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Preface

The stomach is one of the most critical organ in our body and is also the one that suffers
most, because it carries many burdens in addition to its own duty. Our biological body relies
on two sources of supply from the environment: oxygen taken in through the respiratory
system and food through the digestive tract. While breathing is an involuntary action,
meaning that the body does it automatically without our effort, eating is not. If we do not
eat actively, we will die of starvation. The Chinese has an old saying, “Living is for eating
and wearing,” and another one goes like this, “Eating and sleeping are essential for life.”
They both recognize the importance of eating. In modern civilization, eating is no longer just
a way to provide nutritional supply to the body. It has become an entertainment activity as
well. We like to entertain our taste buds with various food, all sorts of flavors, and some-
times even try some exotics just for fun. We eat French cuisine today and perhaps Italian
tomorrow; Kentucky fried chicken for lunch, and perhaps Korean barbecue for dinner. As a
result, our stomach has to learn to deal with all of these frequent changes. One might say,
“That’s a duty for being a digestive organ. What else do you expect?” Well, let’s say this is
true. We must eat when we are hungry, but what about drinking? Every time when we are
thirsty, we will let the stomach carry a load of liquid. If it is just water, that would be fine
too. But, a lot of people are carelessly pouring whisky or vodka down the throat. These bev-
erages contain at least 40% ethanol and can damage the stomach lining and cause gastritis,
ulceration, or even gastric malignancy. What is even worse is smoking. Supposedly smoking
ought to be a job for the respiratory system, but part of our digestive system (mouth and
esophagus at least) has to suffer from it as well. Smoking can not only weaken the lower
esophageal sphincter and allow acid reflux to happen but can also reduce mucus secretion
in the stomach and elevate the risk of gastric ulcers or even cancer. That’s not all. Every time
when we are sick, we feed the stomach with all kinds of drugs regardless whether it is a
stomach problem. Moreover, some people have no self-control over food. They keep eating
and eating and eventually become obese, but they blame the stomach for it. They either have
their stomachs tightened up with a band (gastric band) or have a slice cut off (sleeve gastrec-
tomy). Even after all these, our stomach still keeps doing its job day and night dutifully and
makes sure our body gets the best quality supplies that this organ can possibly provide.

The stomach is commonly known as a digestive organ; however, as pointed out in Chapter
1, its functions are far beyond simple digestion. First, the stomach is a place for food storage,
and for this reason, we do not need to eat frequently in order to maintain health. This allows
us to be able to concentrate on our work for hours without being distracted by food con-
sumption. The stomach can also act as the first line of defense for our body by sterilizing the
food that we have swallowed. Although the food has been passing through the mouth and
the esophagus before reaching the stomach, these two parts of the digestive system do not
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have sophisticated defense mechanisms, and the food only stays in there briefly. The true
interface between our internal biological machinery and the external world is our stomach.
Once the food gets into the stomach, the stomach keeps the food inside for several hours
and washes the food with its highly acidic juice up and down, back and forth, making sure
there is no chance for any pathogens to go further into the rest of our body.

Among all the cancers known so far, gastric cancer is ranked globally as number five by its
prevalence and number three by its mortality. Like other digestive disorders, gastric cancer
is more common in developing countries, particularly in East Asia and Eastern Europe.
Among all the risk factors, Helicobacter pylori infection has been found to be the predominant
one. Considering the fact that more than half of the world population is carrying this bacte-
rium, we can imagine the risk of stomach cancer. Over 90% of gastric malignancies are ade-
nocarcinoma, which develops from the glandular epithelial cells. Chapter 2, “Molecular
Pathogenesis of Gastric Adenocarcinoma,” written by scholars from the Chinese University
of Hong Kong, gives us an update about this disease from molecular perspective and raises
several interesting questions about molecules involved in the cancer development and their
therapeutic potential. It opens up some urgent areas for us to dig deeper.

There are many disorders associated with the stomach, but gastric ulcer is the most common
chronic infection in the entire human population. Although it mainly affects the developing
countries, it can be found in other regions of the world as well. Helicobacter pylori infection has
been blamed for the majority of cases; therefore, eradication of the bacterium has helped to
control the disease significantly. However, the stomach lumen contains some powerful harsh
agents (such as hydrochloric acid and pepsin) that can cause ulceration whenever there is a
chance for them to make a direct contact with the gastric epithelium. For this reason, any
damages to the mucous layer of the stomach can be opportunities for ulcers to develop. The
long-term use of nonsteroidal anti-inflammatory drugs (NSAIDs) creates such opportunities.
NSAIDs function as pain relievers by inhibiting cyclooxygenase (COX), which is responsible
for the synthesis of prostaglandin. Without adequate prostaglandin, the mucous layer cannot
be renewed as it is needed periodically, and as a consequence, the gastric mucosa becomes
vulnerable for any harsh agents. People have a long history of using various plants or their
derivatives to treat stomach ulcers. Chapter 3, “The Purview of Phytotherapy in the Manage-
ment of Gastric Ulcer,” contributed by our African colleagues, broadens the topic further by
reviewing nearly 70 species of plants that have been reported for their antiulcer effects. This is
an excellent reference for people who are interested in some further studies on these plants,
such as molecular mechanisms of their actions in gastric protection, etc.

Portal hypertensive gastropathy (PHG) and gastric antral vascular ectasia (GAVE) are two
poorly studied conditions, basically referring to two types of gastritis in patients with portal
hypertension. However, their pathophysiology and treatment options are different. It
should be clear that not all portal hypertension patients will develop PHG or GAVE defi-
nitely. PHG only happens to 20-75% of portal hypertension patients. They both can cause
gastric bleeding and other complications. As portal hypertension is mainly caused by cirrho-
sis, both PHG and GAVE are frequently found in association with liver cirrhosis. In Chap-
ters 4 and 5, Dr. Ramai, Linn, and Reddy (Brooklyn Hospital Center, USA, and St George’s
University School of Medicine, Grenada) and Dr. Gamie (Helwan University, Egypt) update
us with a detailed review on these rare diseases. Reading through these papers gives you an
urgent feeling for more study, because the available data are just too inconclusive.
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Gastroenteritis, commonly known as the “stomach flu,” is an infectious disease, although it
has nothing to do with influenza. It is mainly caused by viruses, especially rotavirus, which is
responsible for about 70% of the patients, but other pathogens like bacteria, parasites, and
even fungi can induce gastroenteritis as well. Children are the main targets, especially in de-
veloping countries. In the United States, gastroenteritis represents the second most common
infection after the common cold. Among 2 billion cases worldwide in the year 2015, 1.3 million
were dead, and most of them were children under five. Although we were unable to include
an essay on human gastroenteritis in this book, Chapter 6, “Application of Transmission Elec-
tron Microscopy Techniques in the Veterinary Diagnosis of Viral Gastroenteritis in Livestock
Animals,” contributed by Catroxo and Martins, introduces the disease in livestock and gives a
detailed description on how to use electron microscope to identify the pathogens. Coincident-
ly, rotavirus was also found as the main cause of animal gastroenteritis. Therefore, this work
remains valuable to our human studies. Besides, electron microscopic technique is universal.
In order to make the best vaccines for this disease, identification of the pathogens is critical.
Transmission electron microscopy has been proved to be a reliable method to do the job.

We can choose what to eat, when to eat, and how to eat. However, whatever we eat, the
stomach is the first station to store it, to inspect it, to process it, and finally to issue a pass for
its next journey. Without a healthy stomach, we cannot have a happy life. So, please take
good care of it.

Jianyuan Chai, PhD
Baotou Medical College, China
University of California, USA

Xl






Chapter 1

Introductory Chapter: Stomach-Beyond Digestion

Jianyuan Chai
Additional information is available at the end of the chapter
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1. Introduction

The human body essentially relies on two sources to provide energy and building blocks,
oxygen and food. The oxygen is taken in through the respiratory system and can be utilized
almost directly for metabolic reactions, while food, after eaten, has to be sent on to a long jour-
ney of digestion before becoming utilizable nutrients to nurture the body. This heavy lifting
is done by the digestive system. According to the World Health Organization (WHO), more
than 6 million people on earth die of various digestive disorders every year [1], only second
to heart disease (~7 million). Therefore, it is absolutely vital to understand how this system
works and to take good care of it.

The human digestive system is more or less a 9-m long tube starting from the mouth and end-
ing at the anus, plus some accessary glands including liver, pancreas, and gallbladder. The
food is first chewed in the mouth, then swallowed down through the esophagus, and stays
in the stomach for several hours, depending on the nature of the food and the motility of the
organ, before it is sent to the small intestine to be extracted. The word stomach is originally
derived from the Greek word stomachos, stoma meaning “mouth.” It is essentially an enlarge-
ment of the digestive tract between the esophagus and the duodenum. We also frequently use
the word gastric when we talk about stomach-related issues, and the word gastric is derived
from the Greek word gaster, meaning “belly.”

The stomach is separated from the rest of the body by two muscular rings, which keep the
stomach contents contained. The lower esophageal sphincter, at the junction of the esophagus
and the stomach, prevents the highly acidic gastric materials from backing up into the esoph-
agus, otherwise esophageal damages may occur; while the pyloric sphincter, at the junction
of the stomach with the duodenum, controls the amount of partially digested food to go into
the duodenum, giving the small intestines enough time to absorb as much nutrients from the
food as possible. The stomach sends food into the duodenum only when the intestine is not
occupied.

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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The stomach is commonly known as a digestive organ. Although the major digestive events
take place in the small intestines where multiple enzymes meet their right conditions, the
process of digestion actually begins at the moment of eating. Chewing is a form of mechani-
cal digestion, which crushes the food from big pieces into smaller ones, and the saliva con-
tains digestive enzymes like amylase and lipase, which can break down carbohydrates and
lipids. The stomach represents the second phase of digestion, which breaks down proteins
into small peptides and thereby facilitates the intestinal digestion. Like the other parts of
the digestive tract, the human stomach wall is structurally made of mucosa, submucosa,
muscularis externa, and serosa at the histological level. The gastric mucosa consists of the
simple columnar epithelium, some loose connective tissue called the lamina propria, and a
thin layer of smooth muscle called the muscularis mucosae, which separate the mucosa from
the submucosa beneath. At the cellular level, there are several types of secreting cells embed-
ded within the gastric epithelium. The outermost surface of the stomach is lined with the
foveolar cells, which produce alkaline mucus for shielding the epithelium from the stomach
acid. The stomach has to regenerate a new layer of mucus every 2 weeks, otherwise damage
to the epithelium may occur. The parietal cells, mainly found in the fundus and the stomach
body, are responsible for making hydrochloric acid to sterilize the food that is brought in by
the esophagus. In addition, the parietal cells also make a glycoprotein called intrinsic fac-
tor, which is required for vitamin B12 absorption. Then, the chief cells, located in the deep
mucosa, produce an enzyme precursor called pepsinogen. Only in the acidic environment,
this molecule can become the active enzyme pepsin for proteolysis. The production of hydro-
chloric acid is regulated by a hormone called gastrin, which is secreted by another type of
cells called G cells. The G cells are usually located in the middle portion of the pyloric glands
and are occasionally also seen in the duodenum and pancreas. All of these endocrinal cells
coordinately work together for digestion. Basically, once the stomach is filled with food, the
G cells start to secrete gastrin to stimulate the release of hydrochloric acid from the pari-
etal cells and pepsinogen from the chief cells. Hydrochloric acid then converts pepsinogen
into pepsin, which ultimately breaks down proteins into small peptides readily for the small
intestines to absorb or to process further.

Pepsin is one of three proteases that we have for protein digestion, and the other two, tryp-
sin and chymotrypsin, are both derived from the pancreas. When the mucous coating of the
stomach is damaged by bacterial infection or drugs use, pepsin can reach the gastric epithe-
lium and cause gastritis or ulceration. Overproduction of hydrochloric acid can also cause
gastric ulcers. Zollinger-Ellison syndrome is a good example, in which ulcerations develop
in the stomach due to tumor-related excessive gastrin release. Gastrin increases both the
number of parietal cells and the production of hydrochloric acid [2]. As a result, the mucous
layer could not deal with the overwhelming acidity and eventually gives in, then ulceration
takes place.

For people who have gastroesophageal reflux disease (GERD), pepsin can be brought up
into the esophagus along with the stomach acid to cause esophagitis or esophageal ulcers. If
it goes up further into the larynx or pharynx, laryngitis or pharyngitis may occur. Chronic
reflux is also possible to induce bronchitis or pneumonia. GERD is the most common gastro-
intestinal diagnosis given during office visits. In the United States, the overall costs of GERD
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management exceed $85 billion a year [3, 4]. Today, over 60% of Americans experience occa-
sional episodes of acid reflux, and about 25% have to deal with the problem on a weekly basis
[5]. Current GERD treatment primarily relies on acid-suppressive medications. However,
inhibition of acid secretion can cause various digestive disorders, because hydrochloric acid
is an essential element for the stomach to function normally. People who have received this
type of treatment have shown multiple side effects such as diarrhea, constipation, decreased
absorption of vitamins/minerals, and susceptibility to bacterial infections, bone fracture, and
even elevated risk of cancer [6]. Over the years, the Food and Drug Administration of the
United States has issued warnings repeatedly against this type of drugs.

In addition to digestion, the stomach can also function as a place for absorption. Although
the main absorption in the human digestive system takes place in the small intestine, some
small molecules nevertheless can be picked up in the stomach through its lining. This includes
water, medication, amino acids, alcohol, caffeine, and some water-soluble vitamins.

The second important function of the stomach is for storage. In the animal kingdom, there
is not always plenty of food available to eat or to obtain easily. Very often animals have to
risk their lives to fight for a meal. Death due to starvation is very common in the wild world.
During the history of evolution, animals learned to adapt this situation by developing an
internal pouch to store extra food that they had acquired, so that they could stay alive for a
period of time without constant hunting and eating. This structure is the stomach. In some
animals, like ruminants, this organ can be very fancy and complicated. For this type of ani-
mals, every meal could be an adventure, a life-threatening event, because they usually do not
possess excellent fighting skills to protect themselves against predators. Consequently, they
have developed a big stomach that is able to hold a large quantity of food. For example, the
stomach of a cow can retain 95 1 of undigested materials. When they are in a safe place, they
can regurgitate the food from the stomach and chew it more slowly and efficiently. The human
stomach, on the other hand, is relatively small and can only hold up to 11 of food. Because
human beings have been more skillful survivors by nature comparing to other animals, and
they do not always have to face the danger in order to feed themselves, carrying a big stomach
would be a burden to them. Nevertheless, the human stomach has experienced the same path
of evolution anyhow. Although they do not need to store a lot of food internally for survival,
having a food pocket like the stomach has still made their lives much easier. In a modern civi-
lized society, most people eat only 2—4 meals a day, and sometimes eating to them is not for
hungry but just a social activity for pleasure. This allows them to be able to spend the rest of
the day doing other things, such as listening to music, playing tennis, or walking on the beach.
Even if you have to rush to work after eating, having such an internal pocket to save a big steak
or a milkshake is amazing.

However, when the stomach has storage issues, the life of the patient can be problematic. For
instance, for people with gastric cancer or severe gastric perforation, their stomach has to be
removed partially or completely through gastrectomy, consequently, they will have to eat
more frequently in order to uptake adequate nutrition. On the other hand, for people with
obesity, to help them to lose weight, a gastric band may be placed around the cardia area to
reduce the stomach capacity or to bypass the stomach entirely, so that they will not be able to

3
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eat as much as they used to. However, after this kind of surgeries, a condition called dump-
ing syndrome may develop, in which patients experience abdominal cramps or diarrhea soon
after eating, especially for food containing high level of carbohydrates, because the small
bowel is not made to handle the food rush without a proper preparation and regulation by
the stomach [7].

Defense is another important function of the stomach that should not be overlooked. As we
said at the beginning, there are two major passageways through which the human body
actively takes in raw materials from the environment, oxygen through the respiratory system
and food through the digestive system. As a result, these two passageways become the easi-
est routes for pathogens to invade our body. The Chinese has an old saying, “Illnesses are
all derived from the mouth.” It tells some truth about the importance of our eating habits.
During the history of evolution, the mankind has learned to cook, which has two purposes:
one is to make the food easier to digest and absorb after denaturation, and the second is to
kill the pathogens hidden in the food. In the modern civilized world, most people primarily
live on cooked food, but sometimes we like to taste the freshness of raw materials like fresh
vegetables, fruits, and even raw meat occasionally. Although these goods have already been
cleaned up before sold in the market, there are still a lot of people who have no access to these
modern hygienic facilities. They eat whatever harvested directly from the field or leftovers
without the necessary heating-up. These life styles have accidentally turned on the green light
to the pathogens. One-third of the world’s digestive fatalities is caused by diarrhea, making
it the most common digestive disorder in the undeveloped regions. For instance, in Angola,
diarrhea is responsible for more than 17% of the total number of annual deaths. Fortunately,
our digestive system has evolved with some fantastic defense mechanisms. If the food does
not taste right, we can get it out of our system by spitting or vomiting. However, our taste
buds cannot always distinguish whether there are pathogens in the food. For most of the time
after eaten, it is up to the stomach to deal with whatever comes next. Thankfully, we have an
amazing stomach, which can function as a sterilizer by creating a highly acidic environment
inside our body and keeping its acidity around pH 2.0 for most of the time. Pathogens can
rarely survive through such a harsh condition [8]. That eliminates numerous risks we might
have to deal with otherwise. So, we should be very careful when it comes to acid-suppressive
treatment.
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Abstract

The incidence and mortality of gastric cancer (GC) rank top five and top three, respectively,
among cancers around the world. It is an intricate malignancy caused by the reciproc-
ity of intrinsically genetic, environmental, and host-related elements. The silent property,
advanced clinical characterization, and potential heterogeneity have made GC a thorny
disease with a high death rate. The increasing knowledge of the abundant genetic abnor-
malities regarding GC will definitely elongate the patients” survival. Scientists have been
working hard to discover the myths beneath gastric tumorigenesis: novel biomarkers have
been established, and cell transduction cascades have been well described. The study
grouping GC into four molecular subtypes by The Cancer Genome Atlas (TCGA) broadens
our horizon of GC etiologies. Knowledge regarding to the sophisticated networks in tumor
microenvironment also bring new insights into the mechanisms assist GC development. In
the future, people will strive for translating more research achievements into clinical util-
ity. Successful translational medicine will lead to new methods for early GC diagnosis and
precise medical strategies for individuals.

Keywords: gastric adenocarcinoma, molecular classification, pathogenesis

1. Introduction

Gastric cancer (GC) is the fifth most common malignancy worldwide and third leading
cancer-related death. Because of poor diagnosis, 5-year survival rate of GC is rather low,
ranging from 15 to 52% [1, 2]. The incident rates are higher in men than in women. GC con-
tributes over 20% of morbidity and mortality to cancer all over the world annually, follow-
ing lung and liver cancer, which account for 23 and 28%, respectively. In 2012, approximate
723,000 deaths and more than 950,000 new GC cases were reported worldwide. Despite the
incidence of GC has been declining in the North American and most of the west European
countries, GC remains a type of prevailing cancer with increasing risk in regions including

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN



8

Stomach Disorders

Asia, Eastern Europe, and certain areas of Latin America [3]. Particularly, adenocarcinomas,
which developed from the glands of the most superficial layer or the mucosa, take up 90% of
GC. The rest types of GC include mucosa-associated lymphoid tissue (MALT) lymphomas,
which originate from the muscles surrounding mucosa areas of the stomach [4].

The risk factors include environmental factors, such as Helicobacter pylori infection, cigarettes
smoking and high-salt diet, and host genetic alterations. Although the incidence of GC has
shown a dramatic decrease in recent years due to H. pylori eradication, the overall survival
is still quite poor due to its silent nature, late clinical presentation, and genetic heterogene-
ity. Thus, comprehensive understanding of the detailed molecular mechanisms and accurate
pathogenesis of GC will improve patient outcome. Recently, several kinds of molecular clas-
sification of GC have been provided to reveal the genomic landscape of GC and decipher the
crucial molecular changes. Among them, The Cancer Genome Atlas (TCGA) classification is
a milestone for the molecular characterization of GC. Clinical translation of these molecular
findings will provide novel strategies for early GC detection and promote precision therapies
for GC patients.

2. The risk factors of GC

GC is defined as a tumor with multifactorial etiologies. Environmental alteration and genetic
factors play major roles in GC, particularly, virus infection, dietary habits, and lifestyles are
recognized to be critical factors.

H. pylori is a common human pathogen, contributing to both malignant and benign diseases.
Among all the risk factors of GC, H. pylori is considered to be the most predominant factor,
up to 80% of GC cases are led by H. pylori infection. At least 660,000 new diagnoses are mak-
ing annually [5, 6]. Data in western countries indicated that H. pylori is a major risk factor for
only non-cardia GC instead of cardia GC [5]. It has been noted that the death number of GCis
decreasing in many developed regions, partially related to eradication therapy and improved
living condition in certain populations and regions [7]. Given the worldwide aging problem
and the migration trend of people from high to low prevalence regions, the mortality is very
likely to increase in the future [8]. H. pylori infection alone is not sufficient to trigger GC. Chiba
et al. suggested H. pylori infection contributed to GC development via two potential mecha-
nisms, either caused chronic inflammation or directly acted on epithelial cells [9]. In general,
H. pylori colonizes the gastric mucosal epithelium and induces chronic inflammation at the
beginning of infection, while persistent inflammation resulted in GC [10, 11]. Cytokines and
chemokines produced by the tumor microenvironment facilitate cell proliferation and migra-
tion, and keep cells from apoptosis and immune detection [12]. Cytokines released by differ-
ent cell sources have been described as suggestive indicators in the progression of GC. The
serum level of Tumor necrosis factor-a (TNF--a) in GC was found greatly reduced, however,
levels of TNF-a in stage III or IV GC patients showed a significant elevation when compared
to levels in earlier stage patients [13]. Besides, the secretion of Interleukin-1 (IL-1) contrib-
utes to tumor cell proliferation and progression. In addition, IL-6, IL-10, and Transforming
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growth factor-p (TGF-B) improve survival of GC cells by promoting cell invasion and sup-
pression of antitumor immunity. IL-11, IL-17, IL-18, IL-22, and chemokines secreted by a
specific cell type also improve the progression of GC [14]. Major types of virulence factors of
H. pylori include cytotoxin VacA, the type IV secretion system (T4SS), and the CagA effector
protein. These factors are associated with multiple cellular responses, such as induction of
oxidative stress and epithelial barrier disruption, in various model systems [15].

