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The opportunity to visualize biological phenomena in living organism has fascinated and improved the 
research field for decades. The most common way to perform these experiments consist in anesthetize 
small animals (such as mice and rats) and expose the tissue of interest to a light or laser source and 
acquire the images using a microscope. This method is denominated “intravital microscopy” and there 
are several studies which have wisely used this technique and improved our knowledge in several 
fields of life sciences. Here, we review the basic concepts necessary to perform intravital microscopy 
studies, describing briefly several procedures in different organs. 
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INTRODUCTION 
 
In the last few decades, the field of cell biology has 
experienced extraordinary breakthrough discoveries that 
significantly contributed to the understanding of several 
processes within the cell. In part, this may be explained 
by the technology-driven development of new techniques, 
especially those regarding genomics and proteomics. On 
one hand, there are several studies dissecting gene and 
protein expression in single cells or at particular 
processes and diseases; on the other, how these 
complex pathways, tissues and systems function in the 
living body is still poorly understood. In this regard, a 
major limitation to widen the knowledge of biological 
processes consists in the technical approach to perform 
in vivo studies. 

To overcome this limitation, several techniques and 
analytical tools have been developed to image and  study  
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cellular and biological events in living animals (Weigert et 
al., 2010). Among these techniques, an outstanding tool 
is imaging biological phenomena in living organisms by 
using the intravital microscopy (IVM). The first report of 
the use of this technique date to the nineteenth century, 
and has led to the understanding of numerous biological 
processes (Wagner, 1839; Sumen et al., 2004). However, 
with the improvement of fluorescent cell markers, and the 
confocal and multi-photon microscopies (Phan and 
Bullen, 2010; Ishii and Ishii, 2011), the intravital 
technique has been taken to an extraordinary level, 
including non-invasive, non-labeling requiring techniques, 
such as orthogonal polarization spectral imaging - OPS 
(Buchele et al., 2007). For example, search for “in vivo 
imaging” or “intravital microscopy” in Pubmed database 
returns more than 3.000 papers since 60’s.   

Although intravital microscopy can be performed in 
virtually all types of tissues within an organism, most 
studies are focused in unraveling immunological 
questions. In addition, intravital microscopy can  be  used  
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to visualize host-pathogen interaction by using 
fluorescent or bioluminescent labeled microorganisms, 
including bacteria (Lee et al., 2010; Wong et al., 2011), 
viruses (Doceul et al., 2010) and protozoa (Peters et al., 
2008). The aim of this review is to present the 
methodological approaches related to intravital 
microscopy in different organs and to present what has 
been done in these several systems of the organism. In 
this sense, microbiologists may apply labeled organisms 
and the procedures described here to perform intravital 
microscopy studies, expanding the knowledge in specific 
research areas. 
 
 
GENERAL EXPERIMENTAL PROCEDURES 
 
The majority of intravital microscopy studies are done using mouse 
models, although almost all IVM approaches cited below can also 
be performed in rats. This may be explained by the relative 
abundance of mice in research institutions throughout the world; the 
availability of genetically modified mice, which include a variety of 
knockout and fluorescent protein-expressing animals; and their 
small size, allowing mice to be used in standard microscopes and 
laboratory facilities. 

To perform in vivo imaging of biological events, it is necessary to 
gain access to the tissue of interest. In most cases this means to 
expose surgically the organ to allow access of the microscope 
objectives. Before starting the experiments, one must have in mind 
that the procedures have to be set to provide the conditions for the 
animals to tolerate surgery, avoiding excessive physiological 
disturbances that could interfere with the results. 

In this regard, animals are usually anesthetized by injection of a 
mixture of ketamine (80 – 200 mg/kg) and xylazin (10 – 40 mg/kg). 
Although other anesthetics may be used, such as urethane (2 g/kg) 
or halothane (3 – 5% v/v), the ketamine/xylazin mixture generates 
very steady hemodynamic parameters (Cara and Kubes, 2004). In 
cases of long anesthesia periods (several hours), additional 
procedures can be used to monitor and maintain the basic 
physiological parameters of the animals, such as jugular 
cannulation for intravenous drug administration (Nacul et al., 2010), 
rectal temperature monitoring by using an electrothermometer 
(Soriano-Izquierdo et al., 2004) and artificial ventilation of the lungs 
by trachea intubation, aiming to maintain a patent airway 
throughout the experiment (Sintara et al., 2010). In addition, the 
arterial blood pressure and heart rate can be continuously 
monitored through a catheter placed in the carotid artery (Geerts et 
al., 2006; Henriksnas et al., 2009). Several procedures can be 
performed during the surgery, depending on the aim of the study. 
For instance, a polyethylene catheter can be also inserted in the 
femoral (Katayama et al., 2003) or tail (Soriano-Izquierdo et al., 
2004) veins to permit injection of substances such as antibodies, 
anesthetics, fluorescent dyes or drugs. 

The definition of the type of imaging that is going to be performed 
is a major point. Some IVM models using transparent tissues, such 
as the cremaster muscle, mesentery and liver edge, can be directly 
observed by conventional light microscopy (Menezes et al., 2008). 
However, fluorescent labeling may be necessary in solid, non-
transparent organs, such as knee joint and brain, which also allows 
specific cell type identification and localization, and evaluation of 
the vascular architecture and its alterations (for example, 
permeability increase/plasma leakage). Some very commonly used 
fluorophores are rhodamine 6G and fluorescein isothiocyanate 
(FITC), which can be injected directly into the blood stream (Cara et 
al., 2000). When these fluorophores are conjugated to vasculature-
impermeable, high-molecular  weight  molecules  such  as  albumin,  

 
 
 
 
dextran (150-500 kD) or antibodies, they can be used to delimitate 
blood vessels and to define vascular permeability increase 
phenomena (McDonald et al., 2010). Also, bacteria and cells 
expressing the green fluorescent protein (GFP) and their relatives 
(RFP, YFP, CFP, etc.) are very popular and time-saving tools (Lee 
et al., 2010). 

 
 
INTRAVITAL MICROSCOPY: A LIVING WORLD IN 
MOTION 
 
As aforementioned, a major outcome of the development 
of intravital microscopy was the possibility to study and 
understand biological processes in vivo. We will review 
some of these techniques and discuss their applications 
in several areas of the biomedical science. 

 
 
Cremaster and striated muscles 

 
The striated muscle is a contractile tissue of animals 
primarily responsible for their ability of locomotion. The 
striated muscle tissue has a remarkable malleability and 
can adjust its metabolism and contraction in response to 
alterations in functional demands. A very important 
member of this class is the cremaster, a thin layer of 
striated muscle derived from the internal oblique and 
transverse abdominal muscles, formed as the result of 
testes descent through the inguinal canal (Grant, 1966). 
The cremaster is involved in the support and temperature 
maintenance of testicles. The thinness and high 
transparency of this muscle, which allows direct 
microcirculation observation under conventional 
microscopes (Menezes et al., 2008) can explain its 
extensive use in intravital microscopy studies (Figures 1 
and 2, supplementary video 1– Intravital microscopy of 
cremaster muscle using an epifluoresence microscope. 
Note rolling and adhered leukocytes on the vessel wall).  

The open cremaster muscle preparation can be 
executed in rat and hamsters, as it allows a more 
magnified and complete examination of the tissue 
vasculature. In addition, it has been used to dissect 
cellular pathways involved in regulation of microvascular 
function

 
and real-time imaging of intercellular signaling. In 

this preparation, the animal is placed in supine position, 
onto the viewing plexiglas stage. An incision is made in 
the skin and fascia above the final portion of the scrotum. 
The underlying connective tissue fascia is carefully 
separated from the cremaster sack while it is gently 
pulled off the scrotum using a delicate forceps. The 
preparation needs to be moistened with PBS at 37ºC 
regularly during the whole procedure to keep it warm and 
moist. The final portion of the cremaster is then attached 
with a nylon thread to hold down and slightly extend the 
end of the sack. An incision is made below the center of 
the cremaster muscle using a thermal cautery, opening 
the sack. The edges of the tissue are attached with 
threads to hold the cremaster opened onto the stage. The  
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Figure 1. Representative chart showing the basic procedures to perform 
intravital microscopy studies in cremaster, mesentery and liver tissues. 
The right column shows representative snapshots from videos obtained 
by the procedures described in the left column. Cremaster images were 
captured by using a white light source coupled to a conventional 
microscope,  while mesentery and liver images were captured by a 
fluorescence microscopy setup, and leukocytes were labelled by 
rhodamine 6G. 

