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Animal Models of Diseases Related to the Fetus and Newborn
Gauda.  Introduction: Knowledge Gained from Animal Studies of the Fetus and Newborn: Application to the Human Premature Infant, pp. 1-4

Summary: When evaluating an animal model of the human fetus and newborn, species differences should be considered.  Altricial and precocial species are important in animal models of the fetus and newborn.  The period of vulnerability in a certain organ of interest would be during the prenatal period in altricial animals but postnatal in precocial animals.  Rodents (precocial) can be an easier model to study normal development, plasticity and pathogenesis of disease in the premature infant.

When litter-bearing animals are used, an investigator should identify the experimental unit and take litter effects into account of the results of the experiment.  Lambs, piglets, neonatal cats and neonatal dogs are routinely used in physiological studies to characterize maturation of central and peripheral neurological control and maturation of respiratory and cardiovascular control.  Ventilatory responses to hypoxia and hypercapnia in rats and mice have a similar developmental pattern to the premature human infant and other neonatal animal models.  Among the specific characteristics of maturation of respiration are resetting of peripheral arterial chemoreceptors during the first few days after birth, the characteristic bi-phasic response to hypoxia, and the increase in ventilation in response to hypercapnia with maturation.  To study ventilation in rodents Gaultier and colleagues have developed a noninvasive, whole-body flow barometric plethysmography in neonatal mice.  The challenge to using new born rodents is that metabolism is so closely coupled to ventilatory response, therefore the temperature and metabolism must be monitored along with ventilation.

Transgenic mouse models are used to understand and elucidate the genes involved in regulation of lung maturation and development, including the pathogenesis of surfactant deficiency.  Some of the genetically manipulated mouse models are embryonic lethal, so the use of conditional knock-out experimental methods has led to better experimental design for the study of certain genes in the development of chronic lung disease and how oxygen tension, postnatal steroids, infection affect the developing lung.  Newborn cattle and swine continue to be the source of surfactant for the treatment of surfactant deficiency in premmies.

The most widely used brain injury model is the newborn rat pup at postnatal day 7 because at this age, the brain maturity is equivalent to an early third trimester human fetus.  The Rice-Vannucci model has been adapted for the newborn mouse, which differs by 1 day in brain maturation compared to the rat.  Fetal sheep at 90 to 110 days gestation are also a model of the human early third trimester brain.  All these models are good for studying specific genes and signaling pathways that result in necrosis and apoptosis in the immature brain, but they all fail to model the functional deficits seen in the human premature and term infants as a result of hypoxic ischemia brain injury.  A new neonatal rabbit model of brain injury also displays abnormalities in motor control, similar to those displayed in infants with white matter injuries.

Neonatal baboon models continue to be instrumental in the pathogenesis of respiratory distress syndrome, chronic lung disease and premature brain injury.  NHP models are well suited for studying pathogenesis of perinatal infections.  Neonatal rhesus macaque has been used to study congenital HCMV infection because Rhesus CMV parallels the pathogenesis of HCMV.

Questions:

1.
List 2 examples of altricial animals

2.
List 2 examples of precocial species

3.
What is the most widely used model of human fetal brain injury?

4.
What is the pre-natal age of fetal sheep that closely models that of the human fetus in early third trimester?

5.
What is the benefit to the new neonatal rabbit model of brain injury?
Answers:
1.
Sheep, non-human primates

2.
Mouse (other rodents), canine

3.
Newborn rat at PN day 7

4.
Fetal sheep in days 90 to 110 of gestation.

5.
Although there are other models that produce necrosis and apoptosis in the immature brain, the rabbit model produces abnormalities in motor control similar to what has been described for white matter injuries in the infant.

Festing.  Design and Statistical Methods in Studies Using Animal Models of Development, pp. 5-14

Experimental Unit (EU): Number of subjects in experiments. Data recorded on each individual EU are subjected to the statistical analysis

Observational studies: Do not involve the imposition of an experimental treatment (e.g., comparison of animals of two different genotypes).

Pilot studies: Small investigation (few animals) for testing the logistics or gaining preliminary data for designing a more delimitative experiment.

Exploratory experiment: Look at the pattern of response to some experiment but are not based on a formal, testable hypothesis. They are used to generate hypothesis to be tested in a confirmatory study.

Confirmatory study:  The aim is to test some formal, prestated, preferably quite simple hypothesis. 

"n": The number of observation in a study 
Between litter designs: The "n" is based on pregnant females or whole litters.   

Within-litter design: Each neonate is an EU. So, each neonate within A litter can receive different treatments.

Split-plot: Combination of between litter and Within-litter designs. Pregnant female receive a drug treatment.  Then after birth, individual pups will receive a vitamin supplement.  The effect of both prenatal and postnatal drugs can be studied.

Litter effect: The differences among litters. The litter effect may be due to size of the litter (e.g., large litters have smaller pups) and dams milk production. 

Factorial experimental design:  Testing multiple factors without any substantial increase in resources. For example, testing a hypothesis that alcohol may increase the effect of a teratogen in rats.  First, twenty pregnant rats treated with teratogen and twenty pregnant rats remain untreated as controls.  Then, half of the rats in each group will receive alcohol. 

Powerful experiments: 1. It has high probability of detecting a difference between treatment groups. 2. EU variability are minimized, 3.  Appropriate sample size

Choosing the strain or breed:  Choose appropriate strain: 

Mouse www.informatics.jax.org, rat: www.rgdb.mcw.org  

Isogenic strains (inbred strains and F1 hybrids between two such strains) are preferred

Advantage of isogenic strains:  
1.  
Remain genetically constant for many generation and have international distribution

2.  
F1 hybrid is vigorous and uniform,

3.  
Litter size is 30% larger
Disadvantage of inbred:  
1. 
Represent a single genotype

2.  
Poor breeding performance.

Disadvantage of outbred:  
1.  
Animal from different breeders will be genetically different even though they have the same name

2.  
Subject to genetic drift over period of time
Designing Experiment:   
1.  
Choosing EU (litter or individual neonates) 
2. 
Small pilot study (to determine dose level and logistics)

3.  
Considering factorial design

4.  
Use measurements instead of "count" (number of positive/negative)

5.  
Choosing method of statistical analysis
Determining sample size:  Use power analysis (need standard deviation from a previous experiment or from the literature).  