Epstein-Barr virus (EBV), also termed as human herpesvirus 4 (HHV-4), is one of the most
prevalent viruses in humans. EBV was the first virus identified in human carcinoma in 1964
[16]. Approximately 95% of adults in the world are infected by EBV due to the positive
detection of serological EBV markers. EBV infection may not cause severe symptoms and
disease. After primary infection, EBV establishes a carrier state called latent stage. However,
latent EBV infection could subsequently become high-risk oncogenic factors associated with
human malignancies. EBV has been known as another significant pathogen exists in GC
cells. According to worldwide data, EBV-associated GC (EBVaGC) accounts for 10%, in aver-
age, of total GC cases. Most of the EBVaGC cases were epithelial tumors, while lymphoep-
ithelioma-like carcinomas take up 90% of the rest rare EBVaGC cases. EBVaGC presents
distinct clinic properties, such as predominance among male and younger individuals and
predominant proximal stomach location [17]. EBV infection can be achieved by two differ-
ent entry mechanisms, either via B cell entry or fusion with epithelial cells directly [18, 19].
EBVaGC occurs in the upper and middle stomach in the majority. Fukayama et al. indicated
the tumor distribution in the stomach, with the proportion that 58% in the cardia, 33% in
the body, and 9% in the antrum [20, 21]. They also depicted the appearance of EBVaGC as
ulcerated or saucer-like, with obvious thickened gastric wall. Moreover, the lymph node was
less frequently involved during early stage within the submucosa. These characteristics are
proposed to be favorable prognosis indicators. Histological studies provide evidence that
immune cell infiltration was a feature of EBVaGC. For instance, infiltrating lymphocytes,
containing EBV-specific cytotoxic T cells, communicate with carcinoma cells directly, in the
opposite, cytokine IL-1p was upregulated to recruit noninfiltrating lymphocytes against this
cell-cell contact [22, 23]. Therefore, in EBVaGC, immune responses in tumor microenviron-
ment also accompany with the progression of EBVaGC [24].

Dietary factors: dietary risks, including salty and spicy food intake, cigarettes smoking, frequent
coffee, and high-temperature drinking habits are positively associated with GC. Intriguingly,
excess salt intake showed susceptibility to EBVaGC and H. pylori-induced GC. Habitual excess
salt intake was suggested to progressively increase the risk across consumption levels of GC
via a meta-analysis [25]. The association between salty food intake and H. pylori infection was
also evaluated in a cross-sectional study of 634-middle age male cohort. The result supported
habitual salt-rich Japanese food intake was prevalent in H. pylori-induced GC cases [26]. It is
probably due to the increase of H. pylori colonization and persistent infection [27]. Besides salty
food intake, Camargo et al. indicated that smoking was strongly associated with EBVaGC by a
case-case comparison between EBV-positive tumors and EBV-negative tumors [28]. Although
alcohol drinking was a suggestive risk factor of GC, heavy alcohol drinking, rather than mod-
erate alcoholic drinks, was significantly correlated with GC development [29, 30].
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3. Molecular classification and pathogenies of GC

Up to 90% of stomach malignancies are adenocarcinomas. Non-Hodgkin’s lymphomas and
gastrointestinal stromal tumor (GIST) make up most of the remaining 10% [31]. Even though
infrequently, adenosquamous, squamous, and undifferentiated carcinomas also occur. In
regard to clinical diagnosis, several pathological characterization varied from time to time.
Several histological classification systems for gastric adenocarcinoma have been described, but
the most frequently used are those of the World Health Organization (WHO) and Lauren [32].
In the World Health Organization (WHO) classification, there are 10 histological types [33]. The
Lauren classification is commonly applied and it makes the distinction between intestinal and
diffuse types. The intestinal GC consists of cohesive neoplastic cells forming gland-like struc-
tures while the diffuse type has lost cell cohesion and resulting in diffuse discohesive cellular
infiltration [31]. Men and elderly are more likely to suffer intestinal type, whereas diffuse type
carcinomas are relatively more common among the younger population with an equal male-to-
female ratio [32]. Recently, a project named The Cancer Genome Atlas (TCGA) has proposed a
brand new classification, in which GC is grouped by four subtypes: EBV-positive (EBV), micro-
satellite instability (MSI), genomically stable [34], and chromosomal instability [35, 36].

According to previous studies, about 9% of GC cases are infected by EBV [37]. All the EBV-
positive GCs harbor the property of CpG island methylator phenotype (CIMP) [36, 38, 39].
EBV-positive tumors exhibited a higher incidence of whole-genomic DNA hypermethylation
than any molecular subtypes. The genes with promoter hypermethylation showed most dif-
ferentially silenced expression in EBV-associated GC [36]. Moreover, PI(3)-kinase inhibition
was also strongly detected in EBV-positive GC, which offered a new method for the evalua-
tion of this subtype [36]. The most highly transcribed EBV viral, message RNAs (mRNAs) and
microRNAs (miRNAs), fell within the BamH1A region of the viral genome and showed simi-
lar expression patterns across tumors [36]. The mutation rate of PIK3CA is exclusively high
in EBV-positive gastric cancer compared with other molecular subtypes. The mutation rate of
PIK3CA in this subtype is about 80 and 68% of the mutations belongs to recurrent mutation
in this dataset. In contrast, in other molecular subtypes, the mutation rates of PIK3CA are
from 3 to 42%. So, this result provides a hint that using PI3K inhibitor might have the clinical
therapeutic potential for this kind of molecular subtype.

The next subtypes of GC are abundant in MSI, which display increased mutation rates (in major
histocompatibility complex class I genes, including B2M and HLA-B) and hypermethylation
(containing hypermethylation at the MLH1 promoter). The most obvious difference between
EBV-CIMP (CpG island methylator phenotype) and MSI-associated gastric-CIMP methylation
profiles is that all EBV-positive gastric tumors show promoter hypermethylation of CDKN2A
(p16™*4), but the MLH1 hypermethylation was only detected in MSI-associated CIMP [38].

In genomically stable subtype, RHOA mutation was detected [36]. When binding with Guanosine-
5’-triphosphate (GTP), RHOA behaves through a great number of downstream effectors, such as
ROCKT1, mDIA, and protein kinase N. This will lead to actin-myosin-dependent cell contractility
and cellular motility [40, 41] and activation of STAT3 to promote carcinogenesis [42, 43]. Except
from activating mDia or ROCK1, the RHOA mutation Y42C has been confirmed to attenuate the
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activationof protein kinase N. Because RHOA is strongly associated with cell motility, the RHOA
mutations might contribute to the invasive growth patterns. In diffuse type GC or genomically
stable GC, the lack of cellular cohesion is a hallmark for this diffuse phenotype. Apart from
RHOA mutation, an inter-chromosomal translocation called CLDN18-ARHGAP26 fusion gene
was identified. ARHGAP26 is a GTPase-activating protein that converts GTP-RHO to GDP-RHO
and it is been reported to facilitate cellular motility. CLDN18 is a tight junction component that
involves in cell adhesion. This fusion gene thus was thought to correlate with cell metastasis in
this kind of molecular subtype.

With the somatic copy-number aberrations (SCNAs), the last group of GC was clustered as
CIN subtype. In this subtype, a bunch of genes shows dysregulated, such as TP53 mutations
(in 71% of tumors) as well as CDHI somatic mutations (enriched in the genomically stable
subtype, about 37% of cases).

4. The dysregulated miRNAs involved in GC

MicroRNAs (miRNAs) are one predominant category of small (roughly 20-30 nucleotides)
non-coding RNAs that participate in gene expression and control [44]. Their effects are
mostly lead to the degradation of message RNAs (mRNAs) or inhibitory of the translations,
and subsequently affect a series of biological behaviors of cells, such as inflammation, cell
proliferation, apoptosis and differentiation. In the nucleus, together with its cofactor Pasha
(DGCRS), the RNase III enzyme Drosha cut out primary miRNA transcripts into a fragment
of approximately 60 nucleotides named precursor miRNAs (pre-miRNAs), and initiate the
biogenesis of miRNAs [45]. A cytoplasmic RNase III called Dicer will be responsible for the
further processing of the pre-miRNAs and makes them mature after they are transported to
the cytoplasm [46, 47]. A mature miRNA, with the length of about 18-24 nucleotides, is single-
stranded, which can sometimes aim at multiple targets. These mature miRNAs always bind to
the complementary sequences of targeted mRNAs directly to make mRNAs degrade or bind
directly to 3'-untranslated regions (3-UTR) of mRNAs to decrease their translation, so that
miRNAs can exert their effects on regulating certain gene expression [44, 48]. Accordingly,
miRNAs regulate at least 30% of genes of human as it is estimated [49].

In other words, miRNAs are capable of acting as a switch to control genes related to cell
proliferation and apoptosis under pathogenic circumstances, consequently, they may have
a chance to be involved in both cancer initiation and progression. It seems that no matter
how clear the mechanism of malignancy behaviors or an effective therapy that might pre-
vent tumorigenesis from the beginning, an increasing knowledge of these miRNAs is crucial.
During the physiological periods, miRNAs present or absent in proper time of different stage
of lives. However, they are produced abnormally in tumors, that the levels of some miRNAs
are highly detected while some are lower or even none. Hence, those which are upregulated
called onco-miRs, whereas the downregulated ones called tumor-suppressive miRNAs. As
the names suggested, genes controlled by onco-miRs are oncogenes whose products may
promote tumor cells in many aspects, whereas the opposite site of genes is tumor suppressive,
which plays a role of inhibitor among the initiation or development of tumors (e.g., miR-15a
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and miR-16-1, which target a member of Hippo pathway called YAP1, are downregulated in
GC) [50]. Thus, identifying the target genes of these miRNAs is crucial and it may lead us to
a better understanding of the miRNAs themselves.

For example, miR-21 was the first miRNA which was influenced by H. pylori. In tissues of
both GC and H. Pylori infection, it was highly detected [51, 52]. Several data have reported
that this miRNA can be used as a biomarker in GC diagnosis in the clinic [53-55]. And most
recently, a research conducted in China suggested this miR-21 to be a GC biomarker in both
diagnosis and prognosis, for the reason that, besides the high levels found in tumor tissues
compared with the normal ones, miR-21 was revealed to be associated with poor survivals
in clinical patients [56]. Behind the phenomena, the molecular mechanism is still unclear in
GC. In other types of cancer, however, such as colorectal cancer, miR-21 decreased the tumor
suppressor protein programmed cell death 4 (PDCD4) and exhibited an oncogenic function
[57]. Additionally, in nonsmall cell lung carcinoma, miR-21 was found to deregulate PTEN, a
tumor suppressor, to promote carcinogenesis [58].

5. The tumor microenvironment and gastric carcinogenesis

More and more evidence supported the idea that not only malignant GC cells, but also those
nonmalignant cells involved in the tumor microenvironment play indispensable roles through-
out GC pathogenesis. Generally, nonmalignant cells participate in various mechanisms related
to GC development, such as stromal interactions, angiogenesis, and some immune responses.

Stromal components, including fibroblasts and extracellular matrix (ECM) adjacent to can-
cer cells, create a suitable environment for GC development. Stromal fibroblasts are known
to play a central role in tumor microenvironment by interacting with cancer cells [59, 60].
However, other than ordinary fibroblasts, cancer-associated fibroblasts (CAFs) undergo a
phenotypic change into myofibroblasts. Also, CAFs exhibit distinct gene expression patents
that pertain to aberrant cell growth, focal adhesion, and ECM remodeling [61]. The remodel-
ing ECM promotes the survival ability and distant colonization cancer cells by synthesizing
components, such as type I and type III collagens, fibronectins, tenascin, and versican [62-64],
as well as proteases like urokinase, plasminogen activator, fibroblast activation protein (FAP),
and matrix metalloproteinases (MMPs) [65-67]. These characteristics are usually associated
with poor prognostics. Moreover, tumor-related stromal fibroblasts secrete small molecules,
such as IL-6 to stimulate cell growth, as well as factors associated with TGF-{3 signaling, trig-
gering epithelial-mesenchymal transition (EMT) [68-70].

Angiogenesis is also a pivotal process contributes to tumor progression. Cell population in
GC tumor microenvironment regulates the density and architecture of new blood vessels by
stimulating the proliferation and differentiation of myofibroblasts and vascular endothelial
cells [71, 72]. The growing number of new vessels was reported to facilitate GC metastasis
[73, 74]. To promote angiogenesis, GC cells provide numerous angiogenic factors, including
VEGEF, FGF-2, CXCL1, and Ang-2, to microenvironment [75-78]. It has been noted that high
level of VEGF-A contributed to endothelium-dependent angiogenesis. VEGF-A signaling
increased both the new blood vessel number and permeability in GC [79]. VEGF-A strongly
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promotes the angiogenesis and aggressive phenotype of human intestinal-type GC [80].
Bevacizumab is a specific antibody against VEGF-A, and dominantly regulates normal and
pathological angiogenesis. Clinical trials of bevacizumab in phase Il advanced GC suggested
a satisfied curative effect [81]. Unfortunately, in the randomized phase III Avastin in Gastric
Cancer (AVAGAST) study, the combination of chemotherapy and bevacizumab did not show
a better overall survival extension in the first-line treatment when compared to advanced
GC patients, who only subjected chemotherapy [82]. Intriguingly, REGARD and RAINBOW
trials using VEGFR?2 targeting antibody ramucirumab have also shown a significant increase
in the overall survival of patients with advanced GC [83]. It can be partially explained by the
geographical differences of GC patients.

Immune reactivity in GC development is based on various types of immune cells in different
stages [84]. First, in eliminating stage, macrophages and dendritic cells recruit to secrete che-
mokines and cytokines, such as IL-12 and IFN-y, to phagocytize and remove apoptotic cancer
cells [85]. Cancer cells survived from elimination subsequently under equilibrium stage and
adapted to immune-suppression. The number of tumor-infiltrating lymphocytes (TILs) was
noted as independent predictors to evaluate lymph node metastasis and GC patient survival
in this stage. Interestingly, TILs exert either oncogenic or tumor-suppressive influence in GC
cells, attributing to their unique functions. In a recent report, tumor-associated macrophages
with high levels of CD163 expression exhibited aggressive characteristics and expression of
cancer stem cell markers in recurrent GC cases. CD163* macrophages might, therefore, related
to independent worse prognosis [86]. T-lymphocyte subsets are also significant cell types
associated with both early onset of tumor and tumor progression. It has been reported that
the high ratio of CD8" cytotoxic TILs/FOXP3" regulatory T cells (Treg) correlated with high
overall survival rate and good prognosis, especially in MSI gastric cancer [87, 88]. Eventually,
cancer cells escape from immune responses.

Immunogenicity could be blunted by releasing cytokines including TGF-, TNF-a, and IL-10.
Therefore, cancer cells can evade the detection by immune effectors in the tumor microenvi-
ronment [89]. PD-1 is one of the most important receptors expressed by T cells and mono-
cytes. PD-1 negatively regulates the effectors by binding to its ligands PD-L1 and PD-L2.
Blocking PD-1/PD-L1 has been suggested as a promising immune-therapeutic option [90, 91].
The relationship between PD-L1 level and prognosis remains under debate, however, a recent
meta-analysis pooled all present data and suggested PD-L1 to be a valuable prognostic indi-
cator of GC patients by dividing patients into different groups [92].

Collectively, tumor microenvironment composed of multiple subjects, such as tumor stromal
fibroblasts, lymphocytes, and angiogenic factors. All these components cooperate together,
configuring a context for GC development.

6. Conclusion

There is still a large realm of the unknown area about GC pathogenies even though the related
research studies have been going deeper and our horizon has been broadened in the past
few years. Epigenetically, we are seeking to unravel the mechanisms of gastric tumorigenesis
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affected by chromatin remodeling. Besides, there are miRNAs, IncRNAs, and some other clas-
sic molecules that are involved in GC development, which requires a more detailed investiga-
tion regarding these aspects. The most crucially and urgently, we are struggling to explore
specific and precise therapies for patients who are suffering or likely to suffer from GC, espe-
cially genomically stable GC (a type of GC with a high mortality).

When it comes to the novel small entities, there are even more issues waiting to be addressed,
such as how IncRNAs interact with chromatin alterations during gastric carcinogenesis.
Moreover, in addition to H. pylori and EBV, scientists have identified a wild variety of bacteria
in the stomach through DNA sequencing. These uncultivatable bacteria have formed a compli-
cated community and there are few clues about how they interact with H. pylori and host immu-
nity during GC initiation and progression. In the early detection field, molecular findings may
facilitate new approaches for diagnosing GC early, by identifying high-risk potential sufferers
via the molecular features of precancerous lesions. Finally, therapeutic strategies need to be
designed precisely for each GC subtypes, according to their somatic driver change of genome or
tumor-associated cell compartments, such as stromal cells and tumor-infiltrating immune cells.
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Abstract

Stomach/gastric ulcer is a debilitating disease affecting more than 10% of the global popula-
tion. Sufferers often have chronic pains with life-threatening gastrointestinal haemorrhage
or perforation. Since the first diagnosis of stomach ulcer (SU) in the 19th century, excessive
gastric juice that eroded the mucosa of the stomach was opined as its major cause. Efforts
were channelled toward effective control of the resulting acid build-up through the use of
antiulcer medications and reduction in stress-induced activities, which may aggravate gas-
tric hyperacidity. An intense treatment option involved vagotomy (surgically severing the
nerves surrounding an ulcer) to prevent hyperacidity and further perforation of the stomach
epithelium. Despite these interventions, SU disease remained an impediment to clinical prac-
tice. Literatures revealed that many botanicals have been used to treat SU and this is hinged
on their being endowed with antiulcerogenic phytonutrients of therapeutic significance. In
this review, attempts have been made to highlight the main mechanisms of action and limita-
tions of the conventional antiulcerogenic drugs, various antiulcerogenic experimental mod-
els, as well as compile selected medicinal plants and their implicated phytonutrients that will
ultimately and eventually present effective and globally competitive exciting opportunities
for the development of new lead therapeutics for the management of SU disorders.

Keywords: antiulcerogenic, gastric ulcer, gastropathy, hemorrhage, Helicobacter pylori,
pepsin, perforation, phytonutrients, vagotomy

1. Introduction

Ulcer is an open sore of the biological membrane characterized by sloughing of inflamed
dead tissue [1]. More specifically, it could either occur as a lesion on the surface of the skin
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or a mucous membrane with significant superficial loss of tissue. Although, ulcers may be
encountered at almost any part of the body, they are mostly found on the skin of the lower
extremities and in the gastrointestinal tract [2]. There are many types of ulcer including
mouth, esophageal, peptic and genital ulcer. Of these, peptic ulcer (PU) is the most prevalent
[2]. The PUs are erosion of lining of either the stomach or duodenum [3] and this has availed
the two most common types of PU as the gastric/stomach ulcer (SU) and duodenal ulcer. A
person may have both gastric and duodenal ulcers at the same time. SUs are located in the
stomach and mainly characterized by hemorrhage and pain. Other symptoms may include
nausea, vomiting, and weight loss. Although patients with SU have normal or diminished
acid production, yet ulcers may occur even in complete absence of acid [3]. Generally, pain
occurs when the stomach is empty and relieves after eating. In some cases, SU can be life
threatening with symptoms like bloody stool, severe abdominal pain, and cramps coupled
with blood vomiting [4].

