Management, Graduate School of Medicine, The
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 1130033, Japan.
E-mail: hsanada-tky@umin.ac.jp

can cause erythema, induration, and even necrosis (35). Patients with infiltration often experience pain and in
severe cases are left with persistent disabilities in their
arms (6). Thus, infiltration can be a serious adverse event
that warrants careful observation to detect abnormalities
early during administration.
The INS have created an Infiltration Scale that
is used to assess signs and symptoms such as "skin
blanched", "edema", "cool to touch", "pain", and
"numbness" (1). Even if patients are closely monitored
for these signs and symptoms, confusion can often
occur; as an example, agents can continue flowing
despite obvious infiltration symptoms or can stop
flowing without obvious infiltration symptoms. Hence,
the assessment of infiltration can often be difficult in
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clinical settings.
Our group has sought to develop an objective
method for early detection of infiltration by focusing
on the symptom "cool to touch". Although infiltrating
drugs are thought to lower the temperature of the
surrounding tissues and the skin surface, few studies
have examined this phenomenon. An experiment in
dogs showed that microwave radiometry could be
used to observe the decline in skin temperature during
extravasation of doxorubicin into subcutaneous tissues
(7). In addition, we used infrared thermography in
an experiment to examine a model of infiltration in
healthy adults (8). A circle-like low-temperature area
around the puncture site was produced by intentionally
allowing normal saline to leak into subcutaneous tissue;
the resulting temperature differed from that obtained
by the infusion of normal saline into the vessel. This
thermal change occurred prior to pain manifesting,
suggesting that thermography would be useful at early
and noninvasive detection of infiltration. However,
infiltration was intentionally produced in the model,
so whether thermography could detect infiltration in
patients with actual changes in their subcutaneous
tissue was unknown.
Recently, ultrasonography has advanced greatly,
particularly with respect to the depiction of peripheral
veins. We previously reported that edema of the
subcutaneous fat layer could be observed with ultrasound
in patients with infiltration (9). To confirm whether
thermographic images can practically indicate infiltration
in patients with subcutaneous changes, we report two
cases where thermal changes were evident in patients
along with ultrasonographic signs and symptoms.
Our contention is that the efficacy of thermography
in detecting infiltration can be enhanced with
ultrasonography.
2. Case Report
Adults undergoing peripheral intravenous catheterization
in an internal medicine ward of a university hospital in
Tokyo, Japan were monitored for infiltration. Infrared
thermography and ultrasonography were performed
on puncture sites immediately after catheter insertion
and before removal. Ultrasonography was performed
using portable ultrasound equipment (Noblus, Hitachi
Aloka Medical Ltd., Tokyo, Japan) with a linear-array
transducer (5-18.0 MHz). To identify the catheterized
vein, the focus range and the image depth were set at 1.52.5 cm. Infrared thermography images (Thermo Shot,
Nippon Avionics Co. Ltd., Tokyo, Japan) were obtained
with a range of 5.0°C and an emissivity value of 0.98
and those images were analyzed using the InfReC
Analyzer NS9500 Lite (Nippon Avionics Co. Ltd.,
Tokyo, Japan). This study was approved by the Research
Ethics Committee of the Graduate School of Medicine,
the University of Tokyo (approval No. #10348).
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Figures 1 and 2 show the results for a patient who
completed four days of infusion therapy without any
complications. There were no macroscopic signs and
symptoms, and none of the ultrasound images showed
marked changes in the subcutaneous tissue, the vessel,
or the catheter position upon insertion and removal.
Both thermographic images showed similar temperature
patterns around the puncture site. Two cases of patients
with symptoms and signs of infiltration will now be
reported.
2.1. Case 1
A 56-year-old man was admitted for cholangitis and a
22-gauge ethylene tetrafluoroethylene catheter (Surshield
Surflo2, Terumo Corporation, Tokyo, Japan) was inserted
in his right forearm to administer two doses of antibiotics
and a continuous maintenance solution. A problem was
noted at the puncture site, and the catheter removed
approximately 23 h after insertion. Upon examination,
swelling with a minor axis of 5 cm and a major axis of 6
cm, cool skin, and paresthesia were noted at the puncture
site, indicating Grade 2 infiltration according to the
Infiltration Scale.
Ultrasound images taken before the removal of the
catheter revealed subcutaneous edema as indicated by
tissue with a cobblestone appearance that was not present
at the time of insertion; however, the catheter was still
in the vessel (Figure 3). Thermographic images showed
a low-temperature area mainly at the dressing site at the
time of insertion (Figure 4A), but a low-temperature area
spreading from the puncture site was observed when the
catheter was removed (Figure 4B). This low-temperature
area corresponded to the site of the swelling. The
temperature at the center of the low-temperature area
was 32.2°C and that in the surrounding area was 33.4°C,
indicating a temperature difference of 1.2°C.
2.2. Case 2
A 76-year-old woman was admitted for radiofrequency
ablation of a hepatoma. A 22-gauge catheter of the same
type used in Case 1 was inserted in her left forearm
and retained with a heparin lock. During the procedure,
glucose and Ringer's lactate solutions were administered
together with antibiotics and an analgesic. However, a
problem at the puncture site was noted approximately 25
h after catheter insertion while the patient was receiving
postoperative glucose and Ringer's lactate infusions.
Examination revealed swelling and erythema with a
minor axis of 2 cm and a major axis of 3 cm, pain on
movement, and cool skin, indicating Grade 2 infiltration
according to the Infiltration Scale.
Ultrasound images before catheter removal showed
tissue with a cobblestone appearance and thicker
subcutaneous tissue than was noted at the time of
insertion (Figure 5). Although the vein was barely visible
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Figure 1. Representative ultrasound images from a normal patient. (A) Longitudinal and (B) transverse scan after catheter
insertion; (C) longitudinal and (D) transverse scan before removal (4 days after insertion). Arrowheads indicate the catheter, with
the vein shown between arrows. There were no marked differences between the time of insertion and removal.