Dedicated computer software: nQuery advisor, MINITAB

Free online: www.biomath.info   (It is good, try it. SM)

Variables in power analysis: 
1. 
Size of scientific interest
2.  
Sample size
3. 
Chance of false positive (significance level 0.05)
4.
Sidedness of the test, 5.  Variability of material, 6.  Power of the experiment (80-90 %?)
Resource Equation method: it is used for sample size determination.  It is based on analysis of the variances.  Useful for small but complex biological experiment that involves several treatment groups.  It is somewhat crude. The error degrees of freedom in analysis of variance are between 10 and 20.

Equation is X=N-T-B+1
N (total # of observation), T (# of treatment), B (#of blocks, within-litter experiment) 

Statistical Analysis:  A basic assumption is that EUs are a random sample from a population and to make inferences about the population from the sample.  The accuracy of these inferences will dependent on the biological variability of the EUs and the sample size. So, if the sample size is very small and variation is large, only a rough estimate of the population characteristics will be available.

Outliers:  The first step in the analysis is to screen for errors.  A histogram or dotplot showing individual EUs will show the presence of any serious outliers.  Outliers must be checked against notebooks for transcription errors.  If data has log-normal distribution, then it has to be transformed to logarithms or square roots to remove the outliers. Outliers more than 3 standard deviations from mean are automatically rejected by some authors.  If one or two persistent outlier's removal has no effect on the outcome of the statistical analysis, they can be retained.

Comparing groups with badly skewed data can be done by using nonparametric methods such as Mann-Whitney or Wilcoxon test.   Dose response curves are estimated by using regression analysis.

Presenting data:  State number, species, breed, strain, nomenclature of animals.  State detail of husbandry (diet, housing), minimizing pain, method of statistical analysis, software used, avoid excess decimal places for means, include measures of variation (SD, SE or confidence intervals), identify number of observation for each mean (avoid stating number of animals 4-10), use graphs, show individual observation if possible, describe error bars (SD, Se or confidence intervals0

Questions:
1.
Which of the following statements are true about 'pilot studies?'
a.
Includes few animals
b.
Useful for determining the logistics of a study        

c.
a and b

d.
a only
2.
Confirmatory study 
a.
Includes EU                                          

b.
Has a simple hypothesis

c.
Uses statistical hypothesis         

d.
All of the above
3.
Exploratory experiments are used to generate hypothesis to be tested in a confirmatory study (T or F)

4.
Each neonate is an EU. So, each neonate within a litter can receive different treatments

a.
It is called Between litter designs

b.
It is called Within-litter design
5.
An experiment design that tests the effect of a drug on experimental groups, while at the same time determines the effect of sex within these groups is called

a.
Factorial design                        

b.
Exploratory design

c.
Confirmatory design      

d.
Combinatorial design
6.
Isogenic strains are
a.
F2 hybrid of two inbred strains

b.
F1 hybrid of two inbred strains

c.
F1 hybrid of two outbred strains

d.
None of the above
7.
Powerful experiments have
a.
Appropriate sample size

b.
Small EU variability 

c.
High probability to detect a difference between treatment groups

d.
c and b only

e.
a, b and c
8.
If the variability among EUs is very high, more experimental animals will be needed (T or F)

9.
To determine a sample size, one needs standard deviation from a previous experiment (T or F)

10.
When outliers can be omitted from experimental data
a.
Are more than 3 standard deviations from mean
b.
Are more than 2 standard deviation from mean

c.
Elimination will not change the statistical analysis result

d.
a and c

e.
b and c

Answers
1.  
c
2.  
d
3.  
T
4. 
b
5.  
a
6.  
b
7.  
e
8.  
T
9.  
T
10.
d

Gaultier et al.  Transgenic Models to Study Disorders of Respiratory Control in Newborn Mice, pp. 15-21

Summary: Analyzing the respiratory phenotype of mutant mice at birth is crucial because most homozygous genetic knock-out strains die within a few hours of birth, possibly from respiratory failure.  Also, as an animal ages plasticity and learning, as well as other adaptive processes, can influence breathing control.
Head-out plethysmography provides an almost direct measurement of breathing in the newborn.  The draw-back is that the tight restraint required is a potent stressor that has profound baseline effects on breathing in adult mice, and the assumption is that this also affects the newborn.
Whole-body flow barometric plethysmography does not use restraint, but it is an indirect semi-quantitative measure of breathing variables.  It has been validated against pneumotachography in adult mice but not newborns.
Phox2b homozygous mutants and endothelin converting enzyme 1 (Ece1) mutants usually die in utero.  The loss of genes responsible for hindbrain segmentation during the early embryonic stages, such as Krox20, led to severe breathing instability at birth. 

Brain derived neurotrophic fact has been shown to play a role in respiratory rhythm development in mice.  Bdnf null mutants exhibit severe disruption of respiratory rhythmogenesis.  Mutant newborn mice lacking one of the genes that control noradrenergic neuronal development at either the inhibitory A5 nucleus (i.e. mutations at

Mash-1, Rnx or Gdnf), or the A6 noradrenergic nuclei (mutation at Phox2a) in mutant newborn develop abnormalities in rate.
Null-mutant newborn mice deficient in pituitary adenylcyclase-activating polypeptide (PACAP) have blunted ventilatory response to both hypoxia and hypercapnia.

Many genes involved in respiratory control have been identified but none of the GEMs to date fully replicate the phenotype of human disorders in respiratory control development. 

Questions:
1. What is the most non-invasive method for studying unrestrained newborn mice? 