Under normal conditions, a physiologic balance exists between gastric acid secretion and
mucosal defense. The epithelial cells of the stomach secrete mucus in response to irritation
of the epithelial lining and as a result of cholinergic stimulation [5]. Ordinarily, the super-
ficial portion of the gastric mucosa is jelly-like and impermeable to acid and pepsin. Other
gastric cells secrete bicarbonate, which buffers acid that lies penultimate to the mucosa.
Also, the prostaglandins of the E (PGE) type of the epithelia offered significant protection
by increasing the bicarbonate content and consequently strengthening the mucous layer.
However, when the acid and pepsin enters the epithelial cells, further fortifying mecha-
nisms are triggered to ameliorate injury [5]. This may be best observed within the epithelial
cells, where ion pumps in the basolateral cell membrane aids intracellular pH regulation
through removal of excess H* and subsequent migration of healthy cells to the site of injury.
By so doing, the acid that diffused through the injured mucosa is effectively removed by
the flow of blood in the mucosa. This also provides bicarbonate to the superficial epithe-
lial cells. However, when there is disequilibrium between offensive (acid, pepsin, and
Helicobacter pylori) and defensive factors (mucin, prostaglandin, bicarbonate, nitric oxide,
and growth factors), the pathophysiological features of SU become evident [6]. Although,
SU was once believed to be caused by spicy food and stress, they have however been estab-
lished to be mere aggravating factors while the real causes include reaction to various
medications, particularly nonsteroidal anti-inflammatory drugs (NSAIDS) and H. pylori
infection [7]. H. pylori, NSAIDS, emotional stress, alcohol abuse, and smoking are the prin-
cipal etiological factors associated with SU [8]. Usually, SU occur as breaks across the entire
length of the stomach epithelia and in some cases, the deeper layers of the muscle wall are
considerably affected. This disruption of the mucosal integrity may potentiate perforation,
bleeding, obstruction, pain and death, if proficient treatments are not timely administered.
The exclusive production of urease by H. pylori renders its microenvironment alkaline and
allows its long-lasting survival in the hostile acidic environment of the stomach, where it
either worsens the severity of SU disease or merely causes mucosal inflammation. More
often in SU cases, inflammation is secondary to the colonizing action of H. pylori on the
gastric mucosa [5]. In patients infected with H. pylori, high levels of gastrin and pepsinogen
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and reduced levels of somatostatin have been measured [5]. Most patients with SU have
impaired gastric bicarbonate secretion, which has also proven to be caused by H. pylori
because its eradication reverses the defect [9]. Similarly, pepsin (a proteolytic enzyme) and
HClI are both essential for food digestion but at the same time have the tendency to erode
the cell linings of the digestive system if secreted in excess. Although, the stomach defends
itself from these aggravating factors by creating a mucus coating and producing bicarbon-
ates, H. pylori infection and NSAIDS can impair the protective functions and make the
linings of the gastrointestinal tract susceptible to HCI and pepsin action and consequently
results in the formation of ulceration [10].

Globally, SU is the most prevalent gastrointestinal disorder ever known, affecting more
than 10% of people and accounting for an estimated 15,000 mortality yearly [11]. The annual
incidence of SU perforation and hemorrhage were 3.8-14.0 and 19.4-57.0 per 100,000 per-
sons, respectively and this is anticipated to further worsen if no practical and viable alterna-
tives are sought [12]. Specifically in the United States, PU disease affects approximately 4.5
million people annually and about 10% of the US population has evidence of a SU at some
point in their life time [5]. Initially, PU diseases were more prevalent in the male popu-
lations but the current statistics suggest quite similar figures in both males and females
with the overall lifetime prevalence tending toward 8-11% and 11-14% in women and men,
respectively [5]. The age trends for the occurrence of PU show appreciably declining rates in
younger males, while it is increasing steadily in older women. The statistics for SU disease
in other countries is variable and is hinged primarily on the major causes of the disease:
H. pylori and NSAIDs [13].

Although, orthodox medicine has provided succor in the management of SU disease over
the years, a significant percentage of the global population still use traditional systems
of medicine to manage and treat SU due to better cultural acceptability, improved com-
patibility, affordability, and lesser side effects [14]. The present study was conducted to
review medicinal plants considered as gastroprotective and healing agents on SUs with
particular focus on selected antiulcerogenic botanicals and their implicated phytonutri-
ents. To achieve this, information were retrieved from online databases (Google, Pubmed,
MEDLINE, Science Direct, Scopus and SID) in form of published articles, books, confer-
ence proceedings and other high profile intellectual resources. The retrieved studies either
showed effectiveness of these plants or indirectly their efficacy on the involved mechanisms
in the treatment of SU.

2. The conventional therapy for stomach ulcer management

SU therapy has witnessed many strides over the last decades and a number of drugs are now
available for its treatment. Since the occurrence of SU disease is attributable to either pepsin
action and hyperacidity or inadequate mucosal resistance, hence, its effective management
lies exclusively in stemming the aggressive factors or fortify the defensive mechanisms. A
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corner stone in this approach was the advent of histamine H,-receptors and the respective
antagonist [15], which signified a landmark achievement in the management of disorders
characterized by gastric hypersecretion. The H,-antagonists were instantaneously identified
as potent and safe agents which may replace the previously used drugs. For instance, the
appearance of cimetidine (an H,-antagonist agent), led to the virtual disappearance of drugs
of unknown mechanism like gefarnate, sulphoglycopeptide, amilopectine, zolimidine, xyl-
amide, etc. Despite the inherent improvement witnessed with the use of the H,-antagonist
over the previously used drugs, their untoward reactions have undermined their appre-
ciable application. Generally, the antiulcer drugs may be classified according to the site and/
or mechanism of action as: (a) antacids; (b) gastric muscle stimulants; (c) agents which pro-
tect the mucosa, increase mucosal resistance or coat ulcer craters; (d) antisecretory drugs,
which may be anticholinergic agents; (e) corticohypothalamic drugs; and (f) proton pump
inhibitors.

2.1. Antacids

It is noteworthy that either antacid mixtures or combinations of antacids with other com-
pounds are more commonly used than single-entity antacids [15]. These kinds of formulation
have been made to elicit a better neutralizing effect and to extenuate side effects associated
with single constituent entities. The calcium and aluminium combinations reduce diarrhea
while magnesium caters well for constipation. Similarly, a combination of slow- and fast-
acting agents could increase the total buffering time. More improved benefits are claimed
for mixtures having alginic acid (a foam-forming agent), which floats above the gastric juice
with eventual aiding of contact between the antacid and the mucosa. In the event of gas-
troesophageal reflux, the alginic acid appears to prevent reflux by being the first to come
in contact with the esophagus. By so doing, further erosion by the gastric acid is effectively
prevented. Also, when simethicone (dimethylpolysiloxanes with characteristics antifoaming
and water-repellant properties) is used, defoaming the gastric juice to reduce flatulence and
gastroesophageal reflux is achieved. However, the resulting contributory adverse effects of
the respective constituent in the antacid especially gastric irritation are a major challenge
consistent with the use of antacids.

2.2. Gastric muscle stimulants

In individuals with stomach atony where there is consequential prolonged contact time between
acid and mucosa due to the delay in gastric emptying, stimulants of gastric motility produce
satisfactory outcomes. Domperidone and metoclopramide are the two most widely used com-
pounds in this category. While both accelerates gastric emptying in experimental animals and
humans, the metoclopramide still acts via other four important mechanisms that have made
it more potent: (i) a cholinergic effect on muscarinic receptors; (ii) a direct effect on smooth
muscle; (iii) an effect on specific centers regulating gastrointestinal motility; and (iv) a release of
motilin which could be strongly responsible for the effects on the proximal bowel [15].
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2.3. Mucosa protecting agents

Compounds like sucralfate, carbenoxolone and chelated bismuthate belong to this class of
drugs. The sucralfate (a complex of sucrose and aluminium hydroxide) potentiates its action by
inhibiting gastric hydrolysis with significant affinity for ulcerated mucosa. It forms a complex
with susceptible proteins (fibrinogen, albumin etc) that adhere to the ulcerated area, thereby
shielding against acid, pepsin action and penetration of bile acid. The merits of sucralfate over
other antiulcer drugs relate to a lack of systemic effect due to the poor absorption of the com-
pound [16]. The disadvantages include a certain delay in gastric emptying and constipation
which affects almost 2% of the sufferers. Furthermore, compliance is another issue of con-
cern as sucralfate must be taken four times daily (q.i.d.) and at least one hour before meals to
be optimally effective. While chelated bismuthate and carbenoxolone works quite similar to
sucralfate, appreciable incidence of aldosterone-like adverse effects (sodium and fluid reten-
tion, hypertension etc) have hampered their use.

2.4. Drugs with antisecretory effect
2.4.1. Anticholinergics

Despite that the drugs in this class have been used for many years, information on their
ulcer healing capacity is still elusive. This may be attributable to the radiological method
that was initially used but later found not to be very effective in wound healing assessment.
Hyoscyamine, atropine, phentonium, propantheline and methantheline with characteristic
ganglion-blocking and antimuscarinic effects are the classical examples of anticholinergics.
Subsequent to the discovery and acceptance of the H,-antagonists, the anticholinergics virtu-
ally disappeared due to inherent adverse effects of dry mouth, blurring of vision, delay in
gastric emptying, tachycardia, possible constipation, and urinary retention.

2.4.2. H,-antagonists

Undoubtedly, the H,-antagonists are the most significant agents for the management and
treatment of SU and for pathological conditions characterized by hyperacidity. Burimamide
(the prototype of H,-antagonists) was faced-out because of low oral activity and toxicological
concerns. Similarly, metiamide (the 2nd agent in the series), was orally active but potenti-
ated significant bone marrow toxicity in clinical trials. Cimetidine (still the most widely used
antiulcer drug), is the 3rd drug in this class and well over 70 million sufferers have so far
benefitted from its pharmacological efficacy till date. This was closely followed by ranitidine,
which was the first agent with an alkyl furan ring, which substituted the imidazole ring
of the preceding H,- antagonists. More recent reports however suggest that optimum H,-
antagonism may also be achieved also with other different agents. For this class of drugs, not
only could potency and efficacy be optimized, the pharmacokinetics could also be modified
with the known duration of action of 4-6 h, exclusive to the ‘short-acting” H,-blockers [17],
optimized to and beyond 24-48 h to have ‘long-acting’ H,-blockers. Generally, over the last
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three decades, the most frequently used H,-antagonists in clinical practice are cimetidine,
ranitidine and famotidine [2]. However, many adverse reactions such as effects on the endo-
crine, cardiovascular and central nervous systems (CNS) have been associated with these
drugs.

2.5. Corticohypothalamic drugs

A role has been established for the CNS in the regulation of gastric secretion and in the patho-
genesis of peptic ulcer, although clarification is required in many areas. It is not surpris-
ing that drugs which act specifically on the CNS may exert a beneficial effect on SU, which
sometimes is significantly better than other drugs. Trimipramine is a tricyclic antidepressant
which causes a slight decrease in gastric secretion that is apparently not connected with its
anticholinergic action. Like other traditional tricyclic antidepressants, it may have some H,-
antagonistic effects and may also act on a-adrenoceptors enhancing catecholamine avail-
ability at central synapses [18], or may depress central vagal function. However the use of
trimipramine in non-depressed ulcer patients is questionable.

2.6. Proton pump inhibitors (PPIs)

At present, PPIs are the most commonly prescribed class of antiulcer drugs. Their mode of
action involves blockage of the site of gastric acid secretion in the parietal cell of the stomach
[19]. However, because the parietal cells are constantly reproducing in millions, effective inhi-
bition of gastric acid secretion is almost unachievable and this partly explains their relative
safety compared to other groups of antiulcer drugs. In general, the incidence of short-term
adverse effects subsequent to PPI usage is relatively low and this may be the reason for their
being well tolerated. Their long-term use has not been frequently studied and the dearth of
information in this regards has made it difficult to make definitive statements [20]. For all
the PPIs (omeprazole, lansoprazole, dexlanprazole, esomeprazole, pantoprazole, rabeprazole
and ilaprazole), the occurrence of adverse effects are similar, though they have been reported
more frequently with omeprazole. This may be due to its longer availability. The common
adverse effects with PPIs include headache, nausea, diarrhea, abdominal pain, fatigue and
dizziness. Infrequent adverse effects may also include rash, itch, flatulence, constipation, anx-
iety, depression, myopathies and rhabdomyolysis [21].

3. Ulcer inducing agents/models

The pathological mechanisms of SU disease that compromises its functional capability and
the structural integrity has been established to arise mainly through either production of too
much acid and pepsin, or weakening of the gastric epithelia that consequently results in too
little mucosal resistance [2]. Table 1 shows some of the known ulcerogenic agents/models and
the pathological mechanism involved in their ulcer pathogenesis. A good understanding of
the pathogenic mechanism of action of these models is crucial to spotting and either manag-
ing or preventing ulceration and the associated disorders.
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Agent/model Underlying mechanism Reference(s)
NSAIDs (aspirin, indomethacin and ~ Gastric acid secretion and inhibition of prostaglandin [22]
ibuprofen) synthetase activity

Water-immersion/cold-restraint stress Release of histamine resulting in increased acid secretion, [23, 24]

decreased mucus production and poor flow of gastric blood

Ethanol Solubilizes mucous membrane and renders it vulnerable to [25]
the proteolytic and hydrolytic actions of HCI and pepsin

Acetic acid Induces round, deep ulcers in the stomach through over [26]
production of acid secretion

Histamine Acid stimulating and vasodilating effect that results to [27]
increased vascular permeability of the gastric mucosa

Reserpine Degranulation of gastric mast cells consequent to histamine ~ [28]
liberation that is facilitated by cholinergic system

Serotonin Causes vasoconstriction thereby reducing gastric mucosal [29]
blood flow resulting to acute mucosal injury

Pylorous-ligation Accumulation of gastric acid that consequently produces [30]
ulcer subsequent to the breakdown of gastric mucosal
barriers

Ischemia-reperfusion Causes erosion of the gastric epithelia due to free radicals [31]
formation

Acetic acid-H. pylori Increased acid secretion and decreased mucus production [32]

Iron-ascorbic acid Linked with lipid peroxidation mediated by oxygen radicals  [33]

Table 1. Commonly used experimental models for ulcer induction.

4. Some scientifically validated antiulcerogenic medicinal plants

Despite the rapidly changing concept of SU disease management from conventional vagot-
omy, H,-receptor antagonists and antacids to proton pump inhibitors, gastrointestinal toxic-
ity and other inherent adverse effects remain significant impediments to their application in
clinical practice. Investigation on the phytotherapeutic applications of medicinal plants that
are highly valued and widely used in the traditional systems of medicine have been and still
providing efficient formulation for better management of SU [2, 22].

The under-listed medicinal plants have been pharmacological reported to possess antiulcer
activity as previously compiled [34-39]. They are:

Acacia arabica (Family: Mimosaceae); Abutilon indicum L. (Family: Malvaceae); Adansonia
digitate; Aegle marmelos (Family: Rutaceae); Allium sativum (Family: Liliaceae); Allophylus ser-
ratus Kurz (Family: Sapindaceae); Aloe vera (Family: Liliaceae); Alstonia scholaris; Annona
squamosa (Family: Annonaceae); Asparagus racemosus; Azadirachta indica (Family: Meliaceae);
Bacopa monnieri; Benincasa hispida; Bauhinia purpurea (Family: Leguminosae); Bauhinia variegate
(Family: Caesalpiniaceae); Berberis aristata; Beta vulgaris; Buchanania lanzan Spreng. (Family:
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Anacardiaceae); Butea frondosa Roxb. (Family: Fabaceae); Boswellia serrata (Family: Burseraceae);
Careya arborea (Family: Myrtaceae); Carica papaya (Family: Caricaceae); Capsicum annuum L.
(Family: Solanaceae); Centella asiatica; Cissus quadrangularis L. (Family: Vitaceae); Curcumalonga L.
(Family: Zingiberaceae); Desmostachya bipinnata (L.) Stapf (Family: Gramineae); Desmodium gan-
geticum; Emblica officinalis (Family: Euphorbiaceae); Excoecaria agallocha (Family: Euphorbiaceae);
Garcinia cambogia; Glycyrrhiza glabra (Family: Leguminosae); Ficus arnottiana; Ficus religiosa
(Family: Urticaceae); Hemidesmus indicus; Hibiscus rosa sinensis (Family: Malvaceae); Ipomoea
batatas L. (Family: Convolvulaceae); Ixora pavetta (Family: Rubiaceae); Kielmeyera coriacea Mart
(Family: Guttiferae); Lagenaria siceraria (Family: Cucurbitaceae); Leucas lavandulifolia Sm. (Family:
Labiatae); Mangifera indica (Family: Anacardiaceae); Mimosa pudica (Family: Fabaceae); Mentha
arvensis L. (Family: Lamiaceaea); Momordica charantia (Family: Cucurbitaceae); Momordica cym-
balaria Hook. (Family: Cucurbitaceae); Morinda citrifolia; Moringa oleifera (Family: Moringaceae);
Musa sapientum; Myrtus communis (Family: Myrtaceae); Ocimum sanctum (Family: Lamiaceae);
Oryzasativa (Family: Gramineae); Phyllanthus niruri (Family: Euphorbiaceae); Plectranthus amboini-
cus; Polyalthia longifolia (Family: Annonaceae); Psidium guyava (Family: Myrtaceae); Rhus coriaria
(Family: Anacardiaceae); Rhizophora mangle L. (Family: Rhizophoraceae); Sapindus trifoliatus L.
(Family: Sapindaceae); Sesbania grandiflora (Fabaceae); Shorea robusta (Family: Dipterocarpaceae);
Solanum nigrum (Family: Solanaceae); Tamarindus indica (Family: Caesalpiniaceae); Tamarindus
indica (Family: Caesalpiniaceae); Tecomaria capensis (Family: Bignoniaceae); Terminalia che-
bula (Family: Combretaceae); Terminalia pallida; Utleria salicifolia Bedd. Ex.Hook. F. (Family:
Periplocaceae); Vinca minor L. (Family: Apocynaceae). A comprehensive list of some selected
plants being embraced as antiulcerogenic agents is presented in Table 2.

Plant Family Plant used Phytonutrients Reference(s)

Acacia arabica Mimosaceae Gum, leaves Arabic acid, malate, sugar, mineral  [40, 41]
elements, tannins

Achyranthus aspera Amaranthaseae Root, seeds Saponin, glycosides [42]

Adansonia digitata Malvaceae Leaves Mucilage, glucose, albuminoids, [43]
adansonin, tannin

Aegle marmelos Rutaceae Leaves Flavonoid, tannins, saponin [44]

Aleo vera Liliaceae Whole plant Aloin, isobarbaloin, emodin, [45]
saponin

Alhagi maurorum Fabaceae Root Terpenes, saponin, tannins [46]

Allium satioum Liliaceae Bulb Mucilage, starch, albumen, [47]
vitamins, sugar, allicin, alliin

Annona squamosa Annonaceae Leaves Alkaloids, flavonoids, saponini, [48]
tannins

Azadirachta indica Meliaceae Leaves Saponin, flavonoids, phenolics, [49]
tannin

Bauhinia variegate Caesalpiniaceae Stem-bark, root Rutin, quercetin, apigenin, tannin [50]

Berberis aristata Berberidaceae Root Alkaloids [51]

Bata vulgaris Chenopodiaceae Root Betin [52]

Carica papaya Caricaceae Fruit, seeds Papain, pectin, carpaine, carposide  [53]
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Plant Family Plant used Phytonutrients Reference(s)

Centella asiatica Apiaceae Whole plant Flavonoids, narigin, alkaloids, [54]
saponin, asiatic acid

Cordial myxa Fruit Tannins, carbohydrate, saponin [55]

Ficus exasperata Moraceae Leaves, stem-bark Flavonoids, saponin, alkaloids, [2]
glycosides, tannins

Ficus religiosa Urticaceae Stem-bark Tannins, wax, cochtone [56]

Gossypium barbadense  Malvaceae Leaves Gossypol, saponin, steroids, [22]
cardiac glycosides

Gossypium herbaceous ~ Malvaceae Flowers Flavonoids, phenolics, saponin [57]

Hibiscus rosa sinensis ~ Malvaceae Root Phenolics, cyanidin, hydrocitrate [58]

Langeneria breviflora Cucurbitaceae Fruit, leaves Saponin, phenolics, cucurbitacin [59]

Langeneria siceraria Cucurbitaceae Fruit Flavonoids, steroids, phenols, [42]
saponin

Mangifera indica Anacardiaceae Leaves Alkaloids, sterols, saponin, tannins, [60]
flavonoids, mangiferin

Momordica tuberose Cucurbitaceae Tubers Alkaloids, tannins, saponin [61]

Moringa oleifera Moringaceae Leaves Quercetin, 3-sitoterol, B-carotene, [62]
alkaloids, tannins, saponin

Musa paradisiacal Musaceae Root, leaves, Tannins, starch, vitamin C, [42]

trunk albuminoids

Muyrtus communis Myrtaceae Leaves Resin, tannins, citrate, malate, [63]
sugar

Nerium indicum Apocynaceae Flowers Alkaloids, glycosides, flavonoids, [64]
phenolics, tannins

Ocimum sanctum Lamiaceae Leaves Alkaloids, tannins, saponin, [65]
flavonoids, sterols

Oryza sativa Gramineae Grain, bran Starch, mineral matter, protein [66]

Phyllanthus niruri Euphorbiaceae Whole plant Alkaloids, tannins, flavonoids, [67]
carbohydrate, glycosides

Prunus amygdalus Rosaceae Seeds, fruit Ursolic acid, quercetin, flavonoids  [42]

Psidium guyava Myrtaceae Leaves, stem-bark Resin, tannins, cellulose, [68]
flavonoids, quercetin, quajaverin

Rhus coriaria Anacardiaceae Whole plant Tannins, flavonoids [69]

Sesbania grandiflora Fabaceae Leaves Saponin, tannins, triterpenes [70]

Smilax china Smilacaceae Root Tannins, resin, saponin, flavonoids  [71]

Solanum nigrum Solanaceae Leaves Flavonoids, saponin, alkaloids, [72]
phytosterols

Spondias mombin Anacardiaceae Leaves Tannins, saponin, flavonoids, [73]
phenolics, glycosides

Tamarindus indica Caesalpiniaceae Leaves, seeds Albuminoids, fiber, pectin, tannins  [74]

Terminalia chebula Combretaceae Leaves Gallic acid, sorbitol, tannins, [75]

mucilage

Table 2. Some selected medicinal plants with antiulcerogenic properties.
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Following the experimental demonstration that many medicinal plants are endowed with
good antiulcerogenic activity with relatively lesser adverse effect compared with the conven-
tional drugs, further steps have been taken in presenting a good number of them for clinical
trials. Despite this giant stride, not many of the medicinal plants have passed market entry
stage. To the best of our knowledge, of the many presented for developmental evaluations in
2004, only Azadirachta indica (Family: Meliaceae) received remarkable attention at its advance
stage of clinical trial. It exhibited significant therapeutic potency by reducing gastric hyperse-
cretion, gastroesophageal and gastroduodenal ulcers [76].

