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Abstract. With levels of medicine and pharmacology individualization constantly increasing, the scientific commu-
nity is becoming seriously concerned about the safety of existing and developing drugs for the pediatric population 
insufficient assessment. The aim of this review is to analyze the main problems arising in the development and pre-
clinical evaluation of drugs for children and adolescents, taking into account their age-related physiological and bio-
chemical characteristics, as well as the selection of adequate juvenile experimental models among various animal 
species. 
Juvenile animal studies planning should be based on the specific age group of the pediatric population for which a 
specific drug is being developed. They cannot be conducted using standardized research protocols and require an 
individual approach in each specific case. Their design should include the study of drug effects at all ontogenesis 
stages, without exception, that correspond to the growth and development of the relevant pediatric population. Also 
fundamental are the correct choice of animal species, based on its sensitivity to the effects of the drug, the availabil-
ity of relevant data from preclinical studies on adult animals and the planned procedures and types of studies, some 
of which can only be carried out on certain animal species. Pathologists should be able to compare tissue structures 
in parallel in an experiment, both normal and drug-treated, at all stages of ontogenesis, and have access to as many 
reference and image databases as possible. All of the above requirements are the minimum to ensure adequate sup-
port for clinical trials in the pediatric population. 
Keywords: juvenile animals’ studies; ontogenesis stages; choice of animal species; safety; drug effects; pediatric 
population 
 

Introduction 

The individualization of modern medicine and 
pharmacology requires maximum consideration of the 
age, physiological, and biochemical characteristics of 
each individual patient. New treatment regimens, new 
drug combinations, and new dosage forms are con-
stantly being developed. However, all of this primarily 
applies to the adult patient population [1–3]. Other 
specific groups remain under the spotlight, especially 
for new drug developers. This applies to both the geri-
atric population and children and adolescents. The is-
sue is particularly pressing when it comes to develop-
ing medications for young, growing and developing 
individuals. 

This situation is largely due to the fact that for a 
long time, insufficient attention was paid to the specif-
ic therapeutic and toxic effects of drugs in growing and 
developing organisms. There was no active search for 
adequate experimental models, and even when studies 
were conducted on juvenile animals, there was insuffi-
cient scientific evidence to demonstrate that this juve-

nile experimental model accurately corresponds to the 
age characteristics of the intended pediatric patient 
population [4]. 

In recent decades, however, awareness of the 
scale of this problem has gradually begun to emerge. 
The scientific community is seriously concerned about 
the safety of existing and developing pediatric medica-
tions due to insufficient assessment of their effects in 
relation to age-related physiological and biochemical 
characteristics. 

This, in turn, has fueled growing interest in con-
ducting pharmacological and toxicological studies on 
young animals at an appropriate scientific level. One 
step in this direction is the development and imple-
mentation of specific pediatric legislation in the United 
States of America (US) and the European Union (EU) 
[5–7], which imposes specific requirements on the de-
velopment of pediatric medications and the evaluation 
of their efficacy and safety. 

Despite these measures, the scientific community 
has not yet reached a consensus on the specifics of 
such studies, their significance and scientific value, or 
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the situations requiring their mandatory implementa-
tion, and the debate is still active. Data accumulated 
over recent decades allows us to identify several key 
areas in this debate.  

The aim of this review is to analyze the main 
problems arising in the development and preclinical 
evaluation of drugs for children and adolescents,  
taking into account their age-related physiological and 
biochemical characteristics, as well as the selection of 
adequate juvenile experimental models among various 
animal species. 

Approaches to medicines’ doses determina-
tion for pediatric use 

The understanding that children are not minia-
ture adults and require fundamentally different ap-
proaches to treatment, drug dosing regimens and dos-
age forms choices came to clinicians and pharmacolo-
gists more than 100 years ago [8]. As our knowledge 
of human growth and development continues to ex-
pand, so does our understanding of how the body re-
sponds to medications at different stages of its devel-
opment. Accordingly, there is a need for age-
appropriate adjustments to drug dosages.  