2. T/F: A mouse at birth roughly matches that of a human preterm neonate born at 25 weeks of gestational age. 

3. Name two of the widely accepted devices for measuring respiration of ADULT mice  

4. What is the tidal volume of a newborn mouse? 
Answers: 
1. Whole body flow barometric plethysmography. 
2. True 
3. 4 examples would be:  pneumotachometers, thermistors, respiratory inductance spirometers, or magnetometers 
4. 3 to 4 microliters/gram (body weight is approx. 1.3 grams). 

Bridges and Weaver.  Use of Transgenic Mice to Study Lung Morphogenesis and Function, pp. 22-31
Summary: This review article highlights selected transgenic mouse models that have been instrumental in the study of lung morphogenesis and function.  Key events of interest are the prenatal development of specialized cell types and branching airways and vasculature, the transition to air breathing at birth, and the postnatal augmentation of gas exchange surfaces.  Numerous transcription and secreted factors are involved in the control of these events, and transgenic mouse models are excellent tools to identify which factors are most important for various events.  In many instances the discovery of specific roles for various factors has been difficult because manipulation of the genes controlling such factors has resulted in embryonic lethality. 

Members of the Nkx, (e.g. TTF-1), GATA, and Fox families, FGF, B-catenin/WNT, BMP-4, and sonic hedgehog, (SHH), have all proven to be important in the development of branching airways in the prenatal lung. TTF-1 and FGF-10 are important in early lung morphogenesis while SHH and Foxa1 and a2 control later events. Vascular morphogeneis is broken down into vasculogenesis, thought to be responsible for formation of the distal vessels, and angiogenesis, thought to give rise to proximal vasculature of the lung.  Critical signaling molecules involved include VEGFR-2, (aka FLK1), SHH and associated factors, secreted growth factors of the WNT family, and Fox family transcription factors.

In order for the neonate to successfully transition to air breathing the blood-gas barrier must mature such that air sac fluid is resorbed and pulmonary surfactant reduces surface tension preventing alveolar collapse, (atelectasis), during expiration.  The heparin sulfate binding isoforms of VEG-F and nitric oxide have been discovered to be essential in formation of the blood-gas barrier.  Amiloride-sensitive epithelial sodium channel, (ENaCs), integrity is essential to clear airway fluid at birth. Atelectasis is prevented by phospholipid-rich pulmonary surfactant spread on the epithelial cell surface.  SP-B has been shown to be the critical functional component of Dipalmitoyl-phosphatidylcholine, (DPPC), the most abundant phospolipid in surfactant, and FoxA2 is also vital for surfactant production. 
Postnatal lung maturation depends on four things: (1) expansion of alveolar spaces during growth, (2) prevention of atelectasis, (3) prevention microbial contamination of the gas exchange surface, and (4) rapid repair of damaged epithelial tissue at the air/blood interchange.  The postnatal lung undergoes septation of the terminal sacs, or alveogenesis, to expand the postnatal lung; elastin, (its deposition controlled by PDGF-A), and elastin binding proteins are key regulators of this process, as well as adenosine, TGF-alpha, and cooperation between FGFR3 and 4. SP-C, a component of DPPC, is important in the prevention of interstitial lung disease, while another DPPC component, SP-D is important in surfactant homeostasis and the prevention of emphysema.  SP-A and SP-D, (in surfactant), and lysozyme are important physical and pharmacologic barriers to microbial contamination and subsequent inflammation. 

Several new strategies have enhanced transgenic work.  The tetracycline (tet1)-inducible system allows the transgene of interest to be switched “on” or “off” in certain cell subsets through the administration of doxycycline.  Conditional gene deletion is a variation in which the targeted gene can be silenced at a specific time point or in specific cells; this involves the breeding of triple transgenic mice in which doxycycline administration induces cre-recombinase expression excising the “floxed” gene of interest, (between two loxP sites).  Refinements such as targeted transgenesis as well as technologies such as laser capture microdissection, microarray, and proteomic microdissection are other tools that will enable the discovery of the molecular pathways behind the phenotypes of transgenic mice.  The development of lung and cell-specific promoters have facilitated the targeting of transgene expression in transgenic mice, and the discovery of new promoters will only enhance this ability.
Please also see Table 1: Transgenic Mouse Models with Pulmonary Phenotypes
Questions:
1. True or False? Septation of the terminal sacs in the lung is termed alveogenesis 

2. Which of the following is not critical for postnatal respiration? 

a. 
Sustained ventilation

b. 
Vascular perfusion

c. 
Maintenance of a sterile gas exchange surface

d. 
Secretion of small amounts of fluid into the air spaces

e. 
Ability to rapidly repair the blood-gas barrier following injury

3.
Mouse lung morphogenesis begins at what embryonic day?

a. 
3

b. 
4.5
c. 
6.5

d.
9.5
e. 
13

4.
True or False? The embryonic tissue that gives rise to the lungs is the mesoderm

5.
True or False? SHH and Foxa1 and Foxa2 are important in the later stages of lung morphogenesis

6.
True or False? Vasculogenesis is the process by which new vessels form de novo from angioblasts
7.
Angiogenesis is?

a. 
The process by which new vessels form de novo from angioblasts

b. 
Septation of the terminal sacs of the lung

c. 
The synthesis and secretion of pulmonary surfactant

d. 
The formation of amiloride sensitive potassium channels

e. 
The process by which new vessels sprout from pre-existing ones

8.
True or False? Determining the precise roles of various factors in lung vasculature development has not been hampered by early embryonic lethality in gene-targeted mice.