5. Phytonutrients associated with antiulcerogenic activity

Several phytonutrients have proven health benefits and have been reported to elicit sig-
nificant antiulcerogenic potential in both humans and experimental animal models [73].
While steroid glycosides, tannins, terpenoids and flavonoids have been shown to preserve
gastric mucosal against oxidative insults of reactive metabolites and oxidative stress [22,
59], the tendency of phenolic compounds and alkaloids to regulate gastric acid secretion
and protect the gastric mucosal epithelia against erosion and other aggressive factors in dif-
ferent ulcer models have been demonstrated [77]. While Table 1 also presents some of these
phytonutrients as being responsible for the elicited antiulcerogenic properties of the plants,
several others have also been identified and isolated from diverse plants. Some of these
include; saponins, phobaphenes, glucose, luvangetin, tartarate, potash, nimbidin, quercetin,
apigenin, papain, chymopapain, pectin, carposide, carotenoids, antheraxanthin, carpaine,
resin, euphorbon, caoutchouc, rutin, anthocyanins, cyanindin, kaempferol, sterols, muci-
lage, terpenoids, kaepferom, ash, starch, fats, proteins, glycosides, ellagic acid, beta sitos-
terol, gallic acid, limonene, pinene, albuminous matter, cellulose, chlorophyll, mineral salts,
myricitin, triterpenes, and sorbitol [37]. These compounds have either been elucidated to
decrease acid/pepsin secretion or confer cytoprotection via effective modulation on mucosal
defensive factors.

6. Some selected medicinal plants with antiulcerogenic properties in
Nigeria

In Nigeria, SU remains a significant public health challenge affecting people of all ages. While
its management through orthodox medicine has recorded substantial successes over the
years, a considerable proportion of the populace still rely exclusively on complementary and
alternative medicine (CAM) in seeking aid to treat and manage SU. This may be due to the
ease of accessibility, affordability and minimal side effect associated with the use of medicinal
plants [22]. A compilation of selected antiulcerogenic medicinal plants in Nigeria revealed
that the most widely used plants in the management of SU are Occimum basillicum, M. para-
disiaca, Aloe vera, Azadiracter indica, Brassica oleracae and Carica papaya [78]. Others include
but not limited to the following: Diodia sarmentosa, Cassia nigricans, Ficus exasperate, Synclisia
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scabrida, Artocarpus heterophyllus Lam., Blighia sapida Konig., Dialium guineense Willd., Emblica
officinalis Gaertn., Gongronema latifolium, Ageratum conyzoides, Aloe vera, Artocarpusaltilis, Aspilia
africana, Bryophyllum pinnatum, Fluerya aestuans, Musa paradiasiaca, Musa sapientum, Persea
Americana, Talinum triangulare, Fluerya aetuans, Brassica oleracae, Acacia nilotica L., Alchornea
cordifolia Schum & thonn, Anacardium occidentale L., Balanites aegyptiaca L., Bridelia ferruginea
Benth, Carica papaya Linn, Ficus thonningii Blume, Guiera senegalensis J. F. Gmel, Hibiscus sab-
dariffa L., Mangifera indica L., Momordica charantia L., Ocimum gratissium L., Piliostigma reticu-
latum (DC) Hochst, Pisidium guajava L., Scoparia dulcis, Vernonia kotschyana Sch. Bip., Zingiber
officinale Rosc [79].

7. The role of medicinal plants in oxidative gastropathy

Reactive oxygen species (ROS) are a by-product of normal metabolism and have roles in cell
signaling and homeostasis [80]. Mechanisms exist that regulate cellular levels of ROS, as their
reactive nature may otherwise cause damage to key cellular components including DNA,
protein, and lipids [81]. A good number of NSAIDS have been implicated in cellular toxicity
leading to oxidative gastropathy [82]. Despite the use of NSAIDS as antipyretic and anti-
inflammation agents, and in the treatment of rheumatic, musculoskeletal, and cardiovascular
diseases [83], gastrointestinal toxicity through ROS formation has limited their application [84,
85]. It has been proposed that NSAID-mediated gastrointestinal lesions involve the uncou-
pling of oxidative phosphorylation and inhibition of electron transport chain causing incom-
plete reduction of oxygen [82]. This they do by tenaciously binding to a site near complex I
and ubiquinone, thus facilitating events leading to ROS generation [86, 87]. Subsequently,
when the gastric antioxidant capacity is overwhelmed, the epithelia mitochondrial aconitase
is inhibited, resulting in the release of iron that reacts with H,O,, producing hydroxyl radical.
These cascades of event amplify gastric oxidative stress whose consequential effect is mani-
fested as gastropathy [88]. Oxidative stress-induced functional loss is well correlated with
numerous disease states including cardiovascular, neurological, cancer, aging processes and
gastropathy [83] and is also implicated in a variety of drug-induced toxicities such as SU [2].
Antioxidative and free radical scavenging mechanisms play an important role in the protec-
tion against ROS mediated toxicities [89]. Over the past decades, interests in medicinal plants,
especially the antioxidative ones, have increased appreciably and they have been elucidated
to significantly either protect against or ameliorate ROS-mediated oxidative gastropathy [22,
90]. Such annihilation of ROS in SU diseases have been achieved through induction of enzy-
mic antioxidants (superoxide dismutase, catalase, glutathione reductase and peroxidase) and
optimization of reduced glutathione (GSH) contents [2, 22, 59]. Harmonizing the foregoing, a
probable mechanism of antioxidative and gastroprotective activities of medicinal plants may
be idealized as illustrated in Figure 1. This ultimately involves induction and optimization
of preventive (catalase, glutathione peroxidase) and chain-breaking (superoxide dismutase,
glutathione reductase) antioxidants that subsequently improve gastric GSH level, annihilate
liberated reactive metabolite and effectively scavenge ROS (O,, OH") (Figure 1). This may
also be opined to regulate mucosal fluidity and strengthens defensive mechanisms against
oxidative gastric damage.
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Figure 1. Probable mechanism of antioxidative and gastroprotective capabilities of medicinal plants. The dotted arrows
represent sites of induction and optimization by the plants that consequently promote scavenging of O,” and OH".
This will normalize and increase gastric reduced glutathione (GSH) content and promotes its mobilization toward
detoxification of the liberated reactive metabolites. NSAIDS, nonsteroidal anti-inflammatory drugs; MP, medicinal
plants; GPx, glutathione peroxidase; GRx, glutathione reductase; GSSG, oxidized glutathione.

8. Conclusion

Globally, SU is a devastating disease posing serious threat to the quality of life of humans.
It affects significant proportion of the populace in both developed and developing countries.
Although, conventional drugs have been used to manage and treat SU sufferers, affordability
and inherent side effects have limited their application. Consequently, alternatives are being
sought in medicinal plants, which provide a potential source of antiulcerogenic drugs and are
widely used in traditional systems of medicine. Several medicinal plants have been investi-
gated for their proven health benefits in SU management with their phytonutrients playing
significant roles. Of the phytonutrients, tannins seem to top the list and has suggested prob-
able focus on their characterization for antiulcer therapy. In spite of the impressive experi-
mental evaluation of medicinal plants for the treatment of SU, very few have reached clinical
trials and not very many have been marketed. This indicates that the intended benefits of
CAM research are not yet having far-reaching effect. Nevertheless, the continuous search for
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antiulcerogenic agents of plant origin (available as gifts of nature) is imperative. This will
ultimately and eventually present effective and globally competitive exciting opportunities
for the development of new lead therapeutics for SU and other related disorders.
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Abstract

Gastric antral vascular ectasia (GAVE) and portal hypertensive gastropathy (PHG) are
mucosal lesions that can cause chronic gastrointestinal bleeding in the patients with
cirrhosis. While PHG occurs exclusively in patients with liver cirrhosis, GAVE can also
present in patients with systemic and autoimmune conditions. The need to accurately
characterize these two conditions is dependent on clinical, endoscopic, and histologi-
cal parameters. The management of GAVE utilizes endoscopic ablation techniques,
while medical therapy is directed toward stabilizing portal pressure in patients with
PHG. Herein, we review the epidemiology, diagnosis, pathophysiology, and medical,
endoscopic, and surgical management of GAVE and PHG.

Keywords: stomach diseases, gastric antral vascular ectasia (GAVE), portal hypertensive
gastropathy (PHG), portal hypertension, cirrhosis, management

1. Introduction

Gastric antral vascular ectasia (GAVE) and portal hypertensive gastropathy (PHG) are com-
mon gastric mucosal lesions that occur in patients with portal hypertension. These two condi-
tions are responsible for acute on chronic gastrointestinal bleeding. While these two clinical
entities share similar clinical presentations, their underlying pathophysiology, endoscopic
features, and management options are different. The pathophysiology of GAVE is related to
local changes in gastric mucosa, and management is aimed at endoscopic reduction of blood
loss using thermal therapies. The pathophysiology of PHG is related to portal hypertension,
and management is aimed at reducing portal hypertension using pharmacologic and in some
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cases portosystemic shunts. Thus, it is important to differentiate GAVE and PHG as their
management options are different.

2. Epidemiology

GAVE accounts for approximately 4% of all upper gastrointestinal bleeding [1]. Approximately
40% of GAVE patients have cirrhosis of the liver, and 1 in 40 patients require liver transplanta-
tion [2]. Cirrhotic GAVE patients are predominantly males (75%; mean age 65 years), whereas
noncirrhotic GAVE patients are predominantly females (71%; mean age of 73 years). GAVE
has been associated with autoimmune disorders such as autoimmune connective tissue disor-
ders (62%), Raynaud’s phenomenon (31%), and sclerodactyly (20%) [3]. GAVE have also been
reported in other medical conditions including scleroderma, bone marrow transplantation,
chronic renal failure, ischemic heart disease, hypertension, valvular heart disease, familial
Mediterranean fever, and acute myeloid leukemia [3-6].

The prevalence of PHG varies from 20 to 75% in portal hypertensive patients, and from 35
to 80% in patients with cirrhosis [7]. According to the HALT-C trial, approximately 37% of
patients (364 of 1011) with biopsy confirmed cirrhosis or bridging fibrosis from hepatitis C
had PHG [8]. While PHG can present at any age, its severity can vary from mild to severe.
The severity of liver disease and severity of portal hypertension greatly influences the natural
progression of PHG [9].

3. Pathophysiology

The pathophysiology of GAVE remains unknown; however, several mechanisms have been
proposed including gastric dysmotility or autoimmune reactivity to gastric blood vessels
[10-12]. A study on antral motility revealed an increase in antral area transit time with cir-
rhosis and GAVE when compared to controls [10]. Chronic recurrent trauma can lead to fibro-
muscular hyperplasia and vascular ectasia. Reduced gastrin levels have also been identified
in GAVE patients when compared to patients with severe PTH and normal controls [13].
Prostaglandins E2 (PGE2) levels were found significantly elevated when compared to con-
trols [14]. GAVE is not associated with portal hypertension and treatments aimed to decrease
portal pressure have no role in treatment of GAVE [15].

The pathogenesis of PHG is related to increased resistance to portal blood flow in patients with
liver disease, and concomitant elevation in portal pressure [16]. In patients with portal hyper-
tension, approximately 70% develop PHG [17]. Resolution of PHG and its recurrence has been
observed in patients with cirrhosis posttransjugular intrahepatic portosystemic shunt (TIPS)
placement, and in noncirrhotic patients with postsurgical decompression of the portal system
[17-19]. However, the linear correlation between the severity of portal hypertension and that
of PHG is controversial. In a prospective study of 331 patients, it was reported that severe
PHG showed a significantly shorter expected survival time than mild PHG (median survival
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time, 77.6 + 9.6 months in severe PHG) [20]. The study concluded that PHG was associated
with severity of portal hypertension and prognosis in patients with cirrhosis. However, other
studies have been unable to demonstrate a correlation between the severity of portal hyper-
tension and that of PHG [21-23].

Other molecular mediators at the mucosal level have been implicated in the develop-
ment of PHG including tumor necrosis factor (TNF)-a, endothelin-1 (ET-1), nitric oxide
(NO), and prostaglandins [21, 24]. Interestingly, patients with cirrhosis and PHG have
abnormal blood circulation, which makes them susceptible to reduced delivery of oxy-
gen to the gastric mucosa [21, 25]. This phenomenon modifies blood circulation which
enables reduced resistance of gastric mucosa to irritants in patients with cirrhosis and
portal hypertension [26].

4. Diagnostic evaluation

GAVE and PHG can be encountered during upper endoscopy in both symptomatic and
asymptomatic patients with liver cirrhosis. GI bleeding is the common significant complica-
tion of GAVE and PHG. PHG is responsible for about 8% of nonvariceal upper GI bleeding,
while GAVE accounts for up to 4% [27, 28]. Both GAVE and PHG may have similar endoscopic
appearances and require further histological analysis. In 1995, Payne et al. established that
portal hypertensive gastropathy (PHG) and GAVE are distinct clinical entities that require
different forms of treatments [13]. Thus, it is incumbent on clinicians to be able to differentiate
both diseases.

GAVE is a disease limited to the stomach and is almost exclusively noted in the gastric
antrum on endoscopy [29]. GAVE was first reported in 1984 and initially termed ‘water-
melon’ stomach in three patients with iron deficiency anemia [30]. In their report, they
described visible convoluted and tortuous columns of ectatic vessels along rugal folds of
the antrum, which converged at the pylorus, resembling stripes of a watermelon. In more
severe cases, GAVE can present as more punctate lesions or more diffusely, extending to
the gastric body, which is most commonly associated with GAVE in cirrhotics than other
etiologies [31]. Interestingly, GAVE patients have been reported to have more severe liver
disease, greater blood loss, lower serum gastrin levels, and a higher incidence of previous
sclerotherapy [13].

Histologically, GAVE is characterized by dilated mucosal capillaries and venules with intimal
thickening, fibrin thrombi, spindle cell proliferation, and fibromuscular hyperplasia of the
lamina propria [13, 32]. The presence of these histological features is used to calculate a GAVE
score which has 80% diagnostic accuracy. This can be used to distinguish GAVE from PHG
with a GAVE score equal or greater than three [13].

PHG lesions are typically seen in the gastric fundus unlike GAVE which is commonly found
in the antrum. Endoscopically, PHG appears as a mosaic-like pattern or a diffuse, erythema-
tous, and reticular cobblestone pattern of gastric mucosa consisting of small polygonal areas
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with superimposed red punctate lesions >2 mm in diameter and a depressed white border
[33-35]. Severe PHG is associated with flat or bulging red spots, resembling a scarlatina rash
with friability or diffuse hemorrhagic gastropathy [36-38].

5. Management of GAVE

5.1. Endoscopic management

The treatment of choice in managing patients with GAVE is endoscopic ablation of the
lesions. Pharmacologic or surgical intervention should be considered when endoscopic ther-
apy has failed. Argon plasma coagulation (APC) has become the method most utilized by
endoscopist. APC is a noncontact technique that uses argon gas to equally distribute thermal
energy. High-frequency current is applied to the tissue with controllable depth of coagula-
tion (roughly 2-3 mm) [39]. Its efficacy ranges from 90 to 100% [40]. Endoscopic band ligation
(EBL) and radiofrequency ablation (RFA) are newer and promising techniques in the treat-
ment of GAVE; however, RFA requires additional training and is not readily available in all
endoscopic centers [41].

Compared to older laser therapy methods, APC is more user-friendly, manageable, cheaper,
and safer. The risk of perforation is very low and limited to very thin-walled structures [42].
The pooled recurrence rate of bleeding is estimated at 36% [43]. Cryotherapy has also been
introduced as another means for managing GAVE. It makes use of nitrous oxide to freeze
abnormal mucosa and causes superficial necrosis. A pilot study that assessed 12 patients with
GAVE and anemia showed that 50% of patients achieved a complete response after cryo-
therapy [44]. The remaining patients achieved a partial response with decreased transfu-
sion requirements. However, the optimal delivery mechanism and the number of treatments
required remain unclear.

Overall, EBL seems to be the safest and has only been associated with minor complications
such as abdominal pain [45]. An observational study of 22 patients (9 patients receiving
endoscopic thermal therapy vs. 9 patients receiving EBL) reported fewer bleeding in the EBL
cohort (67 vs. 23%), as well as fewer treatment sessions for EBL (4.9 vs. 1.9), and a decrease
in EBL-related transfusions (-5.2 vs. —12.7) [46]. A prospective study of 21 patients reported a
clinical response that was achieved in 19 patients (91%) after a mean of 2.28 endoscopic ses-
sions and a mean of 16 bands applied [47]. Another study comparing the efficacy of EBL vs.
APC reported a lower recurrence rate in the EBL cohort (8.3 vs. 68%) [48].

5.2. Medical treatment

While a variety of drugs have been used to manage GAVE-related bleeding, none has shown
to be clinically effective and efficacious as an alternative to invasive methods. Pilot studies
with estrogen-progesterone hormone therapy have been shown to control bleeding due to
gastrointestinal vascular malformations, including GAVE, with side effects [49-51]. Despite
bleeding cessation, GAVE lesions persisted. Reduction of treatment frequency resulted in
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bleeding relapse, requiring reinstitution of daily therapy for hemostatic control [49, 52, 53].
However, this form of treatment is not well studied and patients are at risk for developing
severe side effects, such as menorrhagia and gynecomastia, and increased risk of endometrial
and breast cancer [54].

A long acting somatostatin analog, octreotide, has been reported as an effective drug in con-
trolling chronic bleeding due to vascular abnormalities [55]. This may in part be due to the
inhibitory effect on neuroendocrine cells, ectatic vessels, and smooth muscle cells [55, 56].
Octreotide also displays antiangiogenic effects and limits the growth of blood vessels [57].
However, octreotide treatment has been unsuccessfully replicated by other authors and thus
necessitates further investigation [58]. Success has been reported from the use of corticoste-
roids, tranexamic acid, thalidomide, and serotonin antagonist [59-63]. However, these treat-
ments have been reported in some case reports and the results have not been confirmed by
controlled clinical trials.

5.3. Surgical intervention

Surgical intervention is reserved for patients who do not respond to medical and endoscopic
therapies. Surgical approaches include gastrectomy and antrectomy, which may be the only
reliable approach to achieving a cure. Antrectomy is more commonly used and has clini-
cal efficacy in eliminating bleeding and transfusion dependency, as patients do not report
postoperative recurrence of bleeding was associated with multiorgan failure [64]. Portacaval
shunts and TIPS have no role in the management of GAVE [11]. In GAVE patients due to
underlying cirrhosis, complete resolution of symptoms has been observed following liver
transplant, despite persistent portal hypertension [15].

6. Management of PHG

6.1. Medical treatment

The management of PHG is focused on abating portal pressure, mainly through the use of
medical therapy rather than endoscopic means. Similar to esophageal varices, management
attempts to reduce hepatic venous pressure gradient (HVPG) to <12 mmHg or by 20% which
correlates with a reduction in mortality in some studies [65]. A meta-analysis established that
target HVPG is a valid marker to monitor drug efficacy for variceal bleeding and patient
prognosis [65]. Beta blockers are first-line drugs used to reduce portal pressure and have the
most benefit in patients with mild PHG [66]. Modest effects have been noted in patients with
severe PHG [67]. It is unclear whether beta blockers are prophylactically effective in pre-
venting bleeding from PHG [24]. However, in patients receiving propranolol or nadolol for
esophageal variceal bleeding prophylaxis, beta blocker therapy showed a reduction in future
PHG bleeding [68].

In a randomized controlled trial to investigate the efficacy of propranolol, 26 of 54 patients
received propranolol and the rest placebo. Daily doses of 40-320 mg were used. In the cohort
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receiving propranolol, patients reported significantly lower rates of rebleeding (38 vs. 65%)
at 12 months and at 30 months (7 vs. 52%) compared with controls [67]. Similarly, a smaller
study using a dose of 24-480 mg/day decreased the incidence of acute bleeding in 16 patients
with PHG and also reduced the grade of PHG in 24 asymptomatic patients when given at a
dose of 160 mg/day [68].

In unstable patients who have contraindications for beta blockers, other agents have been
studied with varying efficacy including somatostatin, octreotide, terlipressin, and vasopres-
sin [69-72]. Somatostatin and its analogs showed complete control of acute bleeding with
11% rebleeding after withdrawing infusion [69]. Octreotide controlled bleeding in 100% of
patients within 48 h. Vasopressin controlled bleeding in 64% of patients over the same time
[71]. Terlipressin, a vasopressin analog (not available in the United States), was similarly effec-
tive as vasopressin [72].

6.2. Endoscopic management

Acute bleeding in the setting of PHG rarely occurs. A large study reported an incidence of
acute bleeding from gastropathy in 8 of 315 patients (2.5%), compared to chronic bleeding
which occurred in 34 patients (10.8%) [73]; however, if it occurs, such bleeding episodes can
be severe and challenging to manage. In addition to intravenous medical therapy with afore-
mentioned agents aimed at reducing portal pressure and hemostatic control, appropriate
antibiotic and resuscitation should be initiated and tailored to the patient’s needs.

Endoscopic therapy for acute bleeding from PHG remains investigational and may provide
temporary control. For patients with refractory bleeding who are not candidates for porto-
systemic shunting, limited data suggest that endoscopic thermal therapy may be efficacious.
Similar to GAVE, APC has proven successful in controlling bleeding and reducing transfusion
requirements [74]. Furthermore, hemostatic powder is emerging as a useful means for man-
aging patients with acute bleeding. The powder acts by forming a barrier over the bleeding
site and increasing the concentration of clotting factors [75].