Gradually, a new direction in pharmacological 
sciences has emerged – developmental pharmacology. 
Before its approaches were incorporated into the de-
cision–making processes of clinicians and therapists, 
there were many ways to medicines doses determina-
tion for pediatric use (Young's rule, Clark's rule, etc.), 
which were based on either discrete age points or on 
assuming the presence of linear relationships between 
mass and body surface area in infants, children, ado-
lescents and adults [9–11]. 

However, the increase in human body size during 
its development from a newborn to an adult is not a 
linear process. Changes in the structure and functions 
of the entire body and its individual organs caused by 
growth and development are very dynamic and not 
always mutually coordinated during the first ten years 
of life. This circumstance determines the inadmissibil-
ity of using simplified (without individualization) ap-
proaches to medicines’ dose determination through-
out the entire period of childhood [12]. 

The use of formulas for drug dose calculation for 
a certain body weight or body surface area is accepta-
ble only for the therapy initiation, but is completely in-
sufficient for long–term treatment since maintenance 
therapy must be individualized taking into account 
pharmacokinetic or pharmacodynamic data, or both. 
Thus, only taking into account the role of ontogenesis 
stages in the implementation of drug action allows us 
to develop the basis for its safe and effective therapy 
for children. 

During the process of absorption, a medicinal 
product passes through chemical, physical, mechanical 

and biological barriers of absorbent surfaces (gastro-
intestinal tract, skin, lungs and bronchi). Ontogenetic 
changes in their structure can significantly change a 
drug's degree of bioavailability and the rate of adsorp-
tion. 

For example, in newborns, the intragastric pH is 
increased [13, 14]. Therefore, when taking orally such 
acid–labile drugs, as penicillin G, their bioavailability 
in newborns will be significantly higher than in older 
children [15]. 

Insufficient production and transport of bile ac-
ids and their salts into the intestinal lumen in children 
reduces their ability to dissolve and then absorb lipo-
philic drugs [16, 17]. 

A systematic study of the ontogenetic changes 
development effects on drug absorption and bioavail-
ability in infants and children has been conducted by 
several groups of scientists, who studied the absorp-
tion of phenobarbital, sulfonamides, digoxin, arabi-
nose and xylose [18]. It was shown that compounds 
passive and active transport processes begin to func-
tion fully in infants at about four months [18]. Most 
drugs are absorbed in newborns and young infants 
much more slowly than in older children. Accordingly, 
the time to reach maximum drug levels in the blood 
plasma is much longer in newborns and younger chil-
dren. 

From birth, the intestinal surface area and aver-
age intestinal length (as a percentage of adult values) 
decrease [19]. In addition, changes in blood flow in the 
child's organs during the first weeks of life can affect 
the rate of transport along the concentration gradient 
across the intestinal mucosa [20–22]. In infants and 
children, the activity of the drug-metabolizing en-
zymes epoxide hydrolase and glutathione peroxidase 
depends slightly on age [23], the activity of cyto-
chrome P-450 1A1 (CYP1A1) increases during onto-
genesis [24], and the activity of glutathione–S–
transferase decreases [25]. Intestinal microflora also 
changes depending on age [26]. 

The thinner stratum corneum, the more intense 
cutaneous perfusion and the greater hydration of the 
epidermis in infants (compared to adults) increase 
transcutaneous absorption of drugs (corticosteroids, 
antihistamines and antiseptics) [27–29]. The use of in-
sufficiently individualized doses in this case can cause 
toxic effects [10, 30, 31]. 

The distribution of drugs is influenced by the rel-
atively large extracellular and water spaces of the in-
fant body (compared to adults), the higher water–to–
lipid ratio, the composition and amount of circulating 
plasma (albumin, alpha-1-acid glycoprotein, fetal al-
bumin) and transport proteins (P-glycoprotein), vari-
ability in regional blood flow, organ perfusion, cell 
membrane permeability, changes in acid-base balance 
and cardiac output [32–37].  