9.
The vascular system of the lung is divided into the bronchial and pulmonary systems, while the pulmonary system is further subdivided into?

a. 
Proximal and peripheral vasculature

b. 
Proximal and distal vasculature

c. 
Pulmonary arteries, and microvessels and capillaries 
d. 
a and c

e. 
None of the above

10.
True or False? Proximal vessels of the lung arise through angiogenesis

11.
VEGFR-2 is also known as what in the mouse?

a. 
WNT

b. 
SHH

c. 
PECAM

d. 
FLK1

e. 
PDGF-A
12.
True or False? FoxF1 is required for the integrity of large pulmonary vessels
13.
True or False? Formation of the blood-gas barrier begins during embryonic day 18
14.
Which of the following is an alternatively spliced isoform of VEG-F in the mouse?

a. 
VEGF-164

b. 
VEGF-188

c. 
VEGF-120

d. 
All of the above

e. 
None of the above
15. Amiloride-sensitive ________channels are essential for the removal of airway fluid at birth

a. 
Potassium

b. 
Chloride

c. 
Sodium
16.
Pulmonary surfactant is a phospolipid-rich film that reduces surface tension on the epithelial cell surfaces of the lung preventing?

a. 
Emphysema

b. 
Atelectasis

c. 
Dysplasia

d. 
Capillary misalignment
17.
True or False? Atelectasis is widespread alveolar collapse that compromises gas exchange

18.
Which of the four sub-components of DPPC is most important for surfactant function?

a. 
SP-A

b. 
SP-B

c. 
SP-C

d. 
SP-D

19.
The fully mature human lung consists of approximately ____million alveoli providing a gas exchange surface of 100-150 square meters?

a. 
100

b. 
200

c. 
300

d. 
400

e. 
500

20.
Which of the following not an important barrier to microbial colonization and inflammation of the lung?

a. 
Lysozyme

b. 
SP-D

c. 
SP-A

d. 
SP-C
21.
True or False? Conditional gene deletion involves breeding 4 independent mouse lines.
22.
Which of the following is not a technology indicated in the article to be a useful tool in the identification of molecular pathways underlying transgenic mouse phenotypes?

a. 
Bioluminescent imaging

b. 
Microarray

c. 
Proteomic instrumentation

d. 
Laser capture microdissection

23.
True or False? The tetracycline (tet1)-inducible system is a strategy for conditional gene expression.

 

Answers:
1. True 

2. D. 

3. D. 

4. False; endoderm 

5. True 

6. True 

7. E. 

8. False; embryonic lethality has hampered efforts 

9. A. 

10. True 

11. D. 

12. False; FoxF1 is important for the development of pulmonary microvasculature 

13. True 

14. D. 

15. C. 

16. B. 

17. True 

18. B. 

19. D. 

20. D. 

21. False; conditional gene deletion involves = breeding 3 independent mouse lines 

22. A. 

23. True
Northington.  Brief Update on Animal Models of Hypoxic-Ischemic Encephalopathy, pp. 32-38

Investigators studying safe and effective therapies for perinatal hypoxia ischemia (HI) and stroke are challenged by developmental and functional differences between the neonatal and adult brain. These differences do not allow for extrapolation of adult data to the neonatal condition.  As a result, scientists in an effort to test therapeutic efficacy have combined the use of newly developed models of neonatal HI and stroke while incorporating established models that take in consideration different species and ages.  Studies that incorporate functional and behavioral testing are critical for preclinical therapeutic trials.  The intention of this review was to provide the reader with an over view of recently developed models of neonatal HI and stroke, adaptation of established models, long term neurobehavioral and neuropathology data in animal models of neonatal HI and stroke, and finally the successful translation of data in the field of hypothermia research into a clinical research too and its potential for its use in combination therapy.

True intrauterine HI models has been on of the greatest deficits in them field of neonatal HI research until the recent development of the fetal sheep model through maternal hypoxia or umbilical cord occlusion.  This model is problematic not only due to its size and cost of its development but also is limited due to the lack of clinical evidence of brain injury consequently the inability to attain follow up neurobehavioral data.  The recently developed model of perinatal brain injury and global HI in the near term rabbit model provides researchers a cost effective alternative to the fetal lamb model that mimics placental insufficiency and the surviving rabbits displays persistent hypertonia and motor deficits providing the researcher with a model of cerebral palsy.

Traditional studies involving neurodevelopmental parallels across species, comparisons in brain growth rates and histological & functional analysis of maturation of brain regions contributed to the foundation of knowledge that led to the conclusion that the model of neonatal asphyxial brain injury, the 7 day old rat simulates the brain maturity of an early third trimester human fetus.

The majority of the biochemical and pathological data in neonatal HI has come from rodent models.  Initial description of the adaptation of the Levine model of UI to the postnatal day rat occurred in 1981.  Vannucci et al. provides the most robust and productive model of HI and stroke.  With the availability of the transgenic mouse it made sense to adapt this Vannucci’s model.  In order to accomplish this murine model a microsurgical technique for the carotid ligation in a postnatal 7-day-old mouse needed to be developed and modifications to deliver the degree of hypoxia of exposure needed to be made.  It was noted that a while 90 minutes of exposure of .08 fraction of inspired oxygen FiO2 was necessary in a neonatal rat to produce a moderate to severe injury, the neonatal mouse took 40-70 minutes. Researchers recognized that there are marked strain differences with the CD1 having a 4 four-fold increase of being injured at 30 min in comparison to 129Sv mouse. Other limitations noted such as histopathological injury scores, mortality and altered gene expression.  Further adaptation of the Vannucci’s model to extremely immature rat (post natal day 1-2 researchers learned that the a greater degree of hypoxia is necessary to create injury similar to that in the 7day post natal model.  Cell death included not only oligodendrocyte progenitor and subplate neurons gave researchers insight on neurodevelopment that cannot be explained on white matter alone.

Adaptation of the methodology used to investigate immature brain to excitotoxicity by injecting intrastriatal injection of various glutamate receptor agonist in genetically and immunologically modified mice provides information on cytokines, thrombophilic agents and microglial activation after injection.  This model showed that neurotrophin brain-derived neurotrophic factor (BDNF1) exacerbates the injury at postnatal day 0 and protects postnatal day 5 and shows no effects at day 10.  These developmentally specific results are not seen in the rat model making the mouse model invaluable for the study of therapeutic regimens for HI and stroke.

Long term follow-up and functional outcome studies have become increasingly important areas of investigation.   Investigations in the rat revealed that moderate to severe HI showed no difference in the presentation of delayed infarction and cerebral atrophy.  By incorporating neuropathology with functional and neurobehavioral testing in the mouse and rabbit model allows the correlation of pathology to function following HI.