 
 
 
epididymis is clamped and lifted and the connecting 
tissue is cut using the thermal cautery. Finally, the 
epididymis is pushed into the abdominal cavity. The 
preparation is, at this point, ready for evaluation under 
light microscopy. As the muscle stays stable on stage, it 
is possible to perform long-term observations without 
disruption (Gavins and Chatterjee, 2004). 
 
 
GASTROINTESTINAL TRACT 
 
The gastrointestinal tract generally refers to the stomach, 
intestines and mesentery. Intravital microscopy has been 
used to explore the interference in the permeability of 
gastrointestinal tract microvessels and the different steps 
involved in the process of leukocyte extravasations in 
face of new drugs, infectious and harmful agents, 
physiological and pathological processes (Cserni et al., 
2011). Intravital microscopy has been widely used in 
various studies and experimental models of cirrhosis and 
portal hypertension (Geerts et al., 2006) and allows the 
analysis of the  effect  of  administering  anti-inflammatory 

drugs (Tailor et al., 1999), mucosal-damaging agents 
(Yoshida et al., 1995; Saeki et al., 2004), new treatments 
to prevent gastropathies (Suzuki et al., 2001; Henriksnas 
et al., 2005; Mota et al., 2007), gastroduodenal disease 
(Polenghi et al., 2007), among other factors.  

To perform in vivo microscopic observations of the 
intestinal wall and mesentery microvessels, a small 
surgery is necessary (Dong et al., 2009; Harris et al., 
2009; Hyun et al., 2010; Katada et al., 2010; Konerding et 
al., 2010; Byrne et al., 2011; Castor et al., 2011). For this 
purpose, after a midline incision, the intestinal loop of 
interest is gently exposed and mounted on a plastic stage 
(Figure 1) for microscopic examination (Katayama et al., 
2004; Harris et al., 2009; Katada et al., 2010). On the 
other hand, whether the interest relies on the observation 
of the gastric mucosa, a laparotomy is performed through 
a midline incision in the abdomen utilizing a microcautery 
and the stomach is gently extended and placed on a 
designed board (Suzuki et al., 2001; Saeki et al., 2004; 
Sintara et al., 2010). The greater curvature of the 
stomach is incised longitudinally leaving the greater 
omentum attached to the posterior wall while the  anterior  
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wall is resected (Saeki et al., 2004). The incision in the 
anterior wall is opened using microclamps and covered 
with Saran wrap to allow visualization of the posterior 
mucosal surface (Kalia et al., 1997; Saeki et al., 2004). 
 
 
LIVER 
 
The liver is considered a metabolic, glandular and 
lymphoid organ, comprising functions such as 
metabolism, detoxification of exogenous and endogenous 
substances, bile secretion, and clearance of bacterial 
products from the blood (Thomson and Knolle, 2010). 
Weighting 1.5 kg in an adult, the liver is the second 
largest organ in the body and is located in the abdomen, 
where it receives a unique blood supply consisting of 
80% venous blood from the portal vein and 20% 
oxygenated blood from the hepatic artery. This nutrient-
rich and low oxygen tension mixture flows at low 
perfusion pressure through an enormous network of thin-
walled hepatic microvessels called sinusoids. They are 
covered by fenestrated liver sinusoidal endothelial cells, 
which separate hepatocytes from the bloodstream and 
form a compartment named space of Dissé. The liver is 
divided microscopically in structures named lobules, 
which contain the hepatocyte, the major cellular and 
metabolic unit of the liver. The hepatocytes lie in threads 
inside the lobule, between the sinusoids and the non-
parenchymal populations, namely the Kupffer, Ito, NK 
and NKT cells. 

Intravital microscopy has revealed many unique 
features of the diseased liver in the past decades, and 
still offers countless applications. This in vivo technique 
has been used in a variety of animal models, ranging 
from bacterial infection (Lee et al., 2010), hepatocellular 
cancer (Takeichi et al., 2010), drug-induced liver injury 
(Ito et al., 2003), ischemia-reperfusion injury (Teoh et al., 
2007), ageing (Ito et al., 2007), sepsis (Huynh et al., 
2010), TNF-α-induced hepatic microcirculatory 
dysfunction (Katagiri et al., 2008), spinal cord injury-
induced collateral liver damage (Hundt et al., 2011) and 
focal necrotic injury (McDonald et al., 2010). In this way, 
understanding the microscopic alterations that occur in 
the diseased liver through the intravital microscopy 
technique offers valuable mechanistic insights and novel 
therapeutic possibilities to many pathological conditions. 

The liver has some characteristics that favor its use in 
intravital microscopy. Its abundant vascularization 
provides a very rich field for observation. Also, it can be 
imaged through epi-illumination and trans-illumination, 
that is, with or without the use of fluorescent probes, 
which are necessary in intravital microscopy of the brain 
and bone marrow, for example. In addition, several 
parameters besides leukocyte movement and sinusoidal 
perfusion can be assessed, such as presence of 
extrasinusoidal red blood cells (Ito et al., 2003), 
hepatocyte  or  sinusoidal   endothelial   cell   morphology  

 
 
 
 
alterations (Ito et al., 2007) and phagocytosis of 
fluorescent microorganisms and particles (Lee et al., 
2010). 

The experimental setup is usually very similar 
throughout the literature, allowing the use of upright or 
inverted microscopes. The objectives used vary 
depending on the degree of resolution required (4x, 10x, 
20x and 80x water immersion). Basically, mice or rats are 
anesthetized and, if necessary, cannulated for 
administration of drugs or additional anesthesia. The 
animal is then submitted to a midline laparotomy or 
subcostal incision to allow liver exteriorization (Figure 1, 
supplementary video 2 – Liver intravital microscopy using 
a fluorescence microscope. Leukocytes were stained by 
rhodamine 6G. Note rolling and adhered leukocytes on 
the vessel wall and the blood flow into liver sinusoids). 
Skin or abdominal muscle may be removed using a 
cautery to reduce bleeding. Following, the hepatic 
ligaments are dissected, the animal is placed in right 
lateral position and the organ exteriorized laterally, 
aligned to the microscope objective for imaging. The liver 
must be moistened with physiological solution or wrapped 
in plastic to avoid dehydration at all times. Both upright 
and inverted microscopes may need stages designed to 
adapt the animal’s position or collect leaking fluid from 
the procedure. Once the liver is correctly placed, the 
images can be acquired and recorded for a time ranging 
from ten minutes to four hours, and analyzed a posteriori 
through specific software for the chosen parameters. 
 
 
ADIPOSE TISSUE 
 
The adipose tissue plays a central role in energy and 
endocrine homeostasis, as well as in immunity. It has 
been associated not only with lipid storage and 
metabolism, but also with the production of the hormones 
leptin, adiponectin, resistin and estradiol. Besides its well-
established participation in diseases such obesity and 
diabetes, the mechanisms behind the adipose tissue role 
in these conditions have remained incompletely defined. 
This tissue produces a wide variety of pro-inflammatory 
cytokines and chemokines, including Interleukin-6 (IL-6) 
and monocyte chemoattractant protein-1 (MCP-1) 
(Ferrante, 2007). These locally produced cytokines 
recruit immune cells such as lymphocytes and monocytes 
toward the adipose tissue, which is important to start and 
sustain a systemic inflammation. The recruitment of 
leukocytes to the white adipose tissue (WAT) is an 
essential event in the development of chronic metabolic 
diseases such as obesity and insulin resistance (Gregor 
and Hotamisligil, 2011). This is also seen during 
inflammation that happens at the WAT in an experimental 
model of food allergy (Dourado et al., 2011) and acute 
weight loss where the recruited leukocytes to WAT 
regulate lipolysis (Kosteli et al., 2010).  Therefore, it is 
very   important   to    study    fundamental    features    of  
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Figure 2. Representative chart showing the basic procedures to perform 
intravital microscopy studies in knee joint, striated muscle and epididimal 
adipose tissue. The right column shows representative snapshots from 
videos obtained by the procedures described in the left column. Knee 
joint and adipose tissue images were made using a fluorescence 
microscopy setup, and leukocytes were labelled by rhodamine 6G. 
Striated muscle images were made by a confocal microscopy setup (in 
green: eGFP expressing neutrophils and in red : PE-labelled endothelial 
cells (anti-CD31). 