6.3. Surgical intervention

In cases of failed medical or endoscopic therapy requiring increase blood transfusions, porto-
systemic shunt therapy should be considered through the placement of a transjugular intra-
hepatic portosystemic shunt (TIPS). Shunting works by relieving portal hypertension with the
placement of a tube (shunt) between the portal vein which carries blood from the intestines
to the liver and the hepatic vein which carries blood from the liver back to the heart. Patients
who have the TIPS procedure show significant improvement in endoscopic appearance of
PHG and number of transfusion requirements [76].

A prospective study of 30 patients with mild PHG and 10 patients with severe PHG with
recurrent GI bleeding had a 75% reduction in endoscopic severity, a Childs-Pugh Score
of 11.5, and a mean reduction in portacaval gradient from 20 to 12 mmHg following TIPS
[17]. Patients typically show endoscopic improvement in 6 weeks for mild cases and up to
3 months for more severe cases of PHG [77]. A retrospective study of 40 Child-Pugh class A
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and B cirrhotic patients comparing surgical shunting and TIPS found improved outcomes
from surgical shunting with reduced 30-day mortality, reduced rebleeding events, and fewer
shunt revisions and hospitalizations [78].

However, surgical shunting carries risks of substantial perioperative morbidity and mortal-
ity. In those who survive operation, accelerated hepatic decompensation and neuropsycho-
logic deterioration (portosystemic encephalopathy) significantly diminish the overall benefit
of the shunting procedure [78]. Similarly, TIPS carries a potential risk for rapid liver failure
necessitating liver transplantation [79].

7. Conclusion

In summary, GAVE and PHG are two clinically distinct entities that present with gastroin-
testinal blood loss. Majority of patients with portal hypertension and cirrhosis will develop
PHG; however, it can also occur in the setting of noncirrhotic portal hypertension. GAVE is
associated with gastric dysmotility, autoimmune reactivity, reduced gastrin levels, and ele-
vated prostaglandins. It is not associated with cirrhosis. Therapy of PHG is directed toward
lowering and stabilizing portal pressure with beta blockers or shunt procedures. GAVE man-
agement mainly involves the use of endoscopic methods to ablate bleeding lesions. When
GAVE is complicated by cirrhosis, it is incumbent on clinicians to differentiate it from PHG as
GAVE does not respond to treatments aimed at reduction of portal pressure.
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Abstract

Reversal of erosive gastritis in patients with portal hypertension by surgical shunts
evolves the term of portal hypertensive gastropathy. In 1984, Sarfeh et al. addressed the
term PHG to describe the distinctive erosive gastritis in patients with portal hyperten-
sion. Since that time, the recorded incidence of PHG in the studies has varied widely
from 20 to 75% in patients with portal hypertension, with or without liver cirrhosis. As
the underlying pathophysiology of the disease is unclear, not all the patients with por-
tal hypertension developed PHG. Thus, portal hypertension cannot be the only factor
for the development of PHG. Patients with PHG presented with either acute or chronic
bleedings. Acute presentation is an emergency case. Anemia from chronic bleeding is a
frequent presentation in PHG patients. The diagnosis is confirmed by a characteristic
endoscopic appearance of PHG. Capsule endoscopy and dynamic CT are also used for
the diagnosis of PHG. The goal of the treatment of PHG is reducing the portal pres-
sure in patients with acute or chronic bleeding. Pharmacological treatment, endoscopic
therapy, trans-jugular intrahepatic portosystemic shunt (TIPS), and shunt surgery are
different modalities for treatment of PHG. Yet, primary prophylaxis treatment is not rec-
ommended in the patients with PHG.

Keywords: portal hypertensive gastropathy, portal hypertension, gastropathy, GAVE,
liver cirrhosis

1. Introduction

1.1. Definition

Portal hypertensive gastropathy (PHG) is a painless condition of gastric mucosal ectasia and
impaired mucosal defense, typically seen in patients with portal hypertension [1].

Portal hypertension (PH) exists when the hydrostatic pressure in the portal vein or its
branches has increased. Two important factors are implicated; vascular resistance and
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blood flow, thus if the pressure gradient anywhere along the portal venous system
(between the portal vein, and hepatic veins or the inferior vena cava (IVC)) is increased,
portal hypertension develops.

The normal portal venous pressure ranges from 5 to 10 mm Hg, therefore, if the hepatic
venous pressure gradient (HVPG) is 210 mm Hg, significant portal hypertension is consid-
ered, but if the HVPG is 212 mm Hg, severe portal hypertension is diagnosed [2].

The causes of portal hypertension are classified into three categories related to anatomical
consideration. First, are causes originating in the portal venous system before it reaches the
liver (pre-hepatic), e.g. portal vein thrombosis, schistosomiasis, primary biliary cholangi-
tis/primary sclerosing cholangitis, or congenital hepatic fibrosis. Second, are causes within
the liver (intrahepatic) e.g. cirrhosis as a result of viral, non alcoholic fatty liver disease
(NAFLD), or autoimmune. Finally, are causes between the liver and the heart (post-hepatic)
e.g. Budd-Chiari syndrome, inferior vena cava obstruction, or hepatic veno-occlusive dis-
ease (Table 1). The most common cause of PH is cirrhosis [3].

1.2. Essentials to diagnose PHG

¢ Portal hypertension with or without cirrhosis.

* Characteristic endoscopic findings.

Prehepatic Hepatic Posthepatic

Portal vein thrombosis Cirrhosis of any cause, e.g. chronic viral hepatitis,  Inferior vena cava obstruction
alcoholic, autoimmune, NAFLD, biliary atresia, etc.

Arteriovenous fistula Primary biliary cholangitis Hepatic vein thrombosis
Splenomegaly Primary sclerosing cholangitis Budd-Chiari syndrome
Schistosomiasis Right sided heart failure, e.g. from

constrictive pericarditis
Congenital hepatic fibrosis
Nodular regeneration hyperplasia

Granulomatous or infiltrative diseases (Gaucher,
sarcoidosis, amyloid deposition

Toxicity (from arsenic, copper, methotrexate,
amiodarone, ....)

Veno-occlusive disease

NAFLD, non alcoholic fatty liver disease.

Table 1. Condition associated with portal hypertension.
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2. History

In 1984, Sarfeh et al. recognized a distinct form of gastric mucosal hemorrhage in patients who had
portal hypertension, they called it “portal hypertensive gastritis”. They reported that this mucosal
lesion in patients with portal hypertension was reversed after the portacaval shunt, in contrary to
the mucosal lesion of patients without portal hypertension. Therefore, they concluded that there
is a unique mucosal change excited with portal hypertension. 1 year later, it was discovered that
this mucosal change was not a form of gastritis as there is no evidence of inflammation in the
mucosa. Specific histopathological findings described this change, and the term “portal hyper-
tensive gastropathy” was introduced by McCormack et al. in 1985 as a separate entity. However,
there was no grading system of the endoscopic findings to put an accurate score for this condition.
Several grading systems like the three- category system, and the two-category system have been
proposed in 1994. The clinical importance of grading classification system resides in the fact that
patients with severe PHG have a higher chance to bleed than patients with mild PHG [4].

The overall mortality from gastrointestinal bleeding is up to 25% of the mortality in patients
with cirrhosis. In recent years however, PHG has been recognized as a distinct entity of
gastrointestinal bleeding in patients with cirrhosis and portal hypertension. While variceal
hemorrhage and peptic ulcer disease are known as significant causes of GI bleeding in cir-
rhosis, PHG and gastric antral vascular ectasia (GAVE) should also be considered as impor-
tant causes. However, PHG should be differentiated from GAVE, GAVE occurs in patients
with cirrhosis and portal hypertension, in addition to other conditions, such as chronic renal
failure, connective tissue disorders, and bone marrow transplantation. On the other hand,
PHG occurs only in patients with portal hypertension, whether with or without cirrhosis. In
patients with cirrhosis, PHG is more common than GAVE [5].

However, although the endoscopic, histological and hemodynamic features of PHG mucosa
have been extensively studied, the pathogenesis of PHG is still poorly understood, its natural
history is not clearly documented and its treatment needs to be improved [6].

3. Epidemiology

The incidence of PHG varies greatly, it ranges between 20 and 75% of patients with portal hyper-
tension, of those, approximately 65-90% have mild PHG, whereas 10-25% have severe PHG.
This wide discrepancy in results may be attributed to the fact that the study was carried out on
different groups of patients; patients with cirrhosis, patients without cirrhosis, patients with dif-
ferent Child-Pugh score of liver failure, and lastly patients with history of previous esophageal
eradication therapy [7]. It was noticed that higher prevalence of PHG is found in patients with
severe portal hypertension, advanced liver disease, and post-eradication therapy of esophageal
varices [8]. Conversely, the incidence of acute gastrointestinal bleeding (hematemesis and/or
melena) in PHG patients with cirrhosis were low; reported incidences ranged from 2.5 to 30%,
with the greatest occurrences being observed in patients with severe PHG [9].
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On the other hand, PHG as a marker of portal hypertension has conflicting results among the
studies. Its sensitivity, positive predictive value (PPV) and negative predictive value (NPV),
vary considerably between the studies, but its specificity has been reported to be above 95%.
Snake-skin pattern has higher specificity (93-100%) for the diagnosis of PHG [10].

PHG can present at any age, including pediatric or adult patients [7].

4. Pathophysiology

The pathogenesis of PHG is still poorly understood. Portal hypertension is essential in the
presence of PHG, due to the mechanical effect of the increased pressure in the portal vein
which leads to hyper-dynamic congestion with a net increase in the gastric blood flow, this
increase occurs in the submucosal, muscle, and serosal layers, while decreasing in the muco-
sal layer due to congestion and stasis. These hemodynamic changes impair gastric muco-
sal defense mechanisms, which lead to release of pro-inflammatory mediators, and alter the
growth factors which render gastric mucosa more susceptible to injury, and impair mucosal
healing. This defenseless mucosa may explain the increase in the rate of bleeding from PHG,
additionally this abnormal gastric microcirculation, may render gastric mucosa more vulnera-
ble to hypoxia, and more susceptible to noxious gastric factors, such as aspirin and ethanol [4].

Many other factors have also been implicated in the pathogenesis of PHG such as increased pro-
duction of nitric oxide (NO), oxygen free radicals, endothelin-1, tumor necrosis factor-a, and
prostaglandins. The most important factor, NO, is a potent vasodilator secreted by endothelial
cells which may underlie the gastric vascular dilation and hyper-dynamic circulation in PHG.
Furthermore, the expression of transforming growth factor a (TGF-a) and the epidermal growth
factor (EGF) receptors in the gastric mucosa were reported to be highly elevated in areas of spon-
taneous gastric injury. Recently, studies found other factors, like p53-upregulated modulator of
apoptosis (PUMA), to be markedly induced in the gastric mucosa of PHG patients [11]. Increased
gastric mucosal apoptosis and decreased mucosal proliferation, were also noted in rats with PGH.

5. Factors influencing the development of portal hypertensive gastropathy

Many factors related to portal hypertension affect the presence and the severity of PHG. As
the commonest cause of portal hypertension is liver cirrhosis, the presence or absence of
cirrhosis, and its severity, may also affect the PHG.

5.1. Factors related to portal hypertension

* Severity of portal hypertension: The frequency of PHG is strongly correlated with the
severity of portal hypertension, as indicated by hepatic venous pressure gradient (HVPG),
esophageal intra-variceal pressure, and/or presence of esophageal varices and its size [12].
It was also found that portal hypertension associates with severe PHG, but not mild PHG,
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this was evident in patients with severe PHG, which were discovered to have elevated
HVPG, high hepatic sinusoidal resistance, and low hepatic blood flow, all markers of se-
vere portal hypertension [12].

This leads us to the conclusion that not all patients with portal hypertension exhibit evi-
dence of, or develop PHG. On the other hand, resolution of PHG, which occurs after inter-
vention to decrease portal hypertension (by pharmacotherapy, trans-jugular intrahepatic
portosystemic shunt (TIPS), or liver transplantation), may suggest an association between
PHG and portal hypertension [13].

Thus, although PHG cannot be diagnosed without portal hypertension, it is however not
the only factor that evokes PHG.

Correlation with varices: Severe PHG is more common in patients with esophageal varices
than patients without varices. It also, correlated positively with the size of varices; denot-
ing, it was higher in those with large varices than in those with medium-sized or small
varices [12].

Location of varices: PHG was more commonly seen in patients with coexisting gastric and
esophageal varices than in patients with only esophageal varices. Additionally, moderate
or severe PHG was noted to be higher (not to a significant level) in patients with common
collateral circulation vs uncommon collaterals. Portosystemic common collateral circula-
tion includes esophageal varices, gastric varices, and vein dilatation (whether abdominal,
umbilical, or hemorrhoid), while uncommon collaterals include splenorenal, gastric, renal,
retroperitoneal, or cardiac angle venous shunts [14].

Portal vein diameter: It was proposed that PHG is promoted by minimal collateral cir-
culation since significant collaterals would otherwise reduce portal hypertension and
gastric mucosal congestion. Later on, it was found that portal vein diameter in cirrhotic
patients with PHG and no esophageal varices is greater than the portal vein diameter
in patients with esophageal varices. This concept was further supported by the finding
that patients with portal vein diameter <12 mm have a significantly higher prevalence of
esophageal varices than patients with larger portal vein diameter. It was then believed
that the absence of reversed blood flow in the portal vein (due to the absence of hepatofu-
gal flow), in patients without esophageal varices, meant that the pressure in the portal
vein was not affected [15].

Esophageal variceal eradication: PHG may appear for the first time in patients with portal
hypertension, or increase in severity in patients with pre-exciting PHG after eradication
of esophageal varices by either endoscopic variceal ligation or endoscopic variceal sclero-
therapy [16], thus patients with well developed fundal varices are more liable to develop
PHG after obliteration of the varices than patients with poorly developed fundal varices.
Since fundal varices are usually formed by a gastro-renal shunt, this finding supports the
view that the presence of a gastro-renal shunt may play a protective role in the develop-
ment of PHG after variceal obliteration. Therefore; some patients may exhibit minimum or
no change in PHG after esophageal eradication [17].
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Other techniques are also used for obliteration of the esophageal varices including angio-
graphic variceal obliteration (which increases the PHG frequency), and percutaneous trans-
hepatic variceal embolization; after which 38% of the patients develop De-novo PHG. The
development of PHG for the first time or its increase in frequency and/or its severity is
attributed to increased gastric mucosal congestion due to a decrease in the blood flow in the
esophageal varices, which leads to an increase in the portal blood flow.

This phenomenon can be explained by obliteration of the blood flow after eradication of
esophageal varices, this can lead to increased portal pressure and redistribution of residual
blood flow that had passed through the previously patent varices. This mechanism is sup-
ported by the finding that gastric mucosal blood flow increases after variceal ligation [4].

Some investigators believe that the higher rate of PHG in patients undergoing endoscopic
variceal eradication (sclerotherapy or banding) merely reflects other factors rather than the
procedures per se, factors like; increased duration of portal hypertension, advanced liver
disease, or severe portal hypertension in patients selected to undergo variceal eradication,
must be evaluated in patients who developed PHG or showed an increase in its severity
[18]. Nevertheless, higher frequency of PHG in patients undergoing sclerotherapy, suggest
that portal hypertension is still the main underlying cause of PHG

5.2. Factors related to liver cirrhosis

Cirrhotic vs non-cirrhotic portal hypertension: Primary liver disease usually occurs in
PHG, but is not essential for PHG, provided another cause of portal hypertension exists.
Consequently, PHG can occur in patients with other causes of portal hypertension; non-
cirrhotic portal fibrosis, pre-hepatic or post-hepatic portal hypertension [19].

Portal pressure is not the only factor that is determinant of PHG, other factors, like cirrhosis,
may be implicated in the development of the mucosal lesions, which are characteristic of PHG.
PHG was found to occur more commonly in patients with cirrhotic liver than in non-cirrhotic
portal hypertension patients, also the patients with cirrhosis have a more aggressive course of
PHG with faster progression to more severe PHG as time advances [19].

Taking this in consideration, other factors may also be involved in the pathogenesis of PHG.
For example, in patients with portal hypertension and cirrhosis, there is an increase in the
level of many vasodilator substances in systemic circulation e.g. gastrin, secretin, and VIP,
this increase in the level of vasodilator or the decrease in the sensitivity to vasoconstrictor
substance may have a role in the underlying mechanism of PHG [10]. However, these changes
were also found in cirrhotic patients not suffering from PHG, thus the exact picture of the
pathogenesis is not yet fully understood.

Duration of liver disease: The duration of liver disease positively correlates with develop-
ment of PHG, with average cumulative incidence of 3% at 1 year, 10% at 2 years, and 24%
at 3 years [7].

Liver disease severity: PHG is correlated with liver disease severity, as measured by Child-
Turcotte-Pugh score (CTP score) (Table 2), Child-Pugh stage C cirrhosis is associated with
more frequent and faster progression of PHG. Also, it was found that cirrhotic patients
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with severe PHG (especially those without esophageal varices) had more frequent CTP
stage C than patients with mild PHG [7].

Model for end-stage liver disease (MELD) is another important scoring system for
assessing liver disease severity, which was found to significantly correlate with PHG
severity [20].

On the other hand, the severity of PHG was correlated to markers of advanced liver disease
(like hypoalbuminemia and hyperbilirubinemia) which are biochemical markers of advanced
liver disease. Markers of portal hypertension (thrombocytopenia) and of insulin resistance
(hyperglycemia), were also significant independent predictors of PHG [21].

5.3. Other factors

Many other factors may be involved in the pathogenesis of PHG, this includes thrombocyto-
penia or splenomegaly which are associated with the severity of PHG. Additional factors like
an increase in the thickness of the lesser omentum and the presence of a splenorenal shunt
were found to correlate with PHG in patients with chronic liver disease [22].

5.3.1. Factors that do not affect the risk of PHG

Although, portal hypertension is essential for PHG diagnosis, there is still no association
between the etiology of portal hypertension and PHG. Similarly, as cirrhosis is the common
cause of portal hypertension, there is no correlation between the underlying causes of cirrho-
sis and PHG. Moreover, in cirrhotic patients, the role of Helicobacter pylori (H. pylori) in the
pathogenesis of PHG is not fully understood. Some contributed that Helicobacter has no role
in the pathogenesis of PHG in these patients [23]. However, there is evidence of association
between H. pylori infection and PHG in cirrhotic patients, in these patients, Helicobacter
infection may be related to the severity of PHG. This was strengthened by the fact that there
was mild improvement of PHG after H. pylori eradication. Therefore, we can conclude that
there may be a minor role for H. pylori in the pathogenesis of PHG in cirrhotic patients [23].
Further studies on large number of patients are conducted to show the effect of H. pylori
eradication in the treatment of PHG, especially severe portal gastropathy in cirrhosis.

Parameter Point assigned

1 2 3
Albumin (g/dl) >3.5 2.8-3.5 <28
Bilirubin (mg/dl) <2 2-3 >3
INR <17 1.7-2.3 >2.3
Ascites None Slight-moderate Tense
Encephalopathy 0 1-2 34

A total Child-Turcotte-Pugh score of 5-6 considered class A, 7-9 is class B, and 10- 15 is class C. INR, international
normalized ratio.

Table 2. Child-Turcotte-Pugh score.
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Also, there is no evidence that there is any increase in the prevalence or severity of PHG with
the use of either nonsteroidal anti-inflammatory drugs (NSAIDs), or COX-(cyclooxygenase)-2
inhibitor [24]. Another negative correlation was found between alcohol and smoking along-
side PHG, thus there is no benefit from abstinence or quitting smoking [25]. Likewise, the
presence of PHG was independent of patient’s age, or sex.

6. Whom should go for screening for PHG

Patients with portal hypertension and chronic iron deficiency anemia who are suspected to
have chronic bleeding should go for PHG screening. Chronic bleeding is diagnosed when
there is either decrease in hemoglobin level below 2 g/dL within 6-month, or if there is pres-
ence of iron deficiency anemia with a positive fecal occult blood test. For those patients, upper
endoscopy can confirm the diagnosis of PHG [26].

7. Natural history

PHG may change in an individual patient over time, about 30% of the patients with cirrhosis
and mild PHG, progress to severe PHG during a 10 year follow up period, considering that
these patients did not receive any prophylactic treatment. Most of the patients with worsening
PHG, severe lesions, or de novo PHG develop bleeding. There are only a few improved cases
in PHG without treatment [27]. Furthermore, Patients who have PHG associated with cirrho-
sis-related portal hypertension have more frequently persistent and progressive PHG, which
is more likely to bleed than patients with PHG related to non-cirrhotic portal hypertension [9].

Although, as mentioned above, patients with previous endoscopic therapy (sclerotherapy or
endoscopic variceal ligation) have a higher prevalence of PHG, the clinical course of PHG in
this context, particularly in non cirrhotic portal hypertension, may be milder and transient [28].

PHG is a dynamic condition emphasized by the observation that 30% of patients who have
endoscopic features of PHG remained unchanged throughout follow-up period, whereas 25%
of patients show either worsening or improvement of the condition during the follow up
period. Thus, not only can PHG appear for the first time or progress from mild to severe
condition over time, but it can also revert from severe to mild, and even disappear completely
with treatment [23].