The  activity  of   drugs-metabolizing  enzymes  i
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the processes of xenobiotics biotransformation at 
phase I (oxidation) and phase II (conjugation) reaches 
optimal values much later than birth [38, 39].  Insuffi-
ciently intensive biotransformation of chlorampheni-
col in newborns leads to the development of toxic 
phenomena (cardiovascular collapse) [40, 41]. Taking 
into account age–related features of infants’ metabo-
lism is vitally important when determining dosage 
regimens for morphine, captopril, methylxanthines, 
nafcillin, and third–generation cephalosporins. 

Full renal function development in children is a 
long process. After birth, child’s glomerular filtration 
rate and tubular secretion constantly increase until 
reaching adult values (approximately by the age of 1 
year) [42, 43]. Any delays or deviations in the devel-
opment of renal function in infants seriously impair 
the plasma clearance of drugs excreted from the body 
through these organs (for example, ceftazidime, to-
bramycin and famotidine) [43–45].    

Pharmacokinetic data indicate a clear correlation 
between the plasma clearance of such drugs and 
changes in renal function during ontogenesis. Failure 
to adjust the dosage regimens of aminoglycosides tak-
ing into account the ontogenesis of renal function 
leads to the development of these preparations’ toxic 
effects [7, 10, 11, 46]. And more over, the use of a 
combination of indomethacin with betamethasone in 
newborns generally disrupts the processes of normal 
renal maturation [47].   

Ontogenesis significantly affects the medicines’ 
pharmacodynamics, in particular interaction process-
es between drug molecules and the corresponding re-
ceptors, changing both the action of the preparation it-
self and the body's response to it. Examples of such an 
effect include warfarin [48], cyclosporine [49], mid-
azolam [50, 51].  

A number of diseases can aggravate age differ-
ences in drugs effects [52, 53]. For example, valproic 
acid hepatotoxicity increases sharply in toddlers with 
convulsive syndrome [54]. Prematurity, accompanied 
by motilin receptors impaired expression and peri-
stalsis violations, leads to a pronounced prokinetic ef-
fect of erythromycin in such children [55]. 

Thus, developmental physiological changes are 
accompanied by multiple age–dependent changes in 
the processes of drug absorption, distribution, metab-
olism and excretion [7, 10, 11]. Altered pharmacoki-
netics determines the need for dosages individualiza-
tion depending on age. The insufficiency of our current 
data on age–related features of the drugs metabolizing 
hepatic and extrahepatic enzymes functioning, on drug 
transporting proteins expression, on other factors af-
fecting the drug’s bioavailability, does not allow us to 
develop any general formulas for dosage and allome-
tric scaling [56].   

Advances in pediatric clinical pharmacology over 
the past decades, driven by a deeper understanding of 

the ontogenesis influence on the drug’s pharmacoki-
netics and pharmacodynamics, put forward new re-
quirements for preclinical studies of preparations in-
tended for the pediatric population. 

Juvenile preclinical studies 

Preclinical data on juvenile animals are neces-
sary to obtan information on the possibility of a par-
ticular drug use in pediatric populations [7, 10, 11]. At 
the same time, an important circumstance is that, un-
like adult animals, in juvenile and, in particular, new-
born animals, the main parameters of pharmacokinet-
ics and pharmacodynamics may differ significantly in 
immature and developing organs. 

Conducting such studies of drug efficacy, safety, 
and toxicity in juvenile animals’ experimental models 
presents a number of conceptual and logistical chal-
lenges. The development of a young animal is continu-
ous, but different organs mature and begin to normally 
function at different rates and over different time pe-
riods. These differences in structural and functional 
maturation alter the pharmacokinetic and pharmaco-
dynamic profiles of drugs. 

This is especially important to consider when 
conducting preclinical toxicity studies on juvenile an-
imals, since toxic effects are more likely to manifest in 
tissues just in the postnatal period. In particular, the 
degree of structural and functional maturity of the liv-
er and kidneys (excretory organs) has a decisive effect 
on drug pharmacokinetics, in particular on the pro-
cesses of their distribution in tissues and organs. The 
most significant changes are recorded during the first 
days or months of a newborn animal’s life.  