 

 
 
 
inflammation, such as leukocyte-endothelial cell 
interactions, in order to assist the development of 
pharmacological therapies for chronic metabolic diseases 
such as obesity (Nishimura et al., 2008). 

Intravital microscopy can be performed in the 
epididymal or periuterine adipose tissue microcirculation 
(Myrhage et al., 1973) (Figure 2). For this procedure, 
mice are anesthetized and an unspecific cell marker as 
rhodamine 6G is injected intravenously to visualize the 
leukocyte–endothelial cell interactions (rolling and 
adhesion). A cautery incision is made along the 

abdominal region and the abdominal fat pad is 
exteriorized by gently teasing it out of the abdominal 
cavity, then placing it on a viewing pedestal. The 
preparation is mounted in a fluorescence microscope and 
the exposed tissue should be kept warm and wet. 2–4 
regions of interest (unbranched venules with 20–40 μm in 
diameter) in each mouse are selected by using a ×20 
objective. A less invasive way to make it is through small 
dermal windows where is possible to observe the fat 
pads without being exteriorized and the visualization of 
the microcirculation is made with an inverted  microscopy  
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(Nishimura et al., 2008). 
 
 
The respiratory system 
 

The respiratory system is constituted by the lungs and a 
sequence of airways that conduct oxygen and carbon 
dioxide. A remarkable characteristic of this system is the 
presence of a great amount of lymphocytes associated to 
its mucosa. 

Despite the extensive research on inflammatory lung 
diseases such as asthma and chronic obstructive 
pulmonary diseases, it has been difficult to directly 
visualize and analyze leukocyte recruitment into the 
airways in vivo (St Croix et al., 2006). Thus, the use of 
intravital microscopy to study the physiology of the 
respiratory tract has being increasing in the last years. To 
illustrate this scenario, the technique was recently used 
to analyze the pulmonary microvascular response to 
hypoxia or hypoxic pulmonary vasoconstriction (HPV) 
(Tabuchi et al., 2008), airway inflammation (Cortez-
Retamozo et al., 2008, 2010), acute lung injury (ALI) and 
acute respiratory distress syndrome (ARDS) (Chagnon et 
al., 2010).  

The use of intravital microscopy to study 
patophysiological conditions of the respiratory system, 
especially the lungs, was restricted basically due to 
technical problems. When compared to other imaging 
techniques, a major limitation of intravital microscopy of 
the lungs was that the analysis could only be performed 
at a small observation area, making it unachievable to 
analyze areas located deep inside the organ. The  
alveolar-capillary region accessible to IVM consists of 
alveoli and associated juxta-alveolar arteriolar, septal, 
and venular microvessels. However, new methodological 
approaches overcame these restrictions. On this sense, 
two models have been proposed for chronic studies of 
inflammatory processes in the lung (Kuebler et al., 2007). 
First, it was developed a miniaturized laser scanning 
microscope that operates in the visible and near-infrared 
ranges at up to four wavelengths (three of which can be 
acquired simultaneously at any time). The optics of the 
system relies 1.3 mm-diameter “stick optics” that can be 
inserted into the animal through a tiny keyhole incision. 
Furthermore, the biopsy needle–sized objectives have a 
distal flush mechanism that allows their insertion deep 
(1–2 cm) into tumors or organs as the lung. Another 
different approach would be through a microscopic 
access to the surface of the right upper lung lobe in 
anesthetized and ventilated mice by a surgical excision of 
a 7 to 10 mm diameter window from the right thoracic 
wall. The window is covered by a transparent 
polyvinylidene membrane and sealed with α-
cyanoacrylate. Then, the intrathoracic air removal 
through a transdiaphragmal intrapleural catheter allows 
the coupling of the lung surface to the window membrane 
(Tabuchi et al., 2008).  

The   aforementioned   approaches   can   be   powerful  

 
 
 
 
tools for the understanding of biological processes in the 
respiratory system under normal and pathological 
conditions. 
 
 

Central nervous system 
 

The central nervous system (CNS), which is constituted 
by the encephalon and medulla, is a site of selective and 
modified immune reactivity, in which leukocyte entry is 
restricted, in part, due to the blood-brain barrier 
(Ransohoff et al., 2003). Under physiological conditions, 
leukocyte traffic into the CNS is low, however leukocyte 
recruitment represents a critical step in the inflammatory 
pathologies, like cerebrovascular diseases, infections 
(Vilela et al., 2008), autoimmune diseases, traumas, and 
degenerative processes (Steffen et al., 1994; Soares et 
al., 1995; Buckwalter et al., 2006). Intravital microscopy 
studies have had remarkable importance in the study of 
cell trafficking into the CNS (Ransohoff et al., 2003). This 
technique allows the access to the mouse pial 
microcirculation during acute and chronic physiological 
and pathophysiological conditions (Cabrales and 
Carvalho, 2010). Although the visualization is restricted to 
the pia mater microvessels, histological analysis revealed 
that leukocyte recruitment of pial microvasculature was 
similar to that found in all parts of the brain (Liu and 
Kubes, 2003). 

In addition to the extensive use of intravital microscopy 
for analysis of leukocyte-endothelial interactions in brain, 
this technique has been used to analyze cerebrovascular  
parameters like: angiogenesis, microvessels density, 
microvessel diameter, red cell velocity, blood flow, 
assessment of cerebral perfusion and vascular leakage 
by fluorescence-labeled markers such as Albumin-FITC 
(Niimi et al., 2000; Nageswari et al., 2002; Cabrales and 
Carvalho; 2010, Herz et al., 2011; Zanini et al., 2011).  

To perform intravital studies in the CNS, a craniotomy 
is performed in anesthetized mice with a high-speed drill 
in the right parietal bone, and the tissues are 
continuously perfused with artificial cerebrospinal fluid. 
Then, animals are placed in prone position on a 
stereotaxic frame and the head is carefully secured using 
ear bars. A similar surgical procedure is used to study the 
spinal cord. If this is the case, after a midline skin incision 
of 3–4 cm, the paravertebral musculature is detached 
from the cervical spinous processes and retracted 
laterally, exposing the vertebral laminae. A laminectomy 
is performed, and the dura matter is opened over the 
dorsal spinal cord avoiding trauma to the parenchyma 
and the spinal microvasculature. 

A major advantage of using intravital microscopy to 
study the spinal cord is that vessels in the central white 
matter are visualized directly, owing to the topography of 
the spinal cord (Ransohoff et al., 2003). 
 
 

Reproductive system 
 

In  general,  basic  research  in  the  reproductive  field  is  



 
 
 
 
limited by the lack of available techniques to conciliate 
the observation of the behavior and the crosstalk 
between different cell types at a cellular level with the 
maintenance of their native microenvironment (that is, 
hormonal availability, proper blood perfusion, growth 
factors, cell-cell and cell-extracellular matrix interactions, 
among others). The recent development of the intravital 
microscopy technique with the consequent emergence of 
time-lapse imaging of individualized cells in in vivo 
conditions allowed the investigation of dynamic 
processes involving different cell types in the biology of 
reproduction field. 

The gametogenesis, which is the process that 
culminates in the formation of spermatozoa within the 
testes or in the oocytes within the ovaries, occurs in 
several sequential steps that are tightly regulated. The 
spermatogenesis within the testis is based on a stem cell 
system and, therefore, depends on the balance between 
stem cell self-renewal and differentiation to support 
sperm production throughout the male reproductive life. 
The behavior of the spermatogonial undifferentiated cells 
and their fate to self-renewal or commitment to 
differentiation can be addressed by intravital microscopy, 
which allows the observation of these cells in vivo for a 
prolonged period of time. In this sense, with this 
methodological approach, it is possible to demonstrate 
the existence of a functional niche for the undifferentiated 
spermatogonia within the seminiferous tubules 
epithelium, as well as its spatial relationship with other 
testicular components, such as the vascular network and 
the different stages of the seminiferous epithelium cycle 
(Yoshida et al., 2007). Although the niche hypothesis was 
already proposed and studied in the literature (Chiarini-
Garcia et al., 2001; Chiarini-Garcia et al., 2003), the 
detailed information of its structural basis was only 
possible by using time-lapse imaging. Later on, a similar 
methodology was used to show that the population of the 
putative stem cells within the seminiferous tubules is not 
homogeneous and that their differentiation is not linear 
and strictly irreversible, as the cellular bridges between 
aligned Type A spermatogonia (Aal) are disrupted to form 
smaller groups of cells with distinct gene expression 
profile (Nakagawa et al., 2010). The observation of such 
dynamic pathway would be extremely limited by using 
standard immunohistochemical and histological 
methodology. On the other hand, intravital microscopy 
can also be used to address, in vivo, the entire ovulatory 
process, making possible the comparison of the available 
biochemical and physiological data with the sequential 
morphological events that reflect follicle maturation and 
oocyte release (Dahm-Kahler et al., 2006; Petersen et al., 
2008).  