Hypothermia is the only treatment that appears to interrupt the initial necrotic/excitotoxic process that occurs after acute severe HI in both large and small animals.  Investigations as to whether hypothermia affects apoptotic cell death following HI and whether it can be combined with antiapoptosis therapies for improved efficacy.  Early anticonvulsant therapy combined with hypothermia provides improvement in both function and neuropathology following HI.  These results have been generated in the post natal  7 day rat further investigation is necessary in more mature animals and larger animal models used for hypothermic research.

Questions
1) 
For the preclinical therapeutic trials to be successful it is necessary that studies incorporate functional and neuropathology testing.  True or False

2)
What laboratory species has the brain maturity equivalent to a third trimester human fetus?

3)
What is FiO2?  What is the level and how long is the exposure necessary in the neonatal rat to produce moderate to severe brain injury?

4)
It takes a shorter time to create a similar lesion in mice.  Is this strain dependent?  Name the strain that is more sensitive?

Answers
1) 
False Functional and Behavioral testing.

2)
The 7 day old rat (the most widely used model of neonatal asphyxial brain injury.

3)
Fraction of inspired oxygen.  90 minutes .08

4)
Yes.  CD1

Richardson et al.  Neonatal Animal Models of Opiate Withdrawal, pp. 39-48

Summary: The symptoms of opiate withdraw in infants are defined as neonatal abstinence syndrome (NAS). NAS is a significant cause of morbidity and sudden death in infants. There are a large number of infants born from opiate-addicted women and infants treated with opiate for analgesia and sedation. NAS is characterized by disturbances in the central and autonomic nervous systems demonstrated as hyperexcitability, high-pitched cry, tremor, diarrhea, feeding intolerance, and seizures. The article suggests that the mechanisms of the NAS between infants and adults are different.
The compounds are administered via osmotic pumps, implanted pellets, or daily injections. Animal models are based on acute opiate exposure single or multiple doses over 1 to 2 days and chronic administration of opiate for a minimum of 5 days. The acute exposure is useful for understanding the early stages of the opiate dependence and addiction. Studies focused on chronic exposure can be useful for understanding the counteradaptive mechanisms. There are two types of opiate withdrawal: spontaneous which is defined as sudden opiate discontinuation or rapid tapering of chronically administered opiates and precipitated opiate withdrawal when opioid receptor antagonist is used for displacement of the receptor opioid agonist.
There are three main types of opioid receptors (, (, and (. The ( receptor is the most relevant to the opioid adaptive responses tolerance, dependence, and withdrawals. 
Cells and neurons involved in the adaptive and counteradaptive processes can be identified by measuring the immediate-early genes such as nuclear cellular-Fos (c-Fos). This protein can bind to the DNA and regulate the transcription of specific gene. It is used as a marker to map the neuronal network and correlate the activation of specific neuronal network involved in the opiate withdrawal. The elevation of 3-methoxy-4-hydroxy-phenethyleneglycol (MHPG) the principal metabolite of brain norepinephrine (NE) is an indicator of noradrenergic activity in the brain. The glucose utilization in the brain regions can be assets by quantitative autoradiography using 2-(14C) deoxyglucose radioactive analogue of 2-deoxyglucose. This method can be used to map the functional neuronal pathways.
Evidence for differences between neonates and adults due to opiate withdrawal Behavioral evidence. Neonatal rats develop tolerance, dependence, and withdrawal symptoms.  The symptoms in the youngest animals can be subtle due to the incomplete myelination of the peripheral nervous system, differences of expression of ( receptors, neurotransmitters, and activation of different brain regions. The central nervous system of a new born rat is approximately equivalent to a 24 wks human fetus, full-term neonate at 7 days, and a toddler at 3 wks. The newborn rat is mature at 28 days. In the rat the earliest age at which adult like withdrawal symptoms like wet dog shakes, burrowing, teeth chatter, diarrhea, and weight loss is observed between 42 and 52 postnatal days (PND). 
Neurochemical evidence. Glutamatergic and noradrenergic systems are the most studied of the nonopioid neuronal networks between neonates vs. adults.  Glutamatergic neurotransmission is via N-methyl-D-aspartate (NMDA) and (-amino3-hyrdoxy-5-methyl-isoxazole-4-proprionic acid (AMPA).  Glutamate receptors may be developmentally regulated.  In neonatal rats the AMPA receptor plays a dominant role in getting Ca influx but during the second postnatal week matures and loses Ca permeability.  The NMDA receptor gains Ca permeability during development and acquires dominant adult role.  The neural circuitry mediating opiate withdrawal behavior is similar in neonates and adult rats but the expressed behavior is age related.  Although NMDA receptor antagonists inhibit the development but not the expression of opiate tolerance and dependence they are ineffective in neonatal animals.  In neonates, AMPA and glutamate receptor antagonists may be more effective than NMDA receptor antagonists.  Nitric oxide synthase inhibitors block opiate withdrawal in similar manner both in adults and neonates.  a2-Adrenergic and (-opioid receptors are colocalized on the cells that are believed to be the substrates for the sympathetic symptoms.
Opiate withdrawal induces neural hyperexcitability associated with changes in neurotransmitters.  Following abrupt discontinuation of chronic opiate exposure excessive NE is released and binds to noradrenergic receptors which lead to overactivation of the autonomic nervous system.  Clonidine, a central a2-adrenergic receptor agonist decreases hyperreactivity during opioid withdrawal and is used in the clinical practice to attenuate the withdrawal symptoms.

The BNST and the medial and central nuclei of the amigdala are considered a single functional system known as extended amygdale and may be important region that mediates anxiety-induced drug seeking after protracted withdrawal. 