At present, there is insufficient data on the rela-
tionship between ontogenesis and drugs’ pharmaco-
dynamics in juvenile animals, especially regarding the 
sensitivity of maturing tissues/organs to the medi-
cines’ actions, and all of them are fragmentary. It is al-
so important to note that various pathological condi-
tions of a juvenile organism can change the pharmaco-
kinetic and pharmacodynamic profiles of the drug dif-
ferently than in adult animals, which creates addition-
al potential for the toxic effects development. 

The design of a preclinical study of the drug effi-
cacy, safety, and toxicity in juvenile animals is primari-
ly influenced by the available preliminary data on this 
compound’s mechanism of action, its metabolic pro-
file, receptor–ligand interactions, available experi-
mental animal species sensitivity to it, the intended 
pediatric population, routes and timing of administra-
tion. 

It is important to select the correct juvenile spe-
cies and experimental group size, as there may be 
great variation between litters due to juveniles' physi-
cal and behavioral variability. These parameters are 
critical  to  ensure  the  experimental  design  adequacy
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and the obtained results validity. 

The nature of the drugs being studied also has a  
significant impact on the design of the study. In partic-
ular, the study of biotechnological drugs (monoclonal 
antibodies, vaccines, hormones, allergens, antitoxins, 
blood–derived preparations, etc.) involves particular 
difficulties in their testing due to the variability of 
their structure and biological properties, strict species 
specificity and immunogenicity. In this case, juvenile 
animals of a species for which the pharmacological 
relevance and cross–reactivity of a given biological 
molecule have been previously established are select-
ed as an experimental model. In them, this drug should 
act on the same targets as in humans, causing similar 
pharmacological effects in vitro or in vivo, and its ef-
fects should be comparable between the experimental 
species and humans. In practice, this means that bio-
logics preclinical testing on juvenile animals is often 
limited to the experimental model of infant non–
human primates (NHPs). 

The choice of the most suitable juvenile animal 
species is determined by preliminary pharmacology 
data, PK/ADME profile, species used in preclinical 
studies on adult animals, information on target organs 
in adult animals, and the level of financial costs. 

Therefore, it is not surprising, that rodents are 
the most often used species in juvenile animal studies 
(more than 70% of the total number of juvenile ani-
mals’ studies), which are distinguished by their well–
studied ontogenesis and high fertility [7, 10, 11, 57, 
58]. Among rodents, the most common model is the 
rat, whose offspring, due to their size, are more con-
venient for work compared to the offspring of a mouse 
[7, 10, 11, 57, 58]. 

Six times less often, preclinical studies on juve-
nile animals are conducted using dog puppies –  
9% – 12% of the total number of studies on juvenile 
animals [7, 10, 11, 57, 58]. Dogs belong to well–
characterized nonrodent species with longer (in com-

parison with rodents) gestation length (ca. 63 days) 
[54, 55]. The advantage of conducting studies on pup-
pies is that very often preliminary data on adults al-
ready exists. 

Non-human primates are used in only 2% – 4% 
of the total number of studies on juvenile animals. 
These are mainly, as noted above, cases of studying 
drugs of biological origin [7, 10, 11, 57, 58].  

Experiments on mini-piglets account for only 
1% – 2% of all studies on juvenile animals [7, 10, 11, 
57, 58]. These piglets are more developed at birth than 
juvenile animals of other commonly used species. Sig-
nificant similarities between humans and mini–pigs 
have been demonstrated in terms of skin and nasal 
cavity structure, gastrointestinal tract structure and 
functioning, cardiovascular and genitor–urinary sys-
tems, reproductive sensitivity, metabolic processes in 
general and xenobiotic metabolism in particular. In 
addition, their use is more cost–effective than sheep or 
monkeys. 

As for other types of experimental animals, such 
as rabbits and sheep, they are used the least often – in 
about 0.5% of cases [7, 10, 11, 57, 58].   

The rates of various organ systems development 
in growing animals of different species vary signifi-
cantly [10], but the general age range at the develop-
mental and growth stages is used by scientists to con-
struct a relative scale of comparison with humans. An 
example of one of these scales is presented in Table 
1[59].    