Figure 2. Representative thermographic and macroscopic images from a normal patient. (A) After insertion and (B) before
removal. There were no complications at the time of removal, and similar temperature patterns were observed.

because of its small diameter, the catheter appeared to
be within the vessel. Figure 6B shows a thermographic
image with a widely spread low-temperature area at
the time of removal, whereas figure 6A shows no lowtemperature area at the time of insertion. The temperature
was 31.9°C at the center of the low-temperature area
and 33.3°C outside that area, indicating a temperature
difference of 1.4°C.

3. Discussion
Both of the current patients displayed infiltration
symptoms during peripheral intravenous catheterization.
Infrared thermography revealed a low-temperature area
in both patients, and the temperature of this area differed
by more than 1.0°C in comparison to the temperature
of the surrounding tissue. Ultrasonographic changes in
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Figure 3. Ultrasound images from the patient in Case 1. Images (A) and (B) are after insertion and images (C) and (D) are
before removal, when infiltration symptoms were observed. Arrowheads indicate the catheter, and the vein is between the arrows.
Images (C) and (D) show tissue with a cobblestone appearance around the vein (circled area).

Figure 4. Thermographic and macroscopic images from the patient in Case 1. (A) After insertion; (B) before removal
(with clear visible images). Image (B) shows a low-temperature area spreading from the puncture site. The center of the lowtemperature area (a) was 32.2°C and the surrounding area (b) was 33.4°C.

subcutaneous tissue were evident in both patients, and
these changes (e.g. tissue with a cobblestone appearance)
were indicative of edema. The drop in the temperature of
the tissue and skin surface may have been the result of an
infusion leaking into surrounding tissues. Thermographic
observation of the puncture site was therefore a useful
method of detecting subcutaneous abnormalities during

infusion in these patients.
An experiment involving extravasation of
doxorubicin in dogs showed that a temperature decrease
of more than 1.0°C was likely to indicate infiltration
(7). This finding is supported by evidence that skin
temperature decreases less than 1.0°C during proper
intravenous therapy. In both of the current patients, the
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Figure 5. Ultrasound images from the patient in Case 2. Images (A) and (B) are after insertion and images (C) and (D) are
before removal, when infiltration symptoms were observed. Arrowheads indicate the catheter, and the vein is between the arrows.
Images (C) and (D) show surrounding tissue with a cobblestone appearance.

Figure 6. Thermographic and macroscopic images from the patient in Case 2. (A) After insertion and (B) before removal (with
clear visible images). The rectangle represents the position of the catheter hub. Image (B) shows a low-temperature area spreading
widely from the puncture site (circled area). The center of the low-temperature area (a) was 31.9°C, and the area beyond the lowtemperature area (b) was 33.3°C.

temperature decrease in comparison to surrounding
areas was greater than 1.0°C, suggesting a potential
threshold for the detection of abnormalities during
peripheral intravenous catheterization. However, the
experiment in dogs showed that greater amounts of
extravasation and more rapid flow rates caused a sharper
drop in temperature. The thermography images in this

case report were taken after infusions were stopped,
but observations at different times and different rates
of infusion could result in substantial disparities in the
temperature difference.
In a previous study, we examined a model of
infiltration by inserting a catheter directly into
subcutaneous tissue, producing a low-temperature area
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that appeared as a localized circle at the tip of the catheter
on thermography (8). In both of the current cases, the
low-temperature area spread from the puncture site but
ultrasound images showed no deviation of the catheter
from the vessel. The actual phenomena of infiltration
may produce different thermal patterns on the skin
surface depending on where a catheter is inserted. Further
research with a larger sample is needed to identify
patterns of temperature changes, but the current cases
do offer clues to diagnostic information to help with the
objective and noninvasive diagnosis of infiltration.
Several techniques have been reported to decrease
complications in infusion therapy (10,11). However,
evaluating macroscopic symptoms objectively is difficult.
For example, patients who are unconscious or who have
peripheral neuropathy cannot feel or complain of pain. In
such instances, thermographic evaluation could provide
an objective and reliable method of detecting infiltration.
In both of the current patients with infiltration, there
was evidence of a relationship between a spreading lowtemperature area and subcutaneous edema depicted
ultrasonographically. However, further research is needed
to determine when and how to judge abnormalities
based on thermal changes during peripheral intravenous
catheterization. Those findings could allow infrared
thermography to be used to detect infiltration.
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