Animal models 
Neonatal rat is the most commonly used for chronic opiate withdrawal model. The group used this model with utero opiate exposure and precipitated opiate withdrawal alone or in combination with clonidine. Correlation between clinical signs and c-Fos protein expression in BNST was found.
Osmotic minipumps were placed into pregnant dams on gestation day 15 to deliver methadone or vehicle. At PND 8 groups were cross fostered into naive dams and treated with tapering doses of morphine alone or in combination with clonidine. At day PND 10 and 11 naloxone precipitated opiate withdrawal was initiated, groups videotaped, and c-Fos expression measured using Western blots.  This paradigm of opiate exposure produced physical dependence in rats at PND 10 and 11 as evidenced by the clinical sings and increase of c-Fos in BNST. The group found clonidine as effective in reducing opiate withdrawal symptoms in opiate-dependent newborn rats.

Neonatal Mouse. Neonatal C57BL/6 mouse was used. Osmotic minipumps were placed into pregnant dam 1 wk before parturition and methadone or vehicle for 4 wks was delivered. The pups were exposed 1 wk to methadone transplacentally and via breast milk for 7 to 21 days. Opiate withdrawal was precipitated with naloxone at PND 7 and 21. The animals were videotaped and behaviors compared. Increase of c-Fos protein expression was the only difference between withdrawal and control groups. 
Guinea pig has been used since mid 1990s to study the effect of the utero chronic opiate exposure on the respiration. It is more mature at birth then rat or mouse. The guinea pig is a potential good model to study human NAS. The placenta is similar to the human hemomonochorial (single layer of trophoblastic cells) placenta, has similar permeability to hydrophilic drugs such as morphine, and the metabolite of morphine morphine-6-beta-D-glucuronide is metabolized similarly in both organisms. There are few limitations using this model such as long gestation of 59 to 72 days and small litter size 2-5 guinea pigs. 

Chicken were used during 1980s but no data is available after that. 
Fetal lamb has been used to study the effects of chronic opiate exposure on respiratory and sleep-wake cycles. The gestation period of the lamb is ~147 days which a limitation.

Questions: 

1.
What NAS stands for and which are the clinical sings?

2.
What are the two animal models to study opiate withdrawal effects? 
3.
Name two types of opiate withdrawal? 

4.
How can the adaptive response in cells be measured? 

5.
What is the earliest age in rats at which adult like withdrawal symptoms are observed?

6.
Describe the opiate withdrawal symptoms in new born rat? 

7.
Are NMDA receptor antagonists effective in neonatal animals following opiate withdrawal?  Which compounds are more effective?

8.
Abrupt opiate discontinuation results in over action of the nervous system. What is the mechanism?

9.
What is Clonidine and when is it used?

10.
Which are the five neonatal animal that could be used to study opiate withdrawal effects described in this article?

Answers:

1.
Neonatal abstinence syndrome defines disturbances in the central and autonomic nervous systems demonstrated as hyperexcitability, high-pitched cry, tremor, diarrhea, feeding intolerance, and seizures.

2.
Acute single or multiple doses over 1 to 2 days and chronic administration of opiate for a minimum of 5 days.

3.
Spontaneous and precipitated.

4.
Measuring the immediate-early genes such as nuclear c-Fos. The elevation of MHPG. The glucose utilization in the brain regions using 2-(14C) deoxyglucose radioactive analogue. 

5.
PND 42 and 52 

6.
Wet dog shakes, burrowing, teeth chatter, diarrhea, and weight loss.

7.
No. AMPA and glutamate receptor antagonists are more effective.

8.
Excessive NE is released that binds to noradrenergic receptors.

9.
It is a central a2- adrenergic receptor agonist. Decreases hyperreactivity during opioid withdrawal and is used in the clinical practice to attenuate the abstinence symptoms. 

10.
Mouse, rat, guinea pig, chicken, and fetal lamb.

Barry et al.  Nonhuman Primate Models of Intrauterine Cytomegalovirus Infection, pp. 49-64

Natural History:

· Human Cytomegalovirus (HCMV) is a large DS DNA (130-230,000 BP) Herpesvirus.

· Ubiquitous in humans with seroprevalence from 50-90% positive.

· Horizontal transmission through any bodily fluid - breast milk and perinatal transmission appear to be principle modes.

· Low pathogenic potential because most primary infections do not result in clinical disease

· Mononucleosis is predominant clinical outcome in young adults, < 7% occurrence

· Host immune response are protective, but insufficient to eliminate reservoirs of viral genome

· Large majority of transplant recipients will develop activated HCMv within 1 yr of transplant due to immunosupression
· Highly Active AntiRetroviral Therapy (HAART) has decreased AIDS associated HCMV infections

· HCMV is the most common congenital infection in the US, infecting 0.5 to 2% infants

· 10% of these infants present with HCMV clinical disease at birth, 15% will develop neurological signs years later, including progressive sensorineural hearing loss.

· 30-40% of fetuses will be infected when the mother gets a primary infected during pregnancy.  Only 0.5% preconception infections will cause a transplacental infection to the fetus, although more data has been submitted for publication.

· HCMV is highly species specific-human origin cells or chimps may be infected.

Rhesus CMV infection is the best animal model, and RhCMV can induce severe disease in fetal macaques.  The Macaque model is a model of intrauterine HCMV pathogenesis, not a model of transmission because the Rhesus becomes seropositive around 1 yr of age, prior to breeding.  The virus is ubiquitous in Rhesus like humans, and seropositive animals secrete virus during their lifetime.  The absence of seronegative breeding age females limits the modeling for vaccine strategies.

Pregnancy in the Rhesus is divided into 55 day trimesters (gestation 165 +/- 10 days)

Fetal Development is similar in special and temporal patterns to humans.

In the Rhesus CMV model, the fetus receives a direct injection of virus intracranial or intraperitoneal, it has also been done intra-amnion.  

· An EGFP variant of RhCMV has caused abnormalities such as microencephaly, ventriculomegaly, hydrops, ileocolic strictures, diaphragmatic defects, lower limb deformities.

· Protective effects of maternal antibodies in fetal circulation may be pronounced in low virus titers following transplacental transmission.  

· Inoculations performed at 50 days gestation leads to increased severity of severe outcomes related to infection.

· Absence of disease in some animals when inoculated in the third trimester suggests that the developing immune environment limits the potential for RhCMV disease

· Molecular analysis of tissues from IP RhCMV inoculated animals indicates that almost every tissue available from terminated fetuses supports viral replication with the exception of bone marrow.