Moreover, several other reproductive processes can be 
addressed by using intravital microscopy. The study of  
the capacitation of spermatozoa that takes place within 
the female reproductive system by using this technique 
allowed  the  quantitative  analysis  of   the   trajectory   of  
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individualized spermatozoa as well as alterations in the 
motility pattern of these cells during their transit in the 
oviduct (Druart et al., 2009). This assay was also 
important for the comparison between different protocols 
of sperm storage and evidenced that most of the 
techniques routinely used to estimate the quality of stored 
spermatozoa destined to assisted reproduction are not 
completely satisfactory, as they are based in in vitro 
assays and do not consider the interactions of the male 
gametes with the female reproductive tract (Druart et al., 
2009). In addition, the possibility to visualize the intact 
blood-perfused vasculature of reproductive organs raised 
the perspective of understanding the placental exchange 
of substances between maternal circulation and the fetus 
at a much higher level of topographical and functional 
precision and detail (Solder et al., 2009; Burke et al., 
2010). 

Intravital microscopy is a useful tool not only to study 
physiological mechanisms. In fact, it is a powerful 
approach to investigate alterations of the reproductive 
organs under pathological conditions as well as the 
development of new therapies. In line with this 
interpretation is, for example, the assessment of 
testicular alterations (Nagler et al., 1987; Bajory et al., 
2011; Turner, 2011) regulation of blood pressure in 
pregnancy (Burke et al., 2010) and the investigation of 
prostate cancer development/progression and new 
therapies (Frost et al., 2005; Abedinpour et al., 2011). 

Usually, the intravital microscopy methodology requires 
a small surgery to expose the organ to allow the 
assessment of the microscope objectives to the tissue. 
However, this procedure may be limited by the size of the 
animals, being used in small species such as mice and 
rats. In order to perform intravital microscopy in large 
species or in organs that cannot be easily exposed, an 
interesting alternative is the use of fiber confocal 
fluorescence microscopy, where the microscope 
objective is replaced by a flexible fiber-optic miniprobe. 
This miniprope is introduced into the organ’s lumen and 
is capable to excite fluorochromes bound to specific 
targets (Laemmel et al., 2004; Thiberville et al., 2007; 
Druart et al., 2009). Another alternative for organs with 
difficult access is the usage of dorsal skinfold chamber, in 
which two symmetrical titanium frames are implanted in a 
dorsal skinfold and permits the growth of tissues within 
the chamber (Frost et al., 2005; Abedinpour et al., 2011) 
and to follow biological processes. Because these 
methodologies for time-lapsing imaging allows analysis in 
4 dimensions (X-Y-Z axis during a time period), another 
important requirement is the development of new 
analytical methods that reliably describe the data 
obtained. 

The current knowledge of physiological and 
pathological processes both in male and female 
reproductive systems was significantly impacted by the 
development of intravital microscopy. In the future, this 
technique can be used to  provide  functional  information  
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about several other processes involved in fertility, such 
as sperm maturation within the male excurrent ducts and 
the participation of secretions from the accessory glands 
in reproduction, as well as the interactions between 
sperm and oocyte during fertilization. In addition, intravital 
microscopy can be an interesting tool to investigate the 
morphological and functional effects of hormones, drugs 
and environmental toxicants in reproductive organs. 
 
 

Hemostatic system 
 
The hemostatic system comprises platelet aggregation, 
coagulation and fibrinolysis also termed primary, 
secondary and tertiary hemostasis (Stassen et al., 2004). 
Following activation, these components lead to the 
formation of a clot or thrombus, a very well described 
physiological process that is responsible for limiting the 
blood loss from sites of injury. However, this process is 
also responsible for several diseases, such as deep vein 
thrombosis, myocardial infarction, hemophilia and stroke 
(Borissoff et al., 2011). Given the complexity of the 
hemostatic process and its consequences, the study of 
hemostasis biology in living systems by intravital 
microscopy is interesting, as it allows the visualization of 
the thrombotic obstruction as it happens (Kurz et al., 
1990). This has assisted not only the elucidation of 
hemostatic pathological mechanisms, but also reveals  
possible sites for therapeutic interventions in the 
prevention and treatment of hemostatic disorders. 

Numerous studies have described the formation of 
microvascular thrombi. To study hemostatic dysfunctions 
in the brain, for example, some of the methods most 
commonly used involve the observation of a FeCl3-
induced clot (Kurz et al., 1990) by intravital microscopy 
through a cranial window prepared over the parietal 
cortex of mice (Mostany and Portera-Cailliau, 2008).  
Using this technique, it was recently observed that beta-
amyloid plaques, well-known to be associated with 
Alzheinmer’s disease, are directly related to thrombosis 
and fibrinolysis in the brain vessels, and this relationship 
has been found to affect cognition in animal models 
(Cortes-Canteli et al., 2010). Although invasive models 
are commonly used to obtain intravital images of the 
brain’s blood flow, a noninvasive stroke model using a 
FeCl3-induced clot was recently described (Karatas et al., 
2011). Another noninvasive model of thrombus formation 
observable by intravital microscopy is the photochemical 
thrombus induction in the ear microvessels of hairless 
mice, caused by local continuous mercury light exposure 
followed by injection of fluorescein isothiocyanate–
dextran (FITC-dextran) (Roesken et al., 1997). This 
model allowed for distinct in vivo analysis of arteriolar and 
venular thrombus formation and elimination, representing  
an interesting tool for the study of novel antithrombotic 
and thrombolytic strategies. 

Moreover, a frostbite injury model was recently 
developed to  study  reperfusion  and  angiogenesis  after  

 
 
 
 
photochemical injury in the ear skin of hairless mice 
(Goertz et al., 2011). The evaluation of the thrombus 
formation process was recently reported by Koike et al. 
(2011). The authors used two-photon laser-scanning 
microscopy in the microvessels of the arterial smooth 
muscle and the intimal layer of GFP-expressing mice to 
assess the thrombolytic effect of anticoagulant drugs.  
 
 
Knee joint 

 
The synovial tissue is a thin vascular connective tissue, 
surrounding the articular capsule and the joint cavity 
(Veihelmann et al., 1998). The synovial tissue presents a 
high-density honeycomb-like capillary network, containing 
some post capillary venules and a few arterioles. This 
vascular network is similar to the one present in the 
subcutaneous fat tissue (Veihelmann et al., 1998). 
Diseases affecting joints and its structures, such as 
rheumatoid arthritis and gout, can severely affect articular 
functionality leading to pain and incapacitation (Amaral et 
al., 2011). The intravital microscopy technique can be 
performed in the joint cavity to assess the 
microcirculation of the synovial tissue in the knee joint. 
Considering the worldwide importance of rheumatoid 
arthritis and gout (Coelho et al., 2008), the elucidation of 
the inflammatory mechanisms behind articular injury, by 
using intravital microscopy, are of major importance in 
the development of new and more effective treatments. 

To start the intravital assay in mouse synovial tissue, 
the hind limb is immobilized with the knee slightly flexed 
(Figure 2). After an incision distal to the patellar tendon, a 
partial skin resection is carried out and the patellar 
tendon is mobilized and partly resected. Then the 
intraarticular synovial tissue of the knee joint is 
visualized. After superfusion with sterile saline, a cover 
glass is placed on the knee capsule and the intravital 
microscope is directed onto the synovium (Gregory et al., 
2004; Zysk et al., 2004; Pinho et al., 2011).  

Interestingly, the first evidence that platelets 
accumulate in arthritic vessels, indicating platelet 
activation due to antigen induced arthritis, was provided 
by intravital microscopy (Schmitt-Sody et al., 2005). 
Furthermore, this technique has already been useful to 
elucidate several inflammatory responses in arthritis 
models, such as the involvement of the CXC chemokine 
receptors in neutrophil recruitment and platelet P-selectin 
mediating leukocyte-endothelial interactions (Veihelmann 
et al., 2001; Schmitt-Sody et al., 2007; Coelho et al., 
2008). 
 