8. Clinical picture

Most patients with PHG are asymptomatic, but a significant number of patients exhibit symp-
toms related to iron deficiency anemia from chronic GI bleeding. Bleeding from PHG may
be either chronic occult blood in the stool, or overt which occurs in a smaller proportion of
patients. Endoscopic diagnosis of acute hemorrhage from PHG is established when there is
active bleeding from gastropathy lesions, if non-removable clots overlying these lesions is
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observed, or when there is PHG and no other cause of acute bleeding can be demonstrated
after thorough evaluation of the gastrointestinal tract [9]. Recurrent bleeding is common in
PHG after the initial episode.

Although all PHG patients with chronic bleeding develop severe chronic iron deficiency ane-
mia, no study has evaluated the prevalence of PHG in cirrhotic patients with chronic iron
deficiency anemia. In patients with portal hypertension, with or without cirrhosis and chronic
iron deficiency anemia, chronic bleeding from PHG must be suspected, its diagnosis is con-
firmed by upper endoscopy. Comprehensive study of the whole gastrointestinal tract in these
patients by capsule endoscopy is mandatory to exclude similar lesion elsewhere along gastro-
intestinal tract e.g. colonopathy [27].

8.1. Diagnosis

The diagnosis of PHG is done mainly by upper endoscopy. The endoscopic findings of
PHG diagnosis was classified by the New Italian Endoscopic Club according to its severity
based on the presence of four elementary lesions: mosaic like pattern, red point lesions,
cherry red spots, and black brown spots (Figure 1) [29]. Early change in PHG is called
scarletina, which appears as a fine pink speckling. On the other side, severe PHG appear as
cherry red spots that may become confluent and is very friable, so it can actively bleed dur-
ing endoscopy. These lesions are present predominantly in the fundus and/or the corpus of
the stomach, yet PHG-like lesions have been described in other sites in the gastrointestinal
tract e.g. the rectum, colon, and small bowel in asymptomatic patients and in patients with
bleeding [29].

8.2. Endoscopic evaluation of PHG

The elementary lesions of PHG according to the New Italian Endoscopic Club for the Study
and Therapy of Esophageal Varices [NIEC] classification are as follows [30]:

(1) Mosaic-like pattern (MLP); it is described as the presence of small, polygonal areas in the
center (areola) surrounded by a whitish-yellow depressed border. The term mosaic is
further subdivided according to the color of the areola into; mild, when the areola is uni-
formly pink, moderate, if the center is red, and severe, when the areola is uniformly red.

(2) Red-point lesions (RPLs) are defined as red, small, flat lesions, and <1 mm in size.

(3) Cherry-red spots (CRSs) are defined as red, round lesions, >2 mm in diameter, which
slightly protrude into the lumen of the stomach.

(4) Black-brown spots (BBSs) are defined as irregularly flat spots, either black or brown in
color, does not disappear after washing, and it is due to intra-mucosal hemorrhage.

PHG is classified by endoscopy, into mild, moderate and severe forms. PHG mucosa can be
seen as snakeskin (MLP) in mild cases, while RPLs, CRSs or BBCs that is liable to bleeding,
are found in severe cases, however, the presence of red or brown spots without bleeding is
considered a moderate disease [35].
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Figure 1. Endoscopic images of portal hypertensive gastropathy that show the four main findings of this condition. Mild
(A) and moderate (B) mosaic-like gastric mucosal pattern, red point lesions (C), cherry-red spots (D), and black-brown
spots, including an intramucosal hemorrhage (E) and a brown spot (F).

8.3. Classification of portal hypertensive gastropathy

PHG is classified on the basis of the condition’s severity, therefore many classifications of the
PHG mucosa have been proposed. McCormack’s classification, NIEC’s and Tanoue’s classifi-
cations are the most popular used classifications (Table 3). McCormack classified the mucosal
changes into two main categories, mild and severe, on the other hand, the NIEC classification
has three categories; mild, moderate and severe, and further subdivided the mosaic-like pat-
tern into three groups [28]. Finally, the McCormack classification, a two-category classifica-
tion system, is the recommended one. The classification comprises of:

Mild portal hypertensive gastropathy: Only one change in the stomach mucosa is present,
that of appearance of mosaic or snakeskin pattern on it.
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McCormack NIEC Tanoue
Mild Scarlatina type rash
Snake skin Pink in center mosaic Mild redness

Striped appearance
Moderate - Flat red spots mosaic
Severe Red spots Diffusely red mosaic

Diffuse hemorrhagic
lesions

Fine red speckling mosaic

Point bleeding

Table 3. Endoscopic finding and classification of PHG.

Severe portal hypertensive gastropathy: In addition to the mosaic or snakeskin pattern of the
stomach mucosa; bulging, flat red or black-brown spots are seen. There also may be active

bleeding.

In the rare instance where PHG cannot be clearly diagnosed on the basis of endoscopic
appearance and location alone, biopsy for histology may prove useful [28].

8.4. Histologically

The unique histological features of PHG are marked dilatation of the capillaries and collect-
ing venules in the gastric mucosa with markedly congested and tortuous submucosal venules
(Figure 2) [31]. These vascular features are present in the absence of any inflammatory cell

Figure 2. Hematoxylin and eosin shows numerous dilated capillaries in the superfacial gastric mucosa. These are not

entirely specific for PHG.
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infiltrate or erosion of the gastric mucosa. Stromal fibrosis and edema of the lamina propria
can also be seen [31].

It may be difficult to differentiate between severe PHG and gastric antral vascular ectasia
(GAVE) by endoscopic examination, so biopsy is beneficial in this case, as GAVE has distinct
histological features that can set it apart from severe PHG. GAVE has many fibrin thrombi in
the mucosal vessels with ectasia and spindle cell proliferation (smooth muscle and myofibro-
blast hyperplasia) in the superficial mucosa. Furthermore, fibrohyalinosis is more commonly
present in GAVE. All of these findings provide additional features that help in differentiating
between severe PHG and GAVE [32].

8.5. Portal gastropathy score calculation

Table 4 shows the scoring system to calculate the severity of PHG, the calculation depends
on three categories: Microscopic picture; score 1 considered for mild findings, and score 2
for severe findings. Red marks; isolated lesion is considered score 1, whereas confluent red
marks is scored 2. GAVE; if absent scored 0, while its presence is scored 2. If the total score
was equal to 3 or less, the PHG is mild, on the other hand if the score is 4 or greater, PHG is
severe [33].

8.6. Other diagnostic modalities
8.6.1. Non-endoscopic methods for diagnosis of HPG

Other non-endoscopic methods for the diagnosis of PHG such as MRI and CT are not yet
considered as routine investigation for the diagnosis of PHG. Their results must be further
evaluated to warrant their role in the diagnosis of PHG. Endoscopy still remains the main
diagnostic method [34].

In CT scan, enhancement of the inner layer of the gastric walls due to gastric congestion, char-
acterizes PHG lesion. Similarly, MRI is used to measure the diameter of collateral veins e.g. the
left gastric, paraesophageal, and azygos veins to confirm the diagnosis of portal hypertension. In
patients with PHG, the measurement of the diameters of these veins does not differ from those

Endoscopic findings Parameter Score
Mucosal mosaic pattern Mild 1
Severe 2
Red markings Isolated 1
Confluent 2
Gastric antral vascular ectasia Absence 1
(GAVE)
Presence 2

Mild portal hypertensive gastropathy < 3; severe portal hypertensive gastropathy >4.

Table 4. Portal hypertensive Gastropathy scoring system.
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in patients without PHG, therefore it is not helpful in the diagnosis. These data suggest that these
imaging techniques is still in its infancy period and best reserved for experimental purposes [35].

8.7. Differential diagnosis

The endoscopic findings of the gastric mucosa include many differential diagnoses of several
disorders. When red spots are seen in the stomach by endoscopy, important diagnostic con-
siderations are evoked. GAVE or watermelon stomach which is a common differential diag-
nosis of PHG, has characteristic endoscopic findings which are linear red stripes, separated
by normal mucosa, these findings give the appearance of a watermelon, that is seen in the
gastric antrum or proximal stomach. GAVE and PHG are distinct entities, however both are
encountered in cirrhotic patients. While PHG routinely affects the gastric body and fundus,
GAVE almost exclusively inhabits the antrum [32].

These findings have a diagnostic accuracy of 85% for GAVE and help distinguish it from PHG.

Table 5 further shows the differences between GAVE and PHG, however, there may be an
overlap between GAVE and PHG in cirrhosis with portal hypertension [6].

Other conditions that increase the dilemma of PHG diagnosis include simple acute gastritis
caused by non-steroidal anti-inflammatory drug (NSAIDS) or H. pylori, which may have a
mosaic like pattern endoscopically but, the main histopathological feature in gastritis is inflam-
matory cell infiltration with minor vascular dilation, and it is also localized to the mucosa
(superficial lesion). Lastly, endoscopic lesions similar to PHG may be also seen in some uncom-
mon diseases e.g. polycythemia, gastric purpura, and Osler-Weber-Rendu disease [36].

PHG GAVE

Underlying etiology Portal hypertension with or without cirrhosis Can be present without portal hypertension,
such as chronic renal failure, connective tissue
disorders, and bone marrow transplantation

Predominant location ~ Fundus and corpus Antrum
Endoscopic appearance Mosaic like pattern or red marks Linear red strips separated by normal mucosa
Pathological findings Dilatation of the capillaries, and collecting Fibrin microthrombi, myofibroplast

venules in the gastric mucosa. Ectasia of hyperplasia, fibrinolysis

submucosal veins, with intimal thickening

Management

* Response to beta Yes No
blockers

e TIPS Yes No

¢ Endoscopic therapy Used in refractory bleeding Preferable as first line
ACP

ACP, argon plasma coagulation.

Table 5. Comparison between portal hypertensive gastropathy and gastric antral vascular ectasia.
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9. Management of PHG

The goal of management of PHG is to reduce portal pressure.

9.1. Primary prophylaxis

PHG in asymptomatic patients who have no evidence of bleeding is discovered accidentally
during screening for either chronic iron deficiency anemia or for esophageal varices in patients
with cirrhosis. Till now, there is no recommendation to start any primary prophylaxis to pre-
vent bleeding from PHG patients, except if there is an indication of beta-blocker for other rea-
sons. However, in asymptomatic patients with both esophageal varices and PHG, if the patient
undergoes esophageal eradication therapy, co-administration of a nonselective beta-blocker is
beneficial. The dose of beta blocker should be titrated to a goal heart rate of 55-60 bpm or a
25% reduction from baseline. On the other hand, in patients with severe PHG and no varices,
starting prophylaxis therapy with nonselective beta-blockers, should be considered. Yet, this
approach is controversial, and more research is needed to clarify the prophylactic role of beta-
blockers as primary prophylaxis for bleeding from PHG [34].

9.2. Secondary prophylaxis

Beta-blockers (like propranolol or nadolol) are used as secondary prophylaxis, and are the basis
of therapy, to prevent recurrent bleeding from PHG. It is not only used to prevent the bleeding,
but it also improves the severity score of PHG by endoscopy, changing it from severe to mild, or
even completely curing it. On the other hand, about 50% of PHG patients especially cirrhotic dur-
ing a 2-year follow up, show mild or even no response to beta blocker therapy. For those patients
adding isosorbide 5-mononitrate may have a synergistic effect to reduce the portal pressure [37].

Addition of beta-blocker therapy to endoscopic management of varices is beneficial in reduc-
ing the progression of PHG after endoscopic therapy of varices. Propranolol, a non-selective
beta-blocker (24-480 mg/day), has been commonly used in these cases. The dose of proprano-
lol should be increased gradually to maximum dose (up to 160 mg twice daily) with targeted
heart rate of 55-60 bpm, and should be continued as long as there is portal hypertension [37].
In patients with iron deficiency anemia, iron replacement therapy and beta blocker should be
started simultaneously.

9.3. Treatment of chronic bleeding

Patients with PHG with or without cirrhosis, and chronic blood loss are commonly presented
with iron deficiency anemia. Thorough investigation of these patients must be done to rule
out other causes of iron deficiency anemia before attributing PHG as the cause. All patients
with PHG and iron deficiency anemia should start iron-replacement therapy either; oral prep-
arations, or intravenous (IV) iron.

To reduce chronic bleeding from PHG, with or without portal hypertension, portal pressure
should be reduced, therefore non selective beta blocker is the first line of treatment. The use
of beta blockers has proved efficient, based on both experimental and clinical investigations
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demonstrating that, propranolol reduces portal pressure and cause vasoconstriction in the
overall splanchnic vascular bed.

Anti-oxidants have also been used to treat PHG. Experimentally, Vitamin E led to complete
reversal of susceptibility of PHG mucosa to alcohol injury, in rats. Vitamin E also, led to the
restoration of normal Extracellular signal-regulated kinase (ERK-2 signaling), which plays
a pivotal role in healing after gastric mucosal injury. Thus, vitamin E may have a protective
effect on the PHG mucosa [38].

Use of other pharmacological agents such as losartan, thalidomide and corticosteroids have
been prescribed in the treatment of chronic bleeding from PHG. However, the evidence sup-
porting their use in PHG bleeding is weak [39].

9.4. Treatment of acute bleeding

* For acute bleeding; initial stabilization with octreotide or terlipressin to stop the bleeding,
followed by initiation of beta-blockers as secondary prevention is recommended. During
acute bleeding from PHG, the patients may be hemodynamically unstable, therefore beta
blocker therapy must be reserved, regarding its drawback, as it has a negative effect on
heart and the circulation. Despite the drawbacks of beta-blocker therapy, it is considered
immediately after the patient becomes hemodynamically stable, usually within 3 days. This
highlights their important role in the management of acute as well as chronic GI bleeding.

* Octreotide, a somatostatin analogue (100 pg bolus followed by an infusion of 25 pg/h for
48 h), and Terlipressin, a vasopressin analogue, are both effective in the treatment of acute
bleeding caused by PHG. Vasopressin and omeprazole when used together are more effec-
tive in controlling the acute bleeding than when vasopressin is used alone [40].

9.5. For refractory cases

When the patients do not respond to the previously mentioned treatments, invasive interven-
tion must be done. Transjugular intrahepatic portosystemic shunt (TIPS) or surgical shunt are
considered as salvage therapy only when they are performed in certain circumstances and in
an expert center due to their significant morbidity and mortality results [41].

Surgical shunting has also proved beneficial in refractory bleeding from PHG however, this
benefit is limited by an increase in the risk of deterioration of the hepatic function in patients
with cirrhosis. Only cirrhotic patients with Child Pugh score A or B found improved out-
comes from surgical shunting with reduced mortality. Comparing the results of TIPS with
surgical shunt, it is reported that surgical shunt reduced re-bleeding, with fewer shunt
complication e.g. shunt revisions, stent thrombosis, re-stenosis, and re-intervention of
TIPS. However, long-term mortality was similar. On the other hand, similar results were
found between TIPSS and distal splenorenal shunting with regards to re-bleeding, enceph-
alopathy, and survival. Whatever the method of shunting in case of refractory bleeding
from PHG, it should always be performed in expertise center. Surgical shunting may be
an option only in CTP stage A cirrhosis with PHG or in patients with non-cirrhotic portal
hypertension [42].
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Figure 3. Treatment algorithm of portal hypertensive gastropathy.

Argon plasma coagulation (APC) is an electrosurgical technique used for treatment of bleed-
ing of PHG. APC is a noncontact thermal coagulation, high frequency current, that is applied
to the bleeding site through an argon plasma jet, this creates effective hemostasis and a homog-
enous surface coagulation with limited depth penetration. Treatment with APC decrease the
need of transformation and improve the hemoglobin level in PHG patients, accordingly APC
is an effective and rapid therapy to control bleeding from PHG, especially if there is a con-
traindication for beta blockers. If beta blocker can be used, co administration with APC has a
synergistic effect in controlling PHG bleeding [5].

Hemospray: In patients with acute active bleeding due to PHG, it may be useful to use hemo-
static powder that acts as a barrier to enhance the action of the clotting factors, giving time for
the coagulation process to act and stop the bleeding [43]. A treatment algorithm for patients
with PHG is described in Figure 3.

10. Mortality rates

Limited data on mortality due to bleeding from PHG is available, but the bleeding from PHG
is rarely fatal. It represents a small percentage if compared with the mortality from other
causes of gastrointestinal bleeding due to portal hypertension, and especially in comparison
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to variceal bleeding. Also, in cirrhotic patients it represents only <1% of the mortality, because
the bleeding is typically mild [4]. As bleeding from PHG is an unusual direct cause of death,
it does not affect the survival in cirrhotic patients. However, anemia from chronic bleeding or
repeated acute bleeding may lead to deterioration of the liver function.

Acknowledgements

I would like to thank my family for their continuous support. Mohamed & Mennat Allah for
the late nights they stayed up with me. To my husband Megahed and my daughter Reem, I'm
grateful for them inspiring and pushing me to do this in the first place. I'm eternally grateful
to all of you.

Author details

Samia Ali Gamie
Address all correspondence to: samia_ali5@hotmail.com

Faculty of Medicine, Helwan University, Cairo, Egypt

References

[1] Snyder P, Ali R, Poles M, Gross SA. Portal hypertensive gastropathy with a focus on
management. Expert Review of Gastroenterology & Hepatology. 2015;9(9):1207-1216

[2] Bandali MF, Mirakhur A, Lee EW, Ferris MC, Sadler D], Gray RR, et al. Portal hyper-
tension: Imaging of portosystemic collateral pathways and associated image-guided
therapy. World Journal of Gastroenterology. 2017;23(10):1735-1746

[3] Bloom S, Kemp W. Portal hypertension: pathophysiology, diagnosis and management.
Internal Medicine Journal. 2015;45(1):16-26

[4] Mihajlo GjeorgievskiAl, Cappell MS. Portal hypertensive gastropathy: A systematic
review of the pathophysiology, clinical presentation, natural history and therapy. World
Journal of Hepatology. 2016,8(4):231-262

[5] Amr Shaaban Hanafy, Amr Talaat El Hawary. Efficacy of argon plasma coagulation in
the management of portal hypertensive gastropathy. Endoscopy International Open.
2016;4(10):E1057-E1062

[6] Patwardhan VR, Cardenas A. Review article: The management of portal hypertensive
gastropathy and gastric antral vascular ectasia in cirrhosis. Alimentary Pharmacology &
Therapeutics. 2014;40:354-362

73



74 Stomach Disorders

(7]

8]

[10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Merli M, Nicolini G, Angeloni S, Gentili F, Attili AF, Riggio O. The natural history of por-
tal hypertensive gastropathy in patients with liver cirrhosis and mild portal hypertension
The American Journal of Gastroenterology. 2004;99:1959-654

Thuluvath PJ, Yoo HY. Portal hypertensive gastropathy. The American Journal of Gastro-
enterology. 2002;97:2973-2978

Cristina Ripoll, Guadalupe Garcia-Tsao. Management of gastropathy and gastric vascu-
lar ectasia in portal hypertension. Clinical Liver Disease. 2010;14(2):281-295

Eleftheriadis E. Portal hypertensive gastropathy a clinically significant puzzle. Annals of
Gastroenterology. 2001,;14(3):196-204

Wang ], Han W, Zborowska E, Liang ], Wang X, Willson JK, Sun L, Brattain MG.
Reduced expression of transforming growth factor beta type I receptor contributes to

the malignancy of human colon carcinoma cells. The Journal of Biological Chemistry.
1996;271(29):17366-17371

Abbasi A, Bhutto AR, Butt N, Munir SM, Dhillo AK. Frequency of portal hypertensive gas-
tropathy and its relationship with biochemical, haematological and endoscopic features
in cirrhosis. Journal of the College of Physicians and Surgeons Pakistan. 2011;21:723-726

Kamath PS, Shah VH. Portal hypertension and bleeding esophageal varices. In: Boyer
TD, Manns MP, Sanyal A], editors. In: Zakim and Boyer’s Hepatology: A Textbook of
Liver Disease. 6th ed. Philadelphia: Elsevier Saunders. 2012: pp. 296-326

Wu Q, Shen L, Chu J, Ma X, Jin B, Meng F, Chen ], Wang Y, Wu L, Han ], et al.
Characterization of uncommon portosystemic collateral circulations in patients with
hepatic cirrhosis. Oncology Letters. 2015;9:347-350

Zardi EM, Uwechie V, Gentilucci UV, Dobrina A, Petitti T, Laghi V, Picardi A, Afeltra A.
Portal diameter in the diagnosis of esophageal varices in 266 cirrhotic patients: Which
role? Ultrasound in Medicine & Biology. 2007;33:506-511

Elnaser MS, Elebiary S, Bastawi MB, El Shafei A, Elmagd IM, Hamza MM. The preva-
lence of portal hypertensive gastropathy and duodenopathy in some Egyptian cirrhotic
patients. Ultrasound in Medicine & Biology. 2004;34:915-923

Iwao T, Toyonaga A, Oho K, et al. Portal-hypertensive gastropathy develops less in
patients with cirrhosis and fundal varices. Journal of Hepatology. 1997,26:1235-1241

Feldman M, Lee EL. Gastritis. In: Feldman M, Friedman LS, Brandt L], editors. Sleisenger
and Fordtran’s Gastrointestinal and Liver Disease: Pathophysiology, Diagnosis,
Management. 10th ed. Philadelphia: Elsevier Saunders; 2010. pp. 868-883

Sogaard KK, Astrup LB, Vilstrup H, Gronbaek H. Portal vein thrombosis; risk factors,
clinical presentation and treatment. BMC Gastroenterology. 2007;7:34

MY, Choi H, Baik SK, Yea CJ, Won CS, Byun JW, Park SY, Kwon YH, Kim JW, Kim HS, et
al. Portal hypertensive gastropathy: Correlation with portal hypertension and prognosis
in cirrhosis. Digestive Diseases and Sciences. 2010;55:3561-3567