· Inoculated feti (at 50 and 65 days gestation) developed pp65 IgG antibody in the absence of maternal anti-pp65 seroreactivity.  Maternal neutralizing antibody titers were apparently unrelated to viable vs. non-viable fetal outcomes at term 

Questions: 

1) 
Which primate animal model is most appropriate for  HCMV pathogenesis research? 

a) 
Vervet 

b) 
Cyno 

c) 
Rhesus 

d)  
Lemur 

2) 
True or false:  HCMV causes overt disease in 90% of those infected? 

3) 
Congenital infection with HCMV causes what primary lesion in human and rhesus newborns? 

a) 
Hepatic disease and newborn jaundice 

b) 
CNS lesions and hearing abnormalities 

c) 
Salivary gland enlargement 

d) 
Vasculitis 

4)  
T/F Human HCMV infection and immune response leads to virus elimination 

5) 
T/F  Hydrops, microencephaly and ileocolic strictures are associated with an RhCMV variant infection.  

6) T/F Inoculation with RhCMV recapitulates the broad tissue tropism and disease observed during congenital HCMV infection

7) 
Can fetuses€™ produce IgG in response to RhCMV infection by mid-second semester?

8) 
T/F CMV Vaccine strategies are easily modeled in Rhesus macaques

Answers

1) 
c    

2) 
False- up to 90% of the population is seropositive, few get overt disease
3) 
b
4) 
F- It's a herpes virus, persistent shedding in secretions p 49
5) 
True, p 54
6) 
True, p 55
7) 
Yes, p. 60
8) 
F p. 61 
Schleiss.  Nonprimate Models of Congenital Cytomegalovirus (CMV) Infection: Gaining Insight into Pathogenesis and Prevention of Disease in Newborns, pp. 65-72

SUMMARY: Because human CMV will not infect laboratory animals, animal research with species-specific CMV is needed.  The rhesus macaque model has the greatest relevance to human health, given the genetic similarities at the virus and host levels and the similarities in the clinical manifestations of infection.  The chimpanzee cytomegalovirus genome (CCMV) has been recently been sequenced and found to have the highest degree of homology of any animal CMV to the human CMV genome.  The porcine cytomegalovirus (PCMV) has been shown to cross placenta in pregnant sows and to infect the fetus, but this model has not been explored further in the study of congenital CMV infection.  The study of PCMV is important for xenotransplantation because porcine grafts are being used with increased frequency in human transplantation.  The rat CMV (RMCV) is a well-characteristic CMV at both the molecular and the biological level.  The rat model has emerged as particularly interesting and valuable model of transplant-associated vascular disease.  However, there is little information about the use of peri-natal infection.  The recent isolation of a novel strain of RCMV from placenta tissue raises the intriguing possibility that RCMV might be transmitted to the fetus.   Mouse models of fetal pathogenesis are also available but are complicated by the fact that mouse cytomegalovirus (MCMV) does not cross the placenta.  The variation in the host genetic susceptibility to MCMV infection and disease is an important factor for investigators to keep in mind when considering the experimental design and anticipated outcomes in vaccines/challenge studies performed in murine model.  Additional research using these models could provide insights into the in utero pathogenesis of CMV in the mouse model, as well as mechanisms of immune-mediated protection of the CNS.  Ultimately, however, murine models at best provide only indirect evidence of the mechanisms by which transplacentally acquired CMV infection injures the developing fetus.  Among the small animal models, the guinea pig cytomegalovirus (GPCMV) model is uniquely valuable because the virus produces congenital infection and disease.  For this reason, the guinea pig is well suited to the study of vaccines design to interrupt vertical virus transmission.  Like congenitally infected infants, congenitally GPCMV-infected guinea pigs exhibit variety forms of end-organ disease and injury, including injury to the CNS and injury to the inner ear that can result in viral labyrinthitis and deafness.  Based on the ability of GPCMV to cross placenta and infect the pup in utero, the guinea pig provides an ideal small animal model for the study of CMV vaccines.  Previous investigations that evaluated both a live attenuated GPCMV vaccine and a partially purified soluble envelope vaccine administered with Freund’s adjuvant were able to show protection against acute viremia and death, and vaccination resulted in a reduced incidence of generalized maternal and fetal infection.   Vaccine studies in the guinea pig model using cloned recombinant antigens may help prioritize which kind of CMV vaccines should move forward in clinical trials.  The ability to manipulate the viral genome via targeted mutagenesis should help shed light on the role or roles of specific viral genes in the in utero pathogenesis of infection in this model.
Questions:

1.
The rhesus macaque CMV model has the greatest relevance to human health because of the genetic similarities at the virus and host levels; and the similarities in the clinical manifestations of infection.  True or False.  

2.
The mouse cytomegalovirus (MCMV) crosses the placenta.  True or False.  

3.
Based on the ability of GPCMV to cross/not to cross placenta and infect/not to infect the pup in utero.  Therefore, the guinea pig provides/does not provide ideal small animal model for the study of CMV vaccines.    

4.
The study of PCMV is important for …………….. because porcine grafts are being used with increased frequency in human transplantation.    

5.
The recent isolation of a novel strain of RCMV from placenta tissue raises the intriguing possibility that RCMV might be/might not be transmitted to the fetus.  

6.
The …………. cytomegalovirus genome has been recently been sequenced and found to have the highest degree of homology of any animal CMV to the human CMV genome.    

a.
Mouse

b.
Rat 

c.
Rhesus macaque

d.
Chimpanzee

e.
All of the above

Answers:

1.
True

2. 
False.  MCMV does not cross the placenta

3. 
To cross; to infect; provides

4.
Xenotransplantation.

5.
Might be

6. 
D.  Chimpanzee

Nathanielsz.  Animal Models That Elucidate Basic Principles of the Developmental Origins of Adult Diseases, pp. 73-82

The concept of developmental origins of adult diseases has become well accepted because of the animal studies that have precisely defined the outcomes of specified exposures such as nutrition restriction, overfeeding during pregnancy, maternal stress and exogenously administered glucocorticoids.  The author reviews 10 principles from a physiologic perspective in animal model studies designed to evaluate exposures, mechanisms and outcomes.