 

Tumors 

 
Tumor development at the primary site is cause of the 
onset and progression of neoplastic disease, whereas the 
metastatic colonization of secondary tissues is clearly the 
most lethal aspect of clinical disease as  it  is  responsible  
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for more than 90% of cancer-associated deaths (Weiss, 
1990; Hanahan and Weinberg, 2000; Mehlen and 
Puisieux, 2006). Metastasis is a multi-step process that 
includes the detachment of malignant cells from the 
primary tumor, their entry into the blood circulation, 
interaction with platelets and leukocytes, adhesion to the 
endothelium and finally the growth of disseminated tumor 
cells within the blood vessel (Al-Mehdi et al., 2000) or in 
the surrounding tissue after their extravasation (Monzavi-
Karbassi et al., 2007). 

The use of multi-photon intravital microscopy enables 
the observation of angiogenesis in the primary tumor, the 
migration of tumor cells across the endothelial barrier into 
blood vessels and its interaction with the immune cells 
and extracellular matrix (Wyckoff et al., 2000, 2007). All 
the performed studies so far were done in rodents where 
minimal surgery, namely the generation of a skin flap, is 
used to expose the tumor. However, following tumor 
development over a longer period of time with repeated 
imaging sessions raises additional challenges (Lohela 
and Werb, 2010). In addition, it is observed a great effort 
on performing long term imaging of tumors in the same 
animal in order to provide valuable information about the 
angiogenesis and the invasive process of slowly 
migrating tumors (Alexander et al., 2008; Fukumura and 
Jain, 2008).  

In order to perform intravital microscopy to investigate 
tumors, an elegant approach is the usage of implanted 
imaging windows. This methodology allows access to the 
tumor without the need for repeated surgery. To illustrate 
this scenario, two successful possibilities are the dorsal 
skin chamber and the optical window installed in the 
mammary fat pad (Alexander et al., 2008; Kedrin et al., 
2008; Gligorijevic et al., 2009). These techniques have 
been combined with the use of novel fluorescent proteins 
expressed by the tumor cells that can be either 
photoactivated or photo-switched (Patterson and 
Lippincott-Schwartz, 2002; Lippincott-Schwartz and 
Patterson, 2008; Gligorijevic et al., 2009) and have 
provided novel information about the modality of 
migration of invasive cells in vivo and their relationship 
with the local microenvironment, particularly the 
vasculature and the lymphatic system (Weigert et al., 
2010). 
 
 

Conclusion 

 
Imaging has gained a crescent significance in the last 
years, and the importance of combining and confirming 
data with imaging techniques is patent. In this review, we 
aimed to describe briefly some ways of performing 
intravital microscopy of several organs and tissues, 
illustrating advantages and limitations. The increasing 
availability of fluorescent-protein expressing organisms  
(mice, insects, and parasites) and new labeling 
alternatives (such as quantum dots) will certainly facilitate 
in vivo imaging and tracking. Finally, despite of  laborious  
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efforts to perform intravital microscopy studies, imaging 
always bring the opportunity to visualize more than 
previously expected, opening windows for very relevant 
discoveries. 
 
 
ACKNOWLEDGEMENT  
 
GBM is a CNPq, Fapemig and CAPES (Brazil) scientist. 
 
 
REFERENCES 
 
Abedinpour P, Baron VT, Welsh J, Borgstrom P (2011). Regression of 

prostate tumors upon combination of hormone ablation therapy and 
celecoxib in vivo. Prostate, 71: 813-823. 

Alexander S, Koehl GE, Hirschberg M, Geissler EK, Friedl P (2008). 
Dynamic imaging of cancer growth and invasion: A modified skin-fold 
chamber model. Histochem. Cell Biol., 130: 1147-1154. 

Al-Mehdi AB, Tozawa K, Fisher AB, Shientag L, Lee A, Muschel RJ 
(2000). Intravascular origin of metastasis from the proliferation of 
endothelium-attached tumor cells: a new model for metastasis. Nat. 
Med., 6: 100-102. 

Amaral FA, Costa VV, Tavares LD, Sachs D, Coelho FM, Fagundes CT, 
Soriani FM, Silveira TN, Cunha LD, Zamboni DS, Quesniaux V, 
Peres RS, Cunha TM, Cunha FQ, Ryffel B, Souza DG, Teixeira MM 
(2011). NLRP3 inflammasome-mediated neutrophil recruitment and 
hypernociception depends on leukotriene B4 in a murine model of 
gout. Arthritis Rheum.,  64: 474-484. 

Bajory Z, Szabo A, Deak G, Varga R, Pajor L (2011). Orthogonal 
Polarization Spectral Imaging: A Novel Tool for Examination of 
Microcirculatory Changes in the Testis. J Androl., doi: 
10.2164/jandrol.111.013599. 

Borissoff JI, Spronk HM, ten Cate H (2011). The hemostatic system as 
a modulator of atherosclerosis. N. Engl. J. Med., 364: 1746-1760. 

Buchele G, De Backer D, Vincent JL (2007). The microcirculation in 
    critically-ill patients. Acta. Clin. Belg., 62: 15-20. 
Buckwalter MS, Coleman BS, Buttini M, Barbour R, Schenk D, Games 

D, Seubert P, Wyss-Coray T (2006). Increased T cell recruitment to 
the CNS after amyloid beta 1-42 immunization in Alzheimer's mice 
overproducing transforming growth factor-beta 1. J. Neurosci., 26: 
11437-11441. 

Burke SD, Barrette VF, Gravel J, Carter AL, Hatta K, Zhang J, Chen Z, 
Leno-Duran E, Bianco J, Leonard S, Murrant C, Adams MA, Croy BA 
(2010). Uterine NK cells, spiral artery modification and the regulation 
of blood pressure during mouse pregnancy. Am. J. Reprod. 
Immunol., 63: 472-481. 

Byrne J, McGuinness J, Chen G, Hill AD, Redmond MJ (2011). 
Intravenous omega-3, a technique to prevent an excessive innate 
immune response to cardiac surgery in a rodent gut ischemia model. 
J.Thorac. Cardiovasc. Surg., 141: 803-807. 

Cabrales P, Carvalho LJ (2010). Intravital microscopy of the mouse 
brain microcirculation using a closed cranial window. J. Vis. Exp., 45: 
e2184. 

Cara DC, Kubes P (2004). Intravital microscopy as a tool for studying 
recruitment and chemotaxis. Methods Mol. Biol., 239: 123-132. 

Cara DC, Negrao-Correa D, Teixeira MM (2000). Mechanisms 
underlying eosinophil trafficking and their relevance in vivo. Histol. 
Histopathol. 15: 899-920. 

Castor MG, Rezende BM, Bernardes PT, Vieira AT, Vieira EL, Arantes 
RM, Souza DG, Silva TA, Teixeira MM, Pinho V (2011). PI3Kgamma 
controls leukocyte recruitment, tissue injury, and lethality in a model 
of graft-versus-host disease in mice. J. Leukoc. Biol., 89: 955-964. 

Chagnon F, Fournier C, Charette PG, Moleski L, Payet MD, Dobbs LG, 
Lesur O (2010). In vivo intravital endoscopic confocal fluorescence  

    microscopy of normal and acutely injured rat lungs. Lab. Invest., 90: 
824-834. 

Chiarini-Garcia H, Hornick JR, Griswold MD, Russell LD (2001). 
Distribution of type A spermatogonia in the mouse is not random. Biol 



1612          Afr. J. Microbiol. Res. 
 
 
 

Reprod 65: 1179-1185. 
Chiarini-Garcia H, Raymer AM, Russell LD (2003). Non-random 

distribution of spermatogonia in rats: evidence of niches in the 
    seminiferous tubules. Reproduction, 126: 669-680. 
Coelho FM, Pinho V, Amaral FA, Sachs D, Costa VV, Rodrigues DH, 

Vieira AT, Silva TA, Souza DG, Bertini R, Teixeira AL, Teixeira MM 
(2008). The chemokine receptors CXCR1/CXCR2 modulate antigen-
induced arthritis by regulating adhesion of neutrophils to the synovial 
microvasculature. Arthritis Rheum., 58: 2329-2337. 

Cortes-Canteli M, Paul J, Norris EH, Bronstein R, Ahn HJ, 
Zamolodchikov D, Bhuvanendran S, Fenz KM, Strickland S (2010). 
Fibrinogen and beta-amyloid association alters thrombosis and 
fibrinolysis: a possible contributing factor to Alzheimer's disease. 
Neuron, 66: 695-709. 