[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

Portal Hypertensive Gastropathy (PHG)
http://dx.doi.org/10.5772/intechopen.69539

Zardi EM, Ghittoni G, Margiotta D, Viera FT, Di Matteo F, Rossi S. Portal hyperten-
sive gastropathy in cirrhotics without varices: A case-control study. European Journal of
Gastroenterology & Hepatology. 2015;27:91-96

Kim MY, Choi H, Baik SK, Yea CJ, Won CS, Byun JW, Park SY, Kwon YH, Kim JW, Kim
HS, et al. Portal hypertensive gastropathy: Correlation with portal hypertension and
prognosis in cirrhosis. Digestive Diseases and Sciences. 2010;55:3561-3567

Khaled Abd-Alazeim Eid, Muhammad Abd El-Gawad Shawky MD, Amro Metwaly
Hassan, Ahmed Qasem Mohammed, Mostafa Ismail Mohammed. Prevalence of
Helicobacter pylori infection in patients with portal hypertensive gastropathy owing to
liver cirrhosis Al-Azhar Assiut Medical Journal. 2016;14(3):109-114

Fontana RJ, Sanyal AJ, Mehta S, Doherty MC, Neuschwander-Tetri BA, Everson GT,
Kahn JA, Malet PF, Sheikh MY, Chung RT, et al. Portal hypertensive gastropathy in
chronic hepatitis C patients with bridging fibrosis and compensated cirrhosis: results
from the HALT-C trial. The American Journal of Gastroenterology. 2006;101:983-992

Herbst DA, Reddy KR. Risk factors for hepatocellular carcinoma. Clinical Liver Disease.
2012;1(6):180-182. DOI: 10.1002/cld.111

Sanyal AJG, Grace ND, Carey W. Prevention and management of gastroesophageal vari-
ces and variceal hemorrhage in cirrhosis. Hepatology. 2007;46:922-938

Misra SP, Dwivedi M, Misra V. Prevalence and factors influencing hemorrhoids, anorec-
tal varices, and colopathy in patients with portal hypertension. Endoscopy. 1996,28(4):
340-345

D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic indicators of sur-
vival in cirrhosis: A systematic review of 118 studies. Journal of Hepatology. 2006;44:
217-231

Rafael F Perini, Paula RS Camara and Jose GP Ferraz. Nature clinical practice, pathogen-
esis of portal hypertensive gastropathy: Translating basic research into clinical practice.
Gastroenterology & Hepatology. 2009;6:150-158. DOI: 10.1038/ncpgasthep1356

Spina GP, Arcidiacono R, Bosch J. et al. Gastric endoscopic features in portal hyperten-
sion: Final report of a consensus conference, Milan, Italy. 19 September 1992. 1994. pp.
461-467

Amitabh Srivastava MD. Pathology & laboratory medicine, basicmedical insight engine.
http://basicmedicalkey.com/portal-hypertensive-gastropathy [Accessed: July 6, 2016]

Burak KW, Lee SS, Beck PL. Portal hypertensive gastropathy and gastric antral vascular
ectasia (GAVE). Journal of Hepatology. 2001;49:866-872

Charmaine Stewart A, Arun Sanyal J. Grading portal gastropathy: Validation of a gas-
tropathy scoring system. The American Journal of Gastroenterology. 2003;98:1758-1765.
DOI: 10.1111/j.1572-0241.2003.07595

Urrunaga NH, Don Rockey C. Portal hypertensive gastropathy and colopathy. Clinical
Liver Disease. 2014;18(2):389-406

75



76

Stomach Disorders

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Erden A, Idilman R, Erden I, et al. Veins around the esophagus and the stomach: Do
their calibrations provide a diagnostic clue for portal hypertensive gastropathy? Clinical
Imaging. 2009;33:22-24

Raul Cubillas, Don Rockey C. Portal hypertensive gastropathy: A review article. Liver
International . 2010;30(8):1094-1102. DOI: 10.1111/;.1478-3231.2010.02286

Lo GH, Lai KH, Cheng JS, Hsu PI, Chen TA, Wang EM, Lin CK, Chiang HT. The effects
of endoscopic variceal ligation and propranolol on portal hypertensive gastropathy: A
prospective, controlled trial. Gastrointestinal Endoscopy. 2001;53:579-584

Thuluvath PJ, Yoo HY. Portal hypertensive gastropathy. The American Journal of
Gastroenterology. 2002;97:2973-2978

Wagatsuma Y, Naritaka Y, Shimakawa T. et al. Clinical usefulness of the angioten-
sin II receptor antagonist losartan in patients with portal hypertensive gastropathy.
Hepatogastroenterology. 2006,53(68):171-174

Zhou Y, Qiao L, Wu J. et al. Comparison of the efficacy of octreotide, vasopressin, and
omeprazole in the control of acute bleeding in patients with portal hypertensive gastrop-
athy: A controlled study. Journal of Gastroenterology and Hepatology. 2002;17:973-979

Kamath PS, Lacerda M, Ahlquist DA, McKusick MA, Andrews JC, Nagorney DA.
Gastric mucosal responses to intrahepatic portosystemic shunting in patients with cir-
rhosis. Gastroenterology. 2000;118:905-911

De Franchis R, Faculty BV. Revising consensus in portal hypertension: report of the
Baveno V consensus workshop on methodology of diagnosis and therapy in portal
hypertension. Journal of Hepatology. 2010;53:762-768

Smith LA, Morris AJ, Stanley AJ. The use of hemospray in portal hypertensive bleeding;
A case series. European association for the study of the liver. Journal of Hepatology.
2014;60:457-460



Chapter 6

Application of Transmission Electron Microscopy
Techniques in the Veterinary Diagnosis of Viral
Gastroenteritis in Livestock Animals

Marcia Helena Braga Catroxo and
Ana Maria Cristina Rebello Pinto da Fonseca Martins

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.70945

Abstract

Gastroenteritis caused by viruses is considered to be one of the most important diseases in
livestock, being the main cause of morbidity and mortality in young animals, culminating
in serious economic losses due to costs with prophylaxis and treatment, increased sus-
ceptibility of animals to secondary infections, developmental delay and death. Stressful
factors may support the onset of illness. Several viral agents can cause gastroenteritis in
various animal species. Rotaviruses are considered the main cause of enteric infections
in various animals, including humans constituting important zoonosis. Due to genetic
diversity and their ability to cross the species barrier, the coronaviruses infect many spe-
cies. In cattle, they cause “Winter Dysentery” in adult animals and “Neonatal Diarrhea”
in newborn calves. In swine, they are responsible for “Transmissible Gastroenteritis” and
“Swine Epidemic Diarrhea.” Equines infected with coronavirus also develop severe gas-
troenteritis. Bovine viral diarrhea (BVD) caused by a flavivirus of the genus Pestivirus is
related to digestive and reproductive disorders, affecting any productive sector, are it cut,
milk or confinement. Transmission electron microscopy is an indispensable tool in the
diagnosis of viral gastroenteric infectious diseases. Negative staining is a simple, fast and
efficient technique, being ideal for the detection of gastroenteric viruses, being easily visu-
alized. The immunoelectron microscopy (IEM) technique allows increasing the sensitivity
of virus detection where low concentrations of virus are aggregated so that they may
be more easily seen. The immunolabeling with colloidal gold technique utilizes specific
antibodies tagged with particles of colloidal gold to label the antigen antibody reaction.
Embedding resin technique allows obtaining information on the virus-cell interaction.
The different transmission electron microscopy modalities promotes a fast and accurate
diagnosis of the different gastroenteric viral agents, allowing prophylactic measures of
control and prevention in the creations to be promptly instituted, avoiding animal losses
and disastrous economic losses, and collaborating with the National Porcine and Bovine
Agribusiness.

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgNN
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1. Introduction

Gastroenteritis caused by viruses is considered one of the most important diseases in live-
stock, being the main cause of morbidity and mortality in neonates. The food animal live-
stock industry estimated a multimillion dollar annual economic loss due to diarrheal diseases
associated with a reduction in weight gain, costs with prophylaxis and treatment, increased
susceptibility of animals to secondary infections, developmental delay and death of young
animals. They represent an important sanitary problem compromising the herds, indepen-
dently of the level of technification of the creation. Stressful factors such as long-distance
travel, reproduction, nutritional deficiencies, environmental changes, etc., may support the
onset of illness [1].

The main agents that can cause gastroenteritis in livestock animals are rotavirus, coronavirus
and flavivirus.

1.1. Rotavirus

Rotaviruses are considered the main cause of enteric infections in cattle, swine, equines,
canines, felines, birds and wild, including humans constituting important zoonosis [2, 3].
They are observed more frequently in neonates, with negative economic impact to the world-
wide productive sector, causing high mortality, when it occurs in commercial creations. In
livestock, rotaviruses are associated with severe enteric diseases in young calves [4, 5], wean-
ing and postweaning piglets [6] and severe enteritis in foals [7].

Rotavirus is classified as a member of Reoviridae family, Sedovirinae subfamily and Rotavirus
genus [8]. They have icosahedral symmetry and a nonenveloped capsid formed by three con-
centric layers of protein that is 70-90 in diameter. The genome of rotavirus comprises 11 seg-
ments of double-strand RNA of 16-21 kbp, encoding six structural proteins (VP1-VP4, VP6
and VP7) and five nonstructural proteins (NSp1-NSp5/6). They are classified into eight groups
(A-H) based on the antigenic relationship of its VP6 protein. The most common groups that
infect humans and animals are the A, B and C [9, 10].

1.1.1. Bovine rotavirus

Bovine group A rotavirus (bovine RVA) is recognized as the most common cause of severe
gastroenteritis in cattle, causing significant economic loss in the dairy and beef industry due
to increased morbidity and mortality, treatment costs and reduced growth rates [11, 12].
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Infection with bovine rotavirus group A (RVA) has been reported in several countries, such as
Brazil [12], the Netherlands [13], Australia [14], EUA [15], New Zealand [16] and Japan [17].
Rotavirus B strains also cause epidemic and sporadic cases of diarrhea in humans, pigs, cattle,
limbs and rats [18]. Bovine RVB infections have been reported only in Japan [19], Indian [20],
the United Kingdom [21] and the United States [22].

Rotaviral diarrhea usually affects calves between 4 days and 3 weeks old. The incubation
period is 12-24 h, and the duration of diarrhea lasts from 2 to 5 days [19, 23-25].

The animals presented depression, anorexia, excessive salivation, profuse diarrhea and severe
dehydration [23, 24]. The abomasums typically contains milk curd and thick saliva. The virus
replicates in the mature epithelial cells of the villi, and viral infection redirects the function of
cells of the absorption for the partially digested milk and accumulates in the intestinal lumen
[24, 26]. Other secondary agents often found in epizootics of rotavirus-associated diarrhea
may contribute to the severity of the disease [26].

Transmission generally occurs when an unaffected animal has oral contact with infected feces
and contaminated feed, or if they are exposed to living quarters with poor hygiene charac-
teristics. Cows displaying signs and symptoms may shed the virus for as long as a week,
while some cows can become reinfected and shed the virus throughout their life and remain
asymptomatic [26].

The methods of negative staining (rapid preparation) (Figure 1) and the immunoelectron
microscopy (Figure 2) demonstrate the presence of rotavirus particles in fecal samples from
calves with diarrhea [25], being named “the gold standard” in the diagnosis of viral enteritis
in calves. Immune electron microscopy (Figure 2) and immunolabeling with colloidal gold
particles (Figure 3) have a high sensitivity ranging from 87 to 100% of the different viral
agents, which gives good diagnostic value [27, 28].

Figure 1. Negatively-stained rotavirus particles, showing individual capsomers (arrow) in feces of bovine. Bar: 80 nm.
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Figure 2. Inmunoelectron microscopy of rotavirus particles aggregated by antigen-antibody interaction in bovine feces.
Observe “complete” (big arrow) and “empty” (minor arrow) particles. Bar: 240 nm.

Figure 3. Bovine rotavirus marked by the particles of colloidal gold (arrow). Bar: 100 nm.

General recommendations regarding decrease of RVA diarrhea include management prac-
tices, especially good hygiene and sanitation procedures, as well as pathogen-specific inter-
ventions, such as the use of vaccine prophylaxis [14, 29].
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1.1.2. Swine rotavirus

In pig farms, rotaviruses are responsible for economic losses due to death of animals, poor
growth performance and costs of diagnostic and treatment [30, 31].

The rotaviruses that affect pigs are differentiated as group A, B and C, based on the antigenic-
ity and genetic characteristics of VP6 [9, 32]. Group H has already been described in Brazil
[33]. Group A rotavirus is the most frequently isolated of piglets with 1- to 8-week-old diar-
rhea [34], but groups B and C are also described in piglets in both the maternity and nursery
phases [35, 36].

Swine rotavirus has a worldwide distribution and has been reported in Africa [37], Vietnam
[38], England [39], Italy [40] and Brazil [33, 41].

Since rotavirus can survive in the environment for a extended period and is transmitted via
the fecal-oral route, outbreaks are difficult to control [42].

It affects piglets from the first to the sixth week of life, but occurs with a higher prevalence
among animals from 2 to 4 weeks. Infection in neonates is associated with failure of passive
immunity due to insufficient colostrum intake or the occurrence of a genotype different from
that which occurs endemically in the herd [41, 43].

In pigs, the infection is characterized by vomiting, anorexia, slimming, prostration, diarrhea
of liquid or pasty consistency and whitish coloration, which lasts for 2-5 days, and dehydra-
tion. In more severe cases, because of episodes of diarrhea, the animal may develop electro-
lyte imbalance, metabolic acidosis and death [43].

Rotavirus infects enterocytes from the apical and intermediate portions of the intestinal
villi, causing lysis of enterocytes with decreased absorption capacity and digestive func-
tions [44, 45].

Both asymptomatic animals and matrices, especially in the period of peri-parto, eliminate
rotavirus in the environment and can be considered sources of infection [43].

Rotavirus particles are easily visualized by electron microscopy techniques (negative stain-
ing (Figure 4) and immune electron microscopy), considering that they are present in large
quantities in feces and intestinal fragments of infected pigs. These techniques have been used
in many studies of the swine rotavirus [46—48].

Inadequate management practices tend to increase the frequency of rotavirus diarrhea.
These include weaning in younger animals, breeding pigs at multiple sites, and larger herds
have a higher incidence of RV infection due to variation in the immunity level of females
[49].

Delivery assistance and breastfeeding management are essential for newborn piglets to
receive passive neutralizing antibodies through the ingestion of colostrum, which is the main
form of protection of the newly born piglet against rotavirus.
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Figure 4. Negatively-stained rotavirus, showing “complete” (big arrow) and “empty” (minor arrow) particles in feces
of swine. Bar: 150 nm.

As with all viruses, there is no specific treatment for rotavirus. Treatment consists of control-
ling the progression of the clinical picture with the use of supportive therapy (electrolyte
replacement) and of the secondary bacterial infections with the use of broad-spectrum anti-
microbials [43].

1.1.3. Equine rotavirus

Group A equine rotavirus (RVA)-associated diarrhea foals represent a main sanitary problem
for the equine industry worldwide [50]. It is the main cause of diarrhea in foals up to 3 months
of age, and the acute dehydration can incur severe economic burden due to morbidity in studs
[51]. Diarrhea associated with rotavirus can also be a serious problem in areas of intensive
breeding during the breeding season [52]. The G3P and P14P are the most prevalent equine
rotavirus strain [53].

Clinical signs include diarrhea referred to as white diarrhea or milk diarrhea, lethargy,
pyrexia, reluctance to suckle and abdominal tympani. Depression and colic are often
observed in serious field cases [51, 54-56]. The malabsorptive watery diarrhea leads to
severe dehydration and sometimes death, mainly in neonates with failure of passive anti-
body transference [50].

Transmission is by feco-oral route via contaminated feces or fomites, and the incubation
period is of 1-2 days [57]. The virus invades the intestinal epithelium on the sides and the tips
of the villi. The brush border epithelium of the small intestine synthesizes disaccharides to
monosaccharides, which are absorbed in the gut. Destruction of the brush border villi results
in a decrease in the formation of lactase, resulting in the absence of lactose digestion. This
sugar remains in the lumen of the gut, osmotically attracting more fluid [58].

Treatment of foals with rotavirus diarrhea are directed to maintenance of hydration and
electrolyte and acid-base balance, aiming to reduce abdominal discomfort or intestinal irrita-
tion, to prevent secondary bacterial infection and to avoid spread infection to other foals. The
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administration of oral or intravenous electrolytic solutions, in addition to intestinal protectors,
has been indicated as an auxiliary method in the treatment of rotavirus diarrhea. As preven-
tion measures, isolation of foals with diarrhea, use of protective clothing for the handlers, hand
hygiene, use of pedilavium, and appropriate vaccination of animals should be adopted [59, 60].

Direct electron microscopy readily detects rotavirus particles in feces and intestinal fragments
of foals with diarrhea [61-64].

1.1.4. Sheep and goats rotavirus

Rotaviruses A, B and C have been described in small ruminants [65-67]. Reports on ovine
or caprine Rotavirus A are available from various countries worldwide, with detection rates
reaching 60% and estimated 10-30% mortality [68-70].

During outbreaks of neonatal diarrhea by rotavirus A, prevalence in fecal samples and lamb,
morbidity/mortality may be very high [71, 72]. During an outbreak of diarrhea occurred in
a dairy herd of goats in Brazil, rotavirus A was detected in 80-day-old animals with watery
diarrhea, anorexia, dehydration and death of one of the animals [73]. Rotavirus A has been
associated with diarrhea in goats kids [66, 74]. Regarding the occurrence of rotavirus C, little
information is obtained in these species [74].

Administration of colostrums is pivotal to protect lambs from rotavirus-induced diseases
[75]. The colostrums and milk of ewes administered with an inactivated rotavirus A vaccine
2-3 weeks prior to mating contained high titers of antibody to the virus [76].

1.2. Coronavirus
1.2.1. Bovine coronavirus

Due to genetic diversity and their ability to cross the species barrier, the coronaviruses infect
many animals species, including cattle, pigs, equines, rodents, dogs, cats, ferrets and domestic
and wild birds [77].

1.2.1.1. Bovine enteropathogenic coronavirus

Bovine coronavirus is widespread in the cattle population, resulting in economic losses to the
beef and dairy industry in the world [78]. In both beef and dairy herds, BCoV can be associ-
ated with calf diarrhea, calf respiratory disease, winter dysentery, respiratory disease in adult
cattle, and combined pneumonia and diarrhea in calves and adults [79, 80].

Bovine coronavirus belongs to the Nidovirales order, Coronaviridae family and Betacoronavirus
genus [9]. They are simple-stranded positive sense RNA viruses, 32 kbp long, which associates
with the nucleoprotein (N) forming a nucleocapsid with helical symmetry. The viral envelope of
BCoV is formed by a lipidic double layer with five structural proteins (M, sM, HE, S and I) [81, 82].

Morphologically, they are pleomorphic, with radial projections with a form like-club giving
an aspect of solar corona and they measure 75-160 nm of diameter [83].
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Transmission of bovine enteropathogenic coronavirus occurs by the fecal-oral or respiratory
routes, and most often transmission is horizontal and occurs from carrier dam to offspring
postpartum [84].

BCoV causes severe hemorrhagic diarrhea, which is sometimes fatal in young animals, and
the spiral colon is the host spot for viral replication in the gastrointestinal epithelium, leading
to intestinal villi atrophy and osmotic diarrhea [85].

Once infected, a calf can secrete high levels of virus within 48 hours after experimental infec-
tion, and this may persist up to 14 days [86].

The clinical signs are represented by yellow to blood-stained mucus-containing diarrhea,
which then progress to a profuse watery diarrhea. Subsequently the animals become dehy-
drated, depressed, weak and hypothermic, and them suckle reflex is loosened. Most of calves
recover, but a few develop pyrexia, recumbency, coma and death [79].

1.2.1.2. Winter dysentery (BCoV-WD) in adult cattle

Winter dysentery (BCoV-WD) is a sporadic acute, contagious hemorrhagic enterocolitis of
cattle that occurs in epizootic fashion in a herd [87].

BCoV-WD has been reported through the world including EUA [88], France [89], Spain [90],
Canadian [91], Italy [92], Japan [93] and Brazil [94].

The incubation period for BCoV-WD ranges from 2 to 8 days [79].

The disease is characterized by a sudden onset of mucous dark, watery often-bloody diar-
rhea, which is accompanied by depression and anorexia in adult beef and dairy cattle. Mild to
moderate signs of respiratory disease have been reported [92, 95]. The outbreaks occur during
the winter season and result in high morbidity and low mortality rates. In an affected cattle
herd, milk production may not return to normal for several weeks or even during that lacta-
tion period, resulting in significant economic losses for the milk industries. Cattle are more
efficiently infected in winter, which increases the environmental contamination and justifies
the high morbidity of winter dysentery during the cold months [96, 97].

The intestinal lesions are comparable with those observed in calves with BCoV-induced diar-
rhea [79]. In calves with BCoV enteric infection, viral particles can be detected by electron
microscopy in the feces 1-2 days before the onset of diarrhea and for several days after the
diarrhea has resolved. BCV can also be found in nasal secretions of calves with BCoV diar-
rhea. Recovered calves that are apparently immune to disease can still shed BCV in their nasal
secretions or feces [98].

Electron microscopy has been widely used to detect bovine coronavirus particles. Typically,
coronavirus particles can be demonstrated in fecal samples by direct electron microscopy
(Figure 5), immune electron microscopy or immunolabeling with colloidal gold particles
(Figure 6) [27, 98-102].