Epidemiological studies of human populations investigating the developmental origin of adult diseases are limited by changing environmental conditions. By studying the circumstances surrounding the Dutch Hunger Winter provided information on a population exposed to adverse conditions such as low nutrition, exposure to cold and mental stress.  Studies that examined the offspring of pregnant women born during or immediately after the Dutch Hunger Winter revealed an increase in incidence of several chronic adult conditions such as diabetes and obesities.  These findings were complicated by inability to control the level of nutritional restriction and information from offspring that were not exposed to such environmental factors.   These limitations can be circumvented through the use of animal models since it is possible to select and evaluate females prior to their pregnancy, investigate dose response questions, monitor both non-invasively (ultrasound) and invasively (biopsies) at multiple points in the same animal throughout the pregnancy.  Offspring of rats that are under nourished during pregnancy and lactation have a higher incidence of high blood pressure, diabetes, obesity and altered sexual function. 

First Principle: During development there is a critical period of vulnerability to challenges which varies from organ to organ and as a result the developmental or the responding organ may be changed in a way that it results in a persistent malfunction.  Female rats subjected to a single dose of male sex steroids at 5 days of life failed to show normal reproductive cycles where females subjected to androgens after 20 days postnatal life had no persistent change on reproduction.  Major challenges like poor nutrition, maternal stress and exposure to pharmacological agents have been studied in various animal models which predispose them to chronic conditions such as diabetes, obesity, hypertension, altered endocrine function and mood disorders.   Use of nutritional paradigms as challenges to the developing fetus and neonates allows for exploration of these critical periods of vulnerability which comprise the majority of studies on developmental programming.  Careful attention to the experimental design and interpretation of the results attained allows for correlation of these results to the period of change.  When evaluating data from different species it is important to remember that the trajectory of development of different systems varies between species

Principle two is based on the fact that permanent effects can alter responses in later life and can modify susceptibility to disease. Nutritional restriction in Wistar rats and guinea pigs suggest that increases in blood pressure directly  or indirect in the rat result by increasing sympathetic nervous system to stress as determined through the use of radiotelementry.  Nutritional restriction in sheep through 50% of global caloric restriction causes an increase in blood pressure contrasts the findings in late term placental insufficiency where the offspring are small and had lower blood pressure.  Similar challenges may result in different outcomes.

The third principle suggests that fetal development is activity dependent. Chronically instrumental sheep studies indicate when exposed to hypoxic conditions the fetal breath movements become depressed and in turn leads to retardation of fetal lung maturation.

Principle four is based on the premise that when programming occurs there are structural changes in organs such as cellular composition (absolute numbers), distribution and proportion of cell type.  Resetting of feedback mechanisms may occur as a result of the development of too many or too few hormone receptors.  Blood supply may not form normally.  The absolute number of cells that compose the organ can result from maternal nutrient restriction from decreased uterine blood supply created by ligation or embolization.  Low protein diets fed to pregnant rats resulted in a smaller number of blood vessels per unit area of the fetus.   With a decrease of perfusion it may limit pancreatic islet function and as a result predispose offspring to diabetes

Principle 5:  The placenta plays a key role in programming.  Feeding rats a low protein diet during the pre-implantation period (0 to 4.25 days of pregnancy) resulted in offspring that was hypertensive.  Examining embryos after this period revealed a reduction in cell number due to a decrease in cellular proliferation rather than increased apoptosis.

Principle 6: Fetal composition carries a price.  The mechanism by which the fetus compensates changes the normal course of development and function in the postnatal environment.  Studies investigating challenges such as hypoxia, the fetus will redistribute the blood sparing vital organs.  The redistribution of blood is the cause of asymmetric growth retardation. Birth weight maybe with in normal range and is a poor indicator of normal function, composition, receptor numbers and organ structure. Fetal rats that are undernourished have altered liver structure and function. PEPCK (phosphenolpyruvate carboxykinase) activity is increased.  It is a glucoconeogenic enzyme that is elevated in the face of decreased glucose availability

Principle 7 Reversal of the consequences of programming may have their own unwanted consequences.  Mice that were given a 20% protein diet or an 8% low-protein diet to restrict fetal growth were cross fostered to mothers give the other diet.  Those of the low protein diet that were cross fostered on females on the higher protein diet showed a rapid catch up growth and died at a younger age.

Principle 8 : Cellular mechanisms of the fetus differ from the adult. Fetal sheep submitted to moderate hypoxemia responds by suppressing fetal breathing.  Another illustration of this principle occurs after administration of glucocorticoids to fetal sheep resulting in the generation of the active form of  the hormone triiodothyronine.  In contrast the administration glucocorticoids in adults decrease thyroid activity.

Principle 9: The effects of programming may pass across generations by mechanisms that do not necessarily involve changes in the genes.  F1 female diabetic offspring of F0 rats treated with streptozotocin during pregnancy themselves have F2 offspring with altered glucose and carbohydrate metabolism.

Principle 10: Programming has different effects in male and female.  

Questions

1).
The Dutch Hunger Winter provided valuable investigation into the developmental origin of adult diseases name three adverse conditions the population was subjected.  Which of those three proved to be a limiting factor?  Name two chronic health condition they found in this population?

2) 
Offspring of rats that are under nourished during pregnancy and lactation have a higher incidence of high blood pressure, diabetes, obesity and altered sexual function? T/F

3) 
Administration of glucocorticoids to fetal sheep decrease thyroid activity?

4) 
What is PEPCK under what condition do you see an increase?

Answers

1) 
Extreme cold, mental stress and low nutrition.


Low nutrition


Diabetes and obesity

2). 
True

3). 
Increase

4) 
PEPCK (phosphenolpyruvate carboxykinase) found in liver.   It is a glucoconeogenic enzyme that is elevated in the face of decreased glucose availability