The juvenile animals of various rodent species 
mature very quickly – within days or weeks, which is 
not always convenient when studying the action of 
drugs with cumulative effect, which develops over 
time as the dose accumulates [10].  

At the same time, the juvenile animals of non–
rodent species mature much more slowly – within 
months or years, which also affects the design and 
time scale of the studies. 

 
Table 1. Interspecies comparison of age (development phase) [59] 

Species Preterm Newborn Infant Child Adolescent 

Mouse 0–4 days 0–10 days 1.5–3 weeks 3–5 weeks 5–7 weeks 

Rat 0–4 days 0–10 days 1.5–3 weeks 3–6 weeks 7–11 weeks 

Rabbit 0–4 days 0–10 days 1.5–5 weeks 5–12 weeks 3–6 months 

Pig – 0–15 days 2–4 weeks 4–14 weeks 4–6 months 

Dog – 0–21 days 3–6 weeks 6–20 weeks 5–7 months 

Monkey – 0–15 days 0.5–6 months 0.5–3 years 3–4 years 

Human – 0–28 days 1–23 months 2–12 years 12–16 years 
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However, it should be noted that these figures 
are not something definitively established and can 
vary greatly among different groups of researchers 
depending on the criteria they choose for assessing 
the degree of organism’s maturity and the genetic 
characteristics of the specific lines or breeds of exper-
imental animals they use [60–63]. 

For example, if a drug affecting the nervous sys-
tem is to be studied, then the key parameter in deter-
mining the comparative ages of experimental animals 
will be the parameters of the development of the cen-
tral nervous system (CNS) [10, 62, 63]. 

Approximately the same time periods were ob-
tained by scientists when using indicators of repro-
ductive system development as key parameters in de-
termining the comparative ages of experimental ani-
mals [10, 62]. 

In general, except for primates and humans, ju-
venile animals of all other species reach sexual maturi-
ty over a period that is approximately 10% of their to-
tal lifespan. Thus, reaching sexual maturity in a rat 
takes 5% of its total lifespan, in a mouse this parame-
ter is 4.5%, in humans – 14%, in a cow – 9%, in pri-
mates – 13%, in sheep – 3%, in rabbits – 7%, in horses 
– 6%, in cats – 5, in dogs – 6.5% [64]. 

The formation of the skeletal–muscular system of 
the body lasts much longer. Thus, the closure of the 
epiphysis growth plates in a rat occurs after about 
28% of the lifespan, in a mouse this parameter is 22%, 
in a human – 21%, in a cow – 16%, in primates – 15%, 
in sheep – 9%, in a rabbit – 7.5%, in a horse – 6.2%, in 
cats – 6.5%, in dogs – 6% [64]. 

Systemic exposures are the most relevant for as-
sessing drugs effectiveness, safety and toxicity in juve-
nile preclinical studies. It must be noted, that there are 
a number of pharmacokinetic intervals (with different 
dose levels) corresponding with different ages and 
maturity of ADME components throughout the entire 
period of juvenile study. Pharmacokinetic parameters 
are very useful to make comparisons across ages and 
between species, as well as for characterizing plasma 

levels of investigated compound, and all its metabolic 
derivatives. Obtained results allow to detect any selec-
tive functional/developmental changes or to demon-
strate levels of internal exposures when changes actu-
ally happen in juvenile animals comparing to adults.  

The young animals’ body sizes impose certain 
technical limitations when conducting juvenile phar-
macology studies. The start of dosing in young animals 
varies greatly depending on the species and the route 
of administration [11, 61, 65]. Oral gavage to young 
rats, dogs, and minipigs could be started on the first 
postnatal day while to mice it becomes possible on the 
4th and to rabbits – even on the 14th  postnatal day. 
Subcutaneous and intramuscular administrations may 
be started at the first postnatal day in the case of 
young mice, rats, dogs, and minipigs while for rabbits 
it becomes possible at the 6th postnatal day. Intrave-
nous infusion, inhalation into the nose, and dermal 
applications start in young mice and rats on the 21st 
postnatal day while in rabbits it becomes possible on 
the 28th postnatal day. Inhalation in special inhalation 
chambers (whole body) could be started on the second 
postnatal day to minipigs, to mice and rats – on the 
4th, to rabbits – on the 6th, to dogs – on the 10th post-
natal day. 

The study design is directly dependent on the lit-
ter composition since the offspring of the same female 
(within her 1 litter) show less variation in responses 
than offspring from different females and different lit-
ters [61]. They are not "independent subjects", which 
should be taken into account when distributing such 
animals into experimental groups.  

There are various ways to overcome this. For ex-
ample, animals from each litter can be included in all 
available experimental groups or at least in some of 
the experimental groups [61]. Sometimes, one animal 
of a certain sex from each individual litter is included 
in the experimental group. There are also other ap-
proaches, each of which has its disadvantages and ad-
vantages [61].  

 
Table 2. Interspecies comparison of age (overall central nervous system) [62] 

Species Preterm Newborn Infant Child Adolescent 

Rat <9 days 9–10 days 10–21 days 21–45 days 45–90 days 

Pig – <2 weeks 2–4 weeks 4–14 weeks 14–26 weeks 

Dog <0,5 weeks 0,5–3 weeks 3–6 weeks 6–20 weeks 20–48 weeks 

Monkey – <0,5 months 0.5–6 months 6–36 months 36–48 months 

Human – <0,08 years 0,08–2 years 2–12 years 12–16 years 
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The most optimal approach in terms of obtaining 
statistically reliable results is the "one offspring per 
sex per litter" design, which eliminates the "litter ef-
fect" [61]. Its serious disadvantage is the need for a 
large number of potentially required litters. For an ex-
tensive preclinical pharmacological and toxicological 
study, up to 48 litters may be needed. However, a sig-
nificant number of cubs remain unused – approxi-
mately 288 cubs for a standard study, indicating the 
high cost of this approach [61].   

About the number of different species included in 
preclinical studies in juvenile animals, it is generally 
considered sufficient to select one (most appropriate 
for the study) animal species to support the develop-
ment of pediatric products [7, 66–69]. For example, at 
the FDA guidance it is directly stated that ‘‘a study in 
juveniles from one animal species may be sufficient to 
evaluate toxicity endpoints for therapeutics that are 
well characterized in both adult humans and animals.’’ 
[67] 

However, this is only true if the most suitable 
species has been selected optimally and young animals 
at the most appropriate age have been selected [66]. 
However, in reality, such situations are very rare. This 
is due to the need to simultaneously take into account 
several fundamental factors. 

A relative similarity in organs postnatal devel-
opment in children and the juvenile animals of select-
ed species must be ensured, as well as a similarity in 
tested drug main pharmacological and pharmacoki-
netic parameters in the pediatric population and in 
this species of animals [66]. At the same time, the lev-
els of sensitivity to the effects of this drug in children 
and the young of the selected species of animals must 
also be the same [66]. 

All of the above requires the creation of a unified 
database of experimental comparative interspecies 
studies of ontogenesis, especially in postnatal devel-
opment. Significant efforts in this direction have been 
made within the framework of the Health and Envi-
ronmental Sciences Institute (HESI) project [70]. 
These studies focused on rats as the most common 
and economically feasible among experimental animal 
species. 

A significant amount of data has been studied in 
detail and published by several groups of researchers 
regarding the juvenile rats heart, behavioral aspects of 
the central nervous system, postnatal growth and 
morphological development of the brain, the immune 
system, the male reproductive system, the female re-
productive system, the lung, the kidney, the gastroin-
testinal system, and bone [70–80]. 

An analysis of all the obtained results allows us 
to state that in a large number of cases, the rat can be 
regarded as a completely acceptable species, in which 
the postnatal maturation of the main organ systems 

proceeds in approximately the same order as in hu-
mans.  

However, in several situations, the use of a rat as 
an experimental animal in juvenile studies is difficult. 
For example, if preliminary studies on adult animals 
were conducted on a different experimental model. Or, 
in the case when the rat itself is