In cases of coronavirus infection, the most indicated treatment is the symptomatic with electro-
lytes, antipyretics, antidiarrheals and probiotics, antimicrobial therapy to prevent secondary
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Figure 5. Negatively-stained coronavirus particles containing distinctive club-shaped surface projections, in feces of
bovine (arrow). Bar: 100 nm.

Figure 6. Buffalo coronavirus marked by the particles of colloidal gold (arrow). Bar: 100 nm.

infections, and the occurrence of outbreaks to vaccinate the animals. Colostrum intake has
emerged as the natural and most useful method to control BCoV calf diarrhea [103]. The
hygiene, management and sanity of the property are important factors for the prevention of
neonatal diarrhea, thus avoiding serious damage to the producer [104].

1.2.2. Porcine coronavirus
1.2.2.1. Porcine transmissible gastroenteritis (TGEV)

Porcine transmissible gastroenteritis is a highly severe contagious disease caused by virus of
the Coronaviridae family and genus Alphacoronavirus [77].
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As a notifiable disease, the TGEV causes significant economic losses in the pig industry and
has been reported in several countries as Europe, American and Asia [105-107]. TGEV was
detected for the first time in Brazil through histopathological techniques and the transmission
electron microscopy in 19 (25.3%) small intestine samples of pigs from various municipalities
in the State of Sdo Paulo and the Minas Gerais, Brazil [108].

The disease affects pigs of all ages, and symptoms were represented by severe watery diarrhea
accompanied by vomiting [109, 110], anorexia, prostration, dehydration, dyspnea and death [108].

In the TGEV epizooty, the high mortality rates, up to 100%, affecting piglets of less than
2 weeks of age is a result of severe dehydration [105].

The replication of the virus occurs in the digestory and respiratory tracts, and the target is the
epithelial cells of the small intestinal villi that result in the atrophy of the infected epithelium
focusing in severe intestinal disorders, which can be fatal in the neonatal period [111, 112].

The transmission route occurs by breast feeding, oral-fecal and fomites [113]. Exportation of
fresh and frozen pork contaminated by TGEV allows that these types of food act as a potential
source of viral transmission [105, 107, 114].

For the diagnosis of swine coronavirus, the negative-staining technique (Figure 7) has been
widely used by many authors [115-119]. To confirm the viral strain (TGEV), immunoelectron
microscopy (IEM) (Figure 8) and immunolabeling techniques with gold particles, performed
with a monoclonal antibody specific for TGEV, can be used. Viral ultrastructural aspects can
be studied through the resin embedding technique (Figure 9) [108].

According to the OIE [107], technique of transmission electron microscopy and in situ hybrid-
ization was chosen to identify TGEV. Using specific monoclonal antibodies it is possible to
differentiate TGEV from the coronavirus that causes epidemic porcine diarrhea and the coro-
navirus that causes respiratory disease.

Figure 7. Negatively-stained coronavirus particles, showing characteristic envelope with radial projections forming a
corona, in feces of swine (arrow). Bar: 100 nm.
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Figure 8. Immunoelectron microscopy of TGEV (arrow) aggregated by antigen—antibody interaction in swine feces. Bar:
190 nm.

Figure 9. Resin embedding of swine small intestine. Observe coronavirus particles, incomplete, whitin intracytoplasmatic
vacuoles (big arrow), complete particle (minor arrow) and dilated cisternae of the rough endoplasmic reticulum (arrow
head). Bar: 200 nm.

There is no specific treatment for TGEV. Treatment is symptomatic and seeks to avoid the
spread and control of secondary infections, which may aggravate clinical signs. The most
important prophylactic measure is to prevent the entry of TGEV in herds [120].
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1.2.2.2. Epidemic porcine diarrhea (PEDV)

The epidemic porcine diarrhea virus (PEDV) has been causing incalculable losses to the pro-
duction of pigs in several countries, modifying the behavior of the swine market worldwide
[121].

It was first observed in England, causing a devastating and sudden diarrhea during the win-
ter, leading to losses in pig farms [122]. Subsequently, it was found in Belgium, Hungary,
France, Italy, the Czech Republic, China and Asia, where more severe outbreaks were diag-
nosed. In the USA, it was first diagnosed in May 2013, and during the period from September
2013 to February 2014, losses of pigs in the United States by the swine epidemic diarrhea virus
were estimated in 2.7 million or slightly more than 5% of the animals [123-126]. Recently, the
presence of the virus has been reported in countries of South America, such as Peru [127] and
Colombia [128].

The direct transmission occurs by fecal-oral route. Clinical signs of PEDV may occur within
4-5 days following introduction of infected swine to farms with susceptible animals. Following
an outbreak, PEDV may subside but may become endemic if sufficient litters are produced
overcome lactogenic immunity. Contaminated personnel equipment or other fomites may
introduce the virus into a susceptible herd [121].

The incubation period of PEDV is 3—4 days [129].

Clinical signs of PEDV infection include anorexia, vomiting, diarrhea and dehydration.
Morbidity and mortality in piglets less than 5 days is of almost 100% due to severe diarrhea
and dehydration, but mortality in piglets older than 10 days is about 10% [130, 131].

PEDV replicates in the cytoplasm of villous epithelial cells throughout the small intestine,
destroying target enterocytes because of massive necrosis or apoptosis. These processes lead
to villous atrophy and vacuolation as well as a marked reduction in the enzymatic activity,
causing malabsorptive watery diarrhea, followed by serious and fatal dehydration in piglets
[132-134].

Ultrastructural colon lesions have been observed by transmission electron microscopy. At the
cellular levels, PEDV protein E is localized in the endoplasmic reticulum with small amounts
being found in the nucleus of infected cells [135].

Although an approved vaccine against the PEDV virus is not yet available, it is important to
adopt biosecurity programs to prevent the spread of the disease in the country. These include
the disinfection of environments susceptible to contamination, such as breeding, slaughtering
and transport facilities, as well as water and food containers. It is also necessary to implement
surveillance measures regarding the introduction of new animals in the herd, quarantine pro-
cedures and control of access to the farms [121].

1.2.3. Equine coronavirus (ECoV)

Equine coronavirus (ECoV) which causes enteritis in foals is a disease of economic signifi-
cance in equines for horse breeders [136].
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They typically have a restricted host range, infecting only their natural host and closely related
animal species but do have the capacity to cross the species barrier to infect new hosts. Equine
coronavirus (ECoV) is the only coronavirus known to infect or cause disease in horses [137].

Equine coronavirus (ECoV) belongs to the Coronaviridae family and Betacoronavirus genus
[138].

ECoV was first isolated in North Carolina (USA) from the feces of a diarrheic foal in 1999 [139]
and was initially believed to only affect foals. Since 2010, there have been several reports of
ECoV-associated respiratory and enteric infections in adult horses in Japan, Europe and the
United States, but its global distribution is still poorly defined [10, 140-143]. In Brazil, the first
outbreak of enteritis in horses was reported in 1988 by transmission electron microscopy in a
horse livestock, in Sao Paulo, SP, affecting animals ranging from 1 week to 4 months that pre-
sented aqueous diarrhea [144]. Later, another outbreak was reported in a farm in Rio Grande
do Sul, where 69 foals of 45-90 days were affected by severe enteritis [145].

The main clinical signs presented by the ECoV infection are represented by anorexia, apa-
thy, lethargy, fever and neurologic abnormalities (ataxia, depression and recumbency).
Respiratory problems, profuse aqueous diarrhea greenish to yellowish of putrid odor and
discrete algia abdominal can also been observed [136, 141, 144-147]. It is transmitted by the
fecal-oral route, and signs tend to resolve in 1-4 days, although animals can continue shed-
ding for several weeks [147]. It is suggested that ECoV may spread among horses when they
are stabled together or during transport [148, 149].

The virus has been diagnosed more frequently in adult animals over 2 years of age [146, 147, 150].
However, outbreaks have been reported in foals from 5 days to 4 months of age [139, 144, 145, 151]
and in both adults and young animals [141].

Morbidity ranges from about 20-57%, and mortality is typically rare [147]; however, a high
mortality rate has been described in foals [152].

ECoV has been shown to produce cell death via apoptosis in Madin-Darby Bovine Kidney
(MDBK) cell cultures [153].

With the aid of transmission electron microscopy techniques, the disease is more easily
diagnosed. Negative-staining technique (rapid preparation) (Figure 10) and immunoelec-
tron microscopy (Figure 11) has been widely used for direct visualization of viral particles
[139, 144, 146, 151, 154-157].

Most adult horses with clinical ECoV infection recover spontaneously in a few days without
specific treatment. Horses with persistent elevated rectal temperature, anorexia and depres-
sion are routinely treated with anti-inflammatory drugs intravenously. Horses with colic,
persistent depression and anorexia and/or diarrhea have been treated more intensively with
fluid and electrolyte until clinical signs have resolved. Additionally, antimicrobials and gas-
trointestinal protectants should be considered in horses with secondary bacterial infection.
The use of BCoV vaccine in horses for the prevention of ECoV has not been investigated and
cannot be recommended.
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Figure 11. Immunoelectron microscopy of coronavirus particles (arrow), aggregated by antigen-antibody interaction in
equine feces. Bar: 190 nm.

The prevention of ECoV infection should focus on the implementation of routine manage-
ment practices aimed at reducing the likelihood of introducing and disseminating ECoV at
any horse-based premise (boarding facility, show ground, and veterinary hospital). Once an
ECoV infection is suspected, strict biosecurity measures including footbaths and the use of
personal protective equipment should be provided and adequately maintained for sanitary
purposes [158].

1.3. Bovine viral diarrhea (BVD)

Brazil currently occupies the position of the world’s largest exporter of beef, with the produc-
tion chain moving around 167.5 million/year, producing 9.5 million tons [159].
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Bovine viral diarrhea virus (BVDV) is an important pathogen of ruminants causing severe
economic losses to the cattle industry, affecting any productive sector, are it of cut, milk or
confinement [160].

It has a worldwide distribution, having already been reported in several countries, such as
Italy [161], Australia [162], EUA [163], China [164] and Japan [165].

In Brazil, the presence of BVDV has already been proven in several states, such as Pernambuco
[166], Goias [167], Maranhao [168], Minas Gerais [169] and Rio Grande do Sul [170].

Bovine viral diarrhea virus type 1 (BVDV-1) belongs to the Flaviviridae family and Pestivirus
genus that comprises also the species bovine viral diarrhea virus type 2 (BVD-2), classical
swine fever virus (CSFV) and border disease virus (BVD) [8].

The virions are 40-60 nm in diameter, spherical in shape, and contain a lipid envelope [171].
The Pestivirus genome composed of a positive-sense single-stranded RNA that is approxi-
mately 12.3 kb [172]. BVDV-1a and 1b are the most widely distributed BVDV-1 subtypes in
the world and alternate as the most prevalent in different countries [173, 174]. BVDV-1 can
be divided into at least 21 subgenotypes (1a—u). BVBD-1i is an uncommon subtype that has
been reported in the United Kingdom and Uruguay, and recently, in Brazil [175, 176], and the
subtype 1 h strain was isolated in Italy [175]. Bovine viral diarrhea virus is one of the most
widespread cattle pathogens worldwide being considered emergent [177].

The clinical signs of BVDV infection are highly variable, ranging from unapparent or mild
infection to fatal acute illness. These clinical signs or symptoms include acute or chronic gas-
trointestinal disorder, respiratory disease in calves, and a hemorrhagic syndrome with throm-
bocytopenia, skin diseases, immunosuppression and decreasing milk production. BVDV also
had been relacioned with infertility, return to estrus, embryonic or fetal mortality, abortion
or mummification, fetal malformations or the birth of week calves and infeasible [178-180].

The BVDV induces persistent fetal infection, generating a persistently infected animal with
50% calves lethality rate in the first year of life. The PI animals excrete the virus in large quan-
tity in the secretions, being responsible for the maintenance of the virus in the herd [181].

Mucosal disease affects exclusively PI animals between 6 months and 2 years of age, with a
fatal course. The acute form is characterized by a 10- to 14-day incubation period, followed
by fever, anorexia, tachycardia, polypnea, erosions in the oral mucosa and nostrils, dehydra-
tion, watery diarrhea and rhinitis, nasal and ocular discharge and death within a few days.
Animals that survive acute form develop chronic mucosal disease, whose signs are nonspe-
cific [181].

Transmission may occur horizontally through direct contact between animals or indirectly
through contaminated secretions, excretions and fomites or vertically leading to congenital
infection of the fetus [180].

The introduction of BVDV in the herds occurs by the entry of PI animals on the farms, through
the acquisition of cattle during the acute phase of the disease, persistently infected bulls or
female breeding PI fetuses and contact between neighboring herds [182].
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The laboratory diagnosis is performed through seroneutralization, cell culture isolation, PCR
and immunohistochemistry [180].

Bovine virus diarrhea (BVD) particles have been identified by negative-staining electron
microscopy (Figure 12) in feces, in purified virus preparations, in infected cell cultures and
in tissues from infected animals [183-188], being this technique recommended by the OIE for
the detection of BVDV [183].

Immunogold labeling technique was utilized for marking BVDV particles (Figure 13) and
for locating both E (rns) and E2 proteins at the virus membrane [187]. The embedding resin
technique was used to study the ultrastructural aspects of BVDV, showing that bovine viral
diarrhea virus NS4B protein is an integral membrane protein associated with Golgi markers
and rearranged host membranes [189].

Figure 13. BVDV particles strongly enhanced by the dense colloidal gold particles (arrow). Bar: 140 nm.
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The examination of suspected sample by immune electron microscopy procedures is feasible
for BVDV virus detection, and it can be used as diagnostic tool, especially for screening of
cell culture supernatants infected with suspected clinical specimens. The suitability of this
assay for direct screening for identification of persistently infected animals, where the viral
load is expected to be high and which are of great concern for control programs, needs to be
explored [188].

Considering that BVDV infections cause significant economic losses to farms, biosafety, sani-
tary and hygiene measures should be implemented on farms to reduce the prevalence of the
virus in herds. In addition, quarantine, vaccination and testing procedures should be insti-
tuted in the herds for identification and removal of persistently infected animals (IP), mini-
mizing the spread of the virus [166, 178, 179, 190].

1.4. Transmission electron microscopy

Transmission electron microscopy is a perfectly adequate tool to investigate viral agents dur-
ing outbreaks of gastroenteritis [191]. It is used when it is necessary to apply a fast and reli-
able diagnostic method to contain the infection and to quickly minimize the animal losses
and consequently the economic damages that cause to the rational economic exploitation of
the production animals, as much by the decrease of the productivity as in terms of treatment
costs. Consideration should also be given to the zoonotic potential of some viruses, such as
rotavirus, and the implications for public health [1].

Electron microscopy has led to the discovery of many new viruses, mainly those associated
with gastroenteritis, for which it remained the principal diagnostic method [192].

Viruses are grouped into families based on their morphology. Viruses from various families
look distinctly, and these morphological variances are the basis for identification of viruses by
electron microscopy. The identification to the family level is already sufficient for the recogni-
tion of an unknown infectious viral agent and, to allow the immediate adoption of prophylac-
tic measures, control and prevention of the disease [193].

1.4.1. Negative-staining technique

Negative staining has been a useful specimen preparation technique for biological and medi-
cal electron microscopists for almost 50 years since its introduction by Brenner and Horne in
1959 [194] as an established method [195].

The technique consists of an electron-dense stain that surrounds the biological specimen and
penetrates in the structural crevices to give an image in which the biological specimen appears
electron-lucent against the dark electron-dense background. The image is formed by the
absorption or deflection of the electrons by the stain, giving opacity to those areas [195, 196].

Due to the simplicity of the preparation of the samples and the rapidity of the results (5-10 min),
negative staining has been the most used technique, mainly in the detection and viral iden-
tification during outbreaks of gastroenteritis [197]. The large diversity of viruses potentially
involved in gastroenteritis contributed to the use this technique in clinical virology [198].
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In addition to the rapidity, it has several other advantages, such as to enable the detection of
different viral particles in a single sample without the need for specific reagents, to allow the
discovery of new viruses, and to require a small amount of sample, besides when detecting
the agent to exclude the possibility of obtaining false-positive results [193].

Negative staining can be applied to various types of biological samples. In cases of gastro-
enteritis, viruses can be easily visualized in feces, small intestine fragments, fecal swab and
peritoneal fluid where they are found in large quantity.

Several types of contrasting (heavy metal salts) are used; however, 2% ammonium molybdate
and pH 5.0 provide the best contrast to viral agents.

The diagnosis is made by comparing the dimensions and specific morphology of the visual-
ized particles and other taxonomically combined viral families.

1.4.2. Immunoelectron microscopy technique

Immunoelectron microscopy (IEM) technique that consists in the direct visualization of anti-
gen and antibody complexes by negative stain which promotes increased sensitivity in 100-
fold, cujo resultado positive, is indicated by the presence of virus-antibody aggregates [192].

The technique was initially developed to quantify plant by Derrick [199] and was subse-
quently used in several types of clinical samples [200-202].

Immunoelectron microscopy (IEM) is utilized when the number of viral particles in a sample
is very low, when virions are pleomorphic and difficult to identify because they do not have a
typical viral morphology or when the samples are “dirty” because the aggregated complexes
are more easily observed [203]. It allows identification of the virus for specific antigen-anti-
body reaction and such identification is achieved by its morphology. It is also used to serotype
morphologically similar (but antigenically distinct) particles [195, 204, 205].

Several variations of the method such as immune clumping or direct immunoelectron micros-
copy (DIEM) [206, 207] or immune aggregation electron microscopy (IAEM) [203], solid
phase immune electron microscopy (SPIEM) [199] and decoration [208] have been used.
Hyperimmune sera, monoclonal antibodies or convalescent sera can be used in performing
the technique [193, 203]. The SPIEM has been utilized to detect most of the viruses that cause
gastroenteritis such as bovine rotavirus, swine, equine, canine, bovine coronavirus, swine,
canine parvovirus and BVDV.

IAEM was used to detect porcine rotavirus (PoRV), porcine torovirus (PoToV) and porcine epi-
demic diarrhea coronavirus (PEDV) in pigs with enteritis utilizing convalescent sera [203].

1.4.3. Immunolabeling with colloidal gold particles by negative-staining technique

In this technique, the antigen-antibody reaction is enhanced by antigen labeling by colloi-
dal gold particles associated with protein A, using type- and genus-specific antibody. The
method also allows detection and identification of antigen structures induced by the virus
and its localization in infected cells, serotype viral strains [209], and determines antigenic
variants in isolated strains [210].
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This technique was used to label TGEV particles in feces and small intestine fragments of
infected pigs [108], type A rotavirus and coronavirus in samples from diarrheic calves and
winter dysenteric cattle [143], the simultaneous presence of coronavirus and rotavirus in feces
of calves with diarrhea [211] and BVDYV in feces of cattle with diarrhea [184].

1.4.4. Immunolabeling in ultrathin section technique

Immunolabeling in ultrathin sections are powerful tools for detecting and localizing proteins
in cell and tissues and to detect virus or viral antigen on the surface of or within ultrathin
sections of the cells [195, 212, 213]. The two most widely used techniques are pre-embedding
and post-embedding techniques. The pre-embedding method primarily detects determinants
exposed at the surface of infected cells such as virus receptors or envelope glycoproteins of
budding viruses that are freely accessible to antibodies and reagents. The post-embedding
labeling of thin sections allows access to determinants present in the different compartments
of the cell and to internal viral structures since they become exposed at the surface of the
section [214]. Antibodies coupled to electron-dense markers such as colloidal gold can reveal
the localization and distribution of specific antigens in various tissues. The colloidal gold has
been the most widely used marker [215].

Immunolabeling in ultrathin sections has been widely applied to elucidate ultrastructural
pathological aspects of gastroenteric viruses. Payne et al. [216] studied bovine corona-
virus antigen in the host cell plasmalemma in cells traced with colloidal gold particles.
Risco et al. [115] investigated the presence of two types of virus-related particles that
are found during transmissible gastroenteritis virus (TGEV) morphogenesis, whereas
Salanueva et al. [217] reported aspects of the structural maturation of the transmissible
gastroenteritis coronavirus (TGEV). This technique has also been applied to check the
exploitation of microtubule cytoskeleton and dynein during canine parvoviral traffic
toward the nucleus [215].

1.4.5. Resin embedding technique

The resin embedding technique followed by ultrafine sections is especially important to
reveal fine details of the ultrastructure of all types of cells and tissues [218], and in an infec-
tious process, it allows observing pathogenesis of infection and the identification of the agent
[205]. The thin sectioning has the advantage of allowing the observation of virus cell interac-
tion, which reveals the site of virus replication and maturation in the host cells, a pertinent
information in the identification of unknown viruses [219].

The ultrastructural set of details not only determines the infection, but also the course of the
disease in the creations [220].

Resin embedding technique allowed to study several ultrastructural aspects of the intracellu-
lar behavior of the TGEV in intestinal fragments of infected pigs [108] and of the parvovirus in
intestinal fragments of newborn dogs with diarrhea [220].This technique also allows studying
the efficiency of the vaccines based on in situ produced, noninfectious rotavirus-like particles
(RVLPs) [221].

95



96

Stomach Disorders

2. Conclusion

The different transmission electron microscopy modalities promote a fast and accurate diag-
nosis of the different gastroenteric viral agents, allowing prophylactic measures of control
and prevention in the creations to be promptly instituted, avoiding animal losses and disas-
trous economic losses, and collaborating with the National Porcine and Bovine Agribusiness.
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