Cortez-Retamozo V, Swirski FK, Waterman P, Yuan H, Figueiredo JL, 
Newton AP, Upadhyay R, Vinegoni C, Kohler R, Blois J, Smith A, 
Nahrendorf M, Josephson L, Weissleder R, Pittet MJ (2008). Real-
time assessment of inflammation and treatment response in a mouse 
model of allergic airway inflammation. J. Clin. Invest., 118: 4058-
4066. 

Cserni T, Takayasu H, Muzsnay Z, Varga G, Murphy F, Folaranmi SE, 
Rakoczy G (2011). New idea of intestinal lengthening and tailoring. 
Pediatr. Surg. Int., 27: 1009-1013. 

Dahm-Kahler P, Lofman C, Fujii R, Axelsson M, Janson PO, 
Brannstrom M (2006). An intravital microscopy method permitting 
continuous long-term observations of ovulation in vivo in the rabbit. 
Hum. Reprod., 21: 624-631. 

Doceul V, Hollinshead M, van der Linden L, Smith GL (2010). Repulsion 
of superinfecting virions: a mechanism for rapid virus spread. 
Science, 327: 873-876. 

Dong GH, Wang CT, Li Y, Xu B, Qian JJ, Wu HW, Jing H (2009). 
Cardiopulmonary bypass induced microcirculatory injury of the small 
bowel in rats. World J. Gastroenterol., 15: 3166-3172. 

Dourado LP, Noviello Mde L, Alvarenga DM, Menezes Z, Perez DA, 
Batista NV, Menezes GB, Ferreira AV, de Souza Dda G, Cara DC 
(2011). Experimental food allergy leads to adipose tissue 
inflammation, systemic metabolic alterations and weight loss in mice. 
Cell Immunol., 270: 198-206. 

Druart X, Cognie J, Baril G, Clement F, Dacheux JL, Gatti JL (2009). In 
    vivo imaging of in situ motility of fresh and liquid stored ram    

spermatozoa in the ewe genital tract. Reproduction, 138: 45-53. 
Ferrante AW (2007). Obesity-induced inflammation: a metabolic 

dialogue in the language of inflammation. J. Intern. Med., 262: 408-
414. 

Frost GI, Lustgarten J, Dudouet B, Nyberg L, Hartley-Asp B, Borgstrom 
P (2005). Novel syngeneic pseudo-orthotopic prostate cancer model: 
vascular, mitotic and apoptotic responses to castration. Microvasc 
Res 69: 1-9. 

Fukumura D, Jain RK (2008). Imaging angiogenesis and the 
microenvironment. APMIS, 116: 695-715. 

Gavins FN, Chatterjee BE (2004). Intravital microscopy for the study of 
mouse microcirculation in anti-inflammatory drug research: focus on 
the mesentery and cremaster preparations. J. Pharmacol. Toxicol. 
Methods, 49: 1-14. 

Geerts AM, De Vriese AS, Vanheule E, Van Vlierberghe H, Mortier S, 
Cheung KJ, Demetter P, Lameire N, De Vos M, Colle I (2006). 
Increased angiogenesis and permeability in the mesenteric 
microvasculature of rats with cirrhosis and portal hypertension: An in 
vivo study. Liver Int., 26: 889-898. 

Gligorijevic B, Kedrin D, Segall JE, Condeelis J, van Rheenen J (2009). 
Dendra2 photoswitching through the Mammary Imaging Window. J. 
Vis. Exp., 28: e1278. 

Goertz O, Baerreiter S, Ring A, Jettkant B, Hirsch T, Daigeler A, 
Steinau HU, Langer S (2011). Determination of microcirculatory 
changes and angiogenesis in a model of frostbite injury in vivo. J. 
Surg. Res., 168: 155-161. 

Grant RT (1966). The effects of denervation on skeletal muscle blood 
vessels (rat cremaster). J. Anat., 100: 305-316. 

Gregor MF, Hotamisligil GS (2011). Inflammatory mechanisms in 
obesity. Annu. Rev. Immunol., 29: 415-445. 

Gregory JL, Leech MT, David JR, Yang YH, Dacumos A, Hickey MJ 
(2004).   Reduced   leukocyte-endothelial   cell   interactions   in    the  

 
 
 
 

inflamed microcirculation of macrophage migration inhibitory factor-
deficient mice. Arthritis Rheum., 50: 3023-3034. 

Hanahan D, Weinberg RA (2000). The hallmarks of cancer. Cell,100: 
   57-70. 
Harris NR, Whatley JR, Carter PR, Morgan GA, Grisham MB (2009). 

Altered microvascular hemodynamics during the induction and 
perpetuation of chronic gut inflammation. Am J Physiol Gastrointest 
Liver Physiol., 296: 750-754. 

Henriksnas J, Atuma C, Phillipson M, Sandler S, Engstrand L, Holm L 
(2009). Acute effects of Helicobacter pylori extracts on gastric 
mucosal blood flow in the mouse. World J. Gastroenterol., 15: 219-
225. 

Henriksnas J, Phillipson M, Petersson J, Engstrand L, Holm L (2005). 
An in vivo model for gastric physiological and pathophysiological 
studies in the mouse. Acta. Physiol. Scand., 184: 151-159. 

Herz J, Paterka M, Niesner RA, Brandt AU, Siffrin V, Leuenberger T, 
Birkenstock J, Mossakowski A, Glumm R, Zipp F, Radbruch H 
(2011). In vivo imaging of lymphocytes in the CNS reveals different 
behaviour of naive T cells in health and autoimmunity. J. 
Neuroinflamm., 8: 131. 

Hundt H, Fleming JC, Phillips JT, Lawendy A, Gurr KR, Bailey SI, 
Sanders D, Bihari R, Gray D, Parry N, Bailey CS, Badhwar A (2011). 
Assessment of hepatic inflammation after spinal cord injury using 
intravital microscopy. Injury, 42: 691-696. 

Huynh T, Nguyen N, Keller S, Moore C, Shin MC, McKillop IH (2010). 
Reducing leukocyte trafficking preserves hepatic function after 
sepsis. J. Trauma., 69: 360-367. 

Hyun E, Andrade-Gordon P, Steinhoff M, Beck PL, Vergnolle N (2010). 
Contribution of bone marrow-derived cells to the pro-inflammatory 
effects of protease-activated receptor-2 in colitis. Inflamm. Res., 59: 
699-709. 

Ishii T, Ishii M (2011). Intravital two-photon imaging: a versatile tool for 
dissecting the immune system. Ann. Rheum. Dis., 70(1): 113-115. 

Ito Y, Bethea NW, Abril ER, McCuskey RS (2003). Early hepatic 
microvascular injury in response to acetaminophen toxicity. 
Microcirculation, 10: 391-400. 

Ito Y, Sorensen KK, Bethea NW, Svistounov D, McCuskey MK, 
Smedsrod BH, McCuskey RS (2007). Age-related changes in the 
hepatic microcirculation in mice. Exp. Gerontol., 42: 789-797. 

Kalia N, Jacob S, Brown NJ, Reed MW, Morton D, Bardhan KD (1997). 
Studies on the gastric mucosal microcirculation. 2. Helicobacter pylori 
water soluble extracts induce platelet aggregation in the gastric 
mucosal microcirculation in vivo. Gut, 41: 748-752. 

Karatas H, Erdener SE, Gursoy-Ozdemir Y, Gurer G, Soylemezoglu F, 
Dunn AK, Dalkara T (2011). Thrombotic distal middle cerebral artery 
occlusion produced by topical FeCl(3) application: a novel model 
suitable for intravital microscopy and thrombolysis studies. J. Cereb. 
Blood Flow Metab., 31: 1452-1460. 

Katada K, Bihari A, Mizuguchi S, Yoshida N, Yoshikawa T, Fraser DD, 
Potter RF, Cepinskas G (2010). Carbon monoxide liberated from CO-
releasing molecule (CORM-2) attenuates ischemia/reperfusion (I/R)-
induced inflammation in the small intestine. Inflammation, 33: 92-100. 

Katagiri H, Ito Y, Ito S, Murata T, Yukihiko S, Narumiya S, Watanabe M, 
Majima M (2008). TNF-alpha induces thromboxane receptor 
signaling-dependent microcirculatory dysfunction in mouse liver. 
Shock, 30: 463-467. 

Katayama T, Kusanagi Y, Kiyomura M, Ochi H, Ito M (2003). Leukocyte 
behaviour and permeability in the rat mesenteric microcirculation 
following induction of ovulation. Hum. Reprod., 18: 1179-1184. 

Katayama T, Tanaka-Shiraishi A, Kiyomura M, Matsumoto T, Kusanagi 
Y, Ito M (2004). Effects of oxidized low-density lipoprotein on 
leukocyte-endothelial interactions in the rat mesenteric 
microcirculation during pregnancy. Am. J. Obstet. Gynecol.,191: 322-
327. 

Kedrin D, Gligorijevic B, Wyckoff J, Verkhusha VV, Condeelis J, Segall 
JE, van Rheenen J (2008). Intravital imaging of metastatic behavior 
through a mammary imaging window. Nat. Methods, 5: 1019-1021. 

Koike Y, Tanaka K, Okugawa Y, Morimoto Y, Toiyama Y, Uchida K, 
Miki C, Mizoguchi A, Kusunoki M (2011). In vivo real-time two-photon 
microscopic imaging of platelet aggregation induced by selective 
laser irradiation to the endothelium created in the beta-actin-green 
fluorescent protein transgenic mice. J. Thromb. Thrombolysis, 



 
 
 
 

32: 138-145. 
Konerding MA, Turhan A, Ravnic DJ, Lin M, Fuchs C, Secomb TW, 

Tsuda A, Mentzer SJ (2010). Inflammation-induced intussusceptive 
    angiogenesis in murine colitis. Anat. Rec., (Hoboken) 293: 849-857. 
Kosteli A, Sugaru E, Haemmerle G, Martin JF, Lei J, Zechner R, 

Ferrante AW, Jr. (2010). Weight loss and lipolysis promote a dynamic 
immune response in murine adipose tissue. J. Clin. Invest., 120: 
3466-3479. 

Kuebler WM, Parthasarathi K, Lindert J, Bhattacharya J (2007). Real-
time lung microscopy. J. Appl. Physiol., 102: 1255-1264. 

Kurz KD, Main BW, Sandusky GE (1990). Rat model of arterial 
thrombosis induced by ferric chloride. Thromb. Res., 60: 269-280. 

Laemmel E, Genet M, Le Goualher G, Perchant A, Le Gargasson JF, 
Vicaut E (2004). Fibered confocal fluorescence microscopy (Cell-
viZio) facilitates extended imaging in the field of microcirculation. A 
comparison with intravital microscopy. J. Vasc. Res., 41: 400-411. 

Lee WY, Moriarty TJ, Wong CH, Zhou H, Strieter RM, van Rooijen N, 
Chaconas G, Kubes P (2010). An intravascular immune response to 
Borrelia burgdorferi involves Kupffer cells and iNKT cells. Nat. 
Immunol., 11: 295-302. 

Lippincott-Schwartz J, Patterson GH (2008). Fluorescent proteins for 
photoactivation experiments. Methods Cell Biol., 85: 45-61. 

Liu L, Kubes P (2003). Molecular mechanisms of leukocyte recruitment: 
organ-specific mechanisms of action. Thromb. Haemost., 89: 213-
220. 

Lohela M, Werb Z (2010). Intravital imaging of stromal cell dynamics in 
tumors. Curr. Opin. Genet. Dev., 20: 72-78. 

McDonald B, Pittman K, Menezes GB, Hirota SA, Slaba I, Waterhouse 
CC, Beck PL, Muruve DA, Kubes P (2010). Intravascular danger 
signals guide neutrophils to sites of sterile inflammation. Science, 
330: 362-366. 

Mehlen P, Puisieux A (2006). Metastasis: a question of life or death. 
Nat. Rev. Cancer, 6: 449-458. 

Menezes GB, Rezende RM, Pereira-Silva PE, Klein A, Cara DC, 
Francischi JN (2008). Differential involvement of cyclooxygenase 
isoforms in neutrophil migration in vivo and in vitro. Eur. J. 
Pharmacol., 598: 118-122. 

Monzavi-Karbassi B, Stanley JS, Hennings L, Jousheghany F, Artaud 
C, Shaaf S, Kieber-Emmons T (2007). Chondroitin sulfate 

    glycosaminoglycans as major P-selectin ligands on metastatic breast 
cancer cell lines. Int. J. Cancer, 120: 1179-1191. 

Mostany R, Portera-Cailliau C (2008). A craniotomy surgery procedure 
for chronic brain imaging. J. Vis. Exp., 12: e680. 

Mota JM, Soares PM, Menezes AA, Lemos HP, Cunha FQ, Brito GA, 
Ribeiro RA, de Souza MH (2007). Amifostine (Wr-2721) prevents 
indomethacin-induced gastric damage in rats: role of non-protein 
sulfhydryl groups and leukocyte adherence. Dign. Dis. Sci., 52: 119-
125. 

Myrhage R, Eriksson E, Lisander B (1973). Intravital microscopy of the 
circulation in white adipose tissue. Bibl. Anat.,11: 399-404. 

Nacul FE, Guia IL, Lessa MA, Tibirica E (2010). The effects of 
vasoactive drugs on intestinal functional capillary density in 
endotoxemic rats: intravital video-microscopy analysis. Anesth. 
Analg., 110: 547-554. 

Nageswari K, Yamaguchi S, Yamakawa T, Niimi H (2002). Quantitative 
assessment of cerebral neocapillary network and its remodeling in 
mice using intravital fluorescence videomicroscopy. Angiogenesis, 5: 
99-105. 

Nagler HM, Lizza EF, House SD, Tomashefsky P, Lipowsky HH (1987). 
Testicular hemodynamic changes after the surgical creation of a 
varicocele in the rat. Intravital microscopic observations. J. Androl., 8: 
292-298. 

Nakagawa T, Sharma M, Nabeshima Y, Braun RE, Yoshida S (2010). 
Functional hierarchy and reversibility within the murine 
spermatogenic stem cell compartment. Science, 328: 62-67. 

Niimi H, Nageswari K, Ranade G, Yamaguchi S, Yamakawa T (2000). 
Microcirculatory characterization of cerebral angiogenesis in mice 
using intravital videomicroscopy. Clin. Hemorheol. Microcirc., 23: 
293-301. 

Nishimura S, Manabe I, Nagasaki M, Seo K, Yamashita H, Hosoya Y, 
Ohsugi M, Tobe K, Kadowaki T, Nagai R, Sugiura S (2008). In vivo 
Imaging  in  mice  reveals  local  cell  dynamics  and  inflammation  in  

Marques et al.         1613 
 
 
 

obese adipose tissue. J. Clin. Invest., 118: 710-721. 
Patterson GH, Lippincott-Schwartz J (2002). A photoactivatable GFP for 

selective photolabeling of proteins and cells. Science, 297: 1873- 
    1877. 
Peters NC, Egen JG, Secundino N, Debrabant A, Kimblin N, Kamhawi 

S, Lawyer P, Fay MP, Germain RN, Sacks D (2008). In vivo imaging 
reveals an essential role for neutrophils in leishmaniasis transmitted 
by sand flies. Science, 321: 970-974. 

Petersen MR, Hansen M, Avery B, Bogh IB (2008). A method for 
chronological intravital imaging of bovine oocytes during in vitro 
maturation. Microsc. Microanal, 14: 549-560. 

Phan TG, Bullen A (2010). Practical intravital two-photon microscopy for 
immunological research: faster, brighter, deeper. Immunol. Cell Biol., 
88: 438-444. 

Pinho V, Coelho FM, Menezes GB, Cara DC (2011). Intravital 
microscopy to study leukocyte recruitment in vivo. Methods Mol. Biol., 
689: 81-90. 

Polenghi A, Bossi F, Fischetti F, Durigutto P, Cabrelle A, Tamassia N, 
Cassatella MA, Montecucco C, Tedesco F, de Bernard M (2007). The 
neutrophil-activating protein of Helicobacter pylori crosses endothelia 
to promote neutrophil adhesion in vivo. J. Immunol., 178: 1312-1320. 

Ransohoff RM, Kivisakk P, Kidd G (2003). Three or more routes for 
leukocyte migration into the central nervous system. Nat. Rev. 
Immunol., 3: 569-581. 

Roesken F, Rueker M, Vollmar B, Boeckel M, Morgenstern E, Menger 
MD (1997). A new model for quantitative in vivo microscopic analysis 
of thrombus formation and vascular recanalisation: the ear of the 
hairless (hr/hr) mouse. Thromb. Haemost., 78: 1408-1414. 

Saeki T, Ohno T, Kamata K, Arai K, Mizuguchi S, Katori M, Saigenji K, 
Majima M (2004). Mild irritant prevents ethanol-induced gastric 
mucosal microcirculatory disturbances through actions of calcitonin 
gene-related peptide and PGI2 in rats. Am J Physiol Gastrointest 
Liver Physiol. 286: G68-75. 
Schmitt-Sody M, Klose A, Gottschalk O, Metz P, Gebhard H, Zysk S, 
Eichhorn ME, Hernandez-Richter TM, Jansson V, Veihelmann A 
(2005). Platelet-endothelial cell interactions in murine antigen- 
induced arthritis. Rheumatology, 44: 885-889. 

Schmitt-Sody M, Metz P, Gottschalk O, Birkenmaier C, Zysk S, 
Veihelmann A, Jansson V (2007). Platelet P-selectin is significantly 
involved in leukocyte-endothelial cell interaction in murine antigen-
induced arthritis. Platelets, 18: 365-372. 

Sintara K, Thong-Ngam D, Patumraj S, Klaikeaw N, Chatsuwan T 
(2010). Curcumin suppresses gastric NF-kappaB activation and 
macromolecular leakage in Helicobacter pylori-infected rats. World J. 
Gastroenterol., 16: 4039-4046. 

Soares HD, Hicks RR, Smith D, McIntosh TK (1995). Inflammatory 
leukocytic recruitment and diffuse neuronal degeneration are 
separate pathological processes resulting from traumatic brain injury. 
J. Neurosci., 15: 8223-8233. 

Solder E, Rohr I, Kremser C, Hutzler P, Debbage PL (2009). Imaging of 
placental transport mechanisms: a review. Eur. J. Obstet. Gynecol. 
Reprod. Biol., 144(1): 114-120. 

Soriano-Izquierdo A, Gironella M, Massaguer A, May FE, Salas A, Sans 
M, Poulsom R, Thim L, Pique JM, Panes J (2004). Trefoil peptide 
TFF2 treatment reduces VCAM-1 expression and leukocyte 
recruitment in experimental intestinal inflammation. J. Leukoc.Biol., 
75: 214-223. 

St Croix CM, Leelavanichkul K, Watkins SC (2006). Intravital 
fluorescence microscopy in pulmonary research. Adv. Drug Deliv. 
Rev., 58: 834-840. 

Stassen JM, Arnout J, Deckmyn H (2004). The hemostatic system. 
Curr. Med. Chem., 11: 2245-2260. 

Steffen BJ, Butcher EC, Engelhardt B (1994). Evidence for involvement 
of ICAM-1 and VCAM-1 in lymphocyte interaction with endothelium in 
experimental autoimmune encephalomyelitis in the central nervous 
system in the SJL/J mouse. Am. J. Pathol.,145: 189-201. 

Sumen C, Mempel TR, Mazo IB, von Andrian UH (2004). Intravital 
microscopy: visualizing immunity in context. Immunity, 21: 315-329. 

Suzuki H, Mori M, Seto K, Miyazawa M, Kai A, Suematsu M, Yoneta T, 
Miura S, Ishii H (2001). Polaprezinc attenuates the Helicobacter 
pylori-induced gastric mucosal leucocyte activation in Mongolian  

    gerbils--a study using intravital videomicroscopy. Aliment Pharmacol. 



1614          Afr. J. Microbiol. Res. 
 
 
 

Ther., 15: 715-725. 
Tabuchi A, Mertens M, Kuppe H, Pries AR, Kuebler WM (2008). 

Intravital microscopy of the murine pulmonary microcirculation. J. 
    Appl. Physiol., 104: 338-346. 
Tailor A, Tomlinson A, Salas A, Panes J, Granger DN, Flower RJ, 

Perretti M (1999). Dexamethasone inhibition of leucocyte adhesion to 
rat mesenteric postcapillary venules: role of intercellular adhesion 
molecule 1 and KC. Gut, 45: 705-712. 

Takeichi T, Engelmann G, Mocevicius P, Schmidt J, Ryschich E (2010). 
4-dimensional intravital microscopy: a new model for studies of 
leukocyte recruitment and migration in hepatocellular cancer in mice. 
J. Gastrointest. Surg., 14: 867-872. 

Teoh NC, Ito Y, Field J, Bethea NW, Amr D, McCuskey MK, McCuskey 
RS, Farrell GC, Allison AC (2007). Diannexin, a novel annexin V 
homodimer, provides prolonged protection against hepatic ischemia-
reperfusion injury in mice. Gastroenterology, 133: 632-646. 

Thiberville L, Moreno-Swirc S, Vercauteren T, Peltier E, Cave C, Bourg 
Heckly G (2007). In vivo imaging of the bronchial wall microstructure 
using fibered confocal fluorescence microscopy. Am. J. Respir. Crit. 
Care Med., 175: 22-31. 

Thomson AW, Knolle PA (2010). Antigen-presenting cell function in the 
tolerogenic liver environment. Nat. Rev. Immunol., 10: 753-766. 

Turner TT (2011). The study of varicocele through the use of animal 
models. Hum. Reprod. Update, 7: 78-84. 

Veihelmann A, Landes J, Hofbauer A, Dorger M, Refior HJ, Messmer K, 
Krombach F (2001). Exacerbation of antigen-induced arthritis in 
inducible nitric oxide synthase-deficient mice. Arthritis Rheum., 44: 
1420-1427. 

Veihelmann A, Szczesny G, Nolte D, Krombach F, Refior HJ, Messmer 
K (1998). A novel model for the study of synovial microcirculation in 
the mouse knee joint in vivo. Res. Exp. Med. (Berl), 198: 43-54. 

Vilela MC, Mansur DS, Lacerda-Queiroz N, Rodrigues DH, Arantes RM, 
Kroon EG, Campos MA, Teixeira MM, Teixeira AL (2008). Traffic of 
leukocytes in the central nervous system is associated with 
chemokine up-regulation in a severe model of herpes simplex  
encephalitis: an intravital microscopy study. Neurosci. Lett., 445: 18-
22. 

Wagner R (1839) Information panels on the physiology and evolution -  
Tab. XIV, p. 9.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Weigert R, Sramkova M, Parente L, Amornphimoltham P, Masedunskas 

A (2010). Intravital microscopy: a novel tool to study cell biology in 
living animals. Histochem. Cell Biol., 133: 481-491. 

Weiss L (1990). Metastatic inefficiency. Adv. Cancer Res., 54: 159-211. 
Wong CH, Jenne CN, Lee WY, Leger C, Kubes P (2011). Functional 

innervation of hepatic iNKT cells is immunosuppressive following 
stroke. Science, 334: 101-105. 

Wyckoff JB, Jones JG, Condeelis JS, Segall JE (2000). A critical step in 
metastasis: In vivo analysis of intravasation at the primary tumor. 
Cancer Res., 60: 2504-2511. 

Wyckoff JB, Wang Y, Lin EY, Li JF, Goswami S, Stanley ER, Segall JE, 
Pollard JW, Condeelis J (2007). Direct visualization of macrophage-
assisted tumor cell intravasation in mammary tumors. Cancer Res., 
67: 2649-2656. 

Yoshida M, Wakabayashi G, Otani Y, Oshima A, Shimazu M, Kubota T, 
Kumai K, Kurose I, Miura S, Kitajima M (1995). Active oxygen 
species generation by circulating leukocytes and gastric submucosal 
microcirculatory disturbances in the early period after thermal injury. 
J. Clin. Gastroenterol., 21(1): 87-92. 

Yoshida S, Sukeno M, Nabeshima Y (2007). A vasculature-associated 
niche for undifferentiated spermatogonia in the mouse testis. 
Science, 317: 1722-1726. 

Zanini GM, Cabrales P, Barkho W, Frangos JA, Carvalho LJ (2011). 
Exogenous nitric oxide decreases brain vascular inflammation, 
leakage and venular resistance during Plasmodium berghei ANKA 
infection in mice. J. Neuroinflamm., 8: 66. 

Zysk SP, Gebhard H, Plitz W, Buchhorn GH, Sprecher CM, Jansson V, 
Messmer K, Veihelmann A (2004). Influence of orthopedic particulate 
biomaterials on inflammation and synovial microcirculation in the 
murine knee joint. J. Biomed. Mater Res. B. Appl. Biomater., 71: 108-
115. 

 
 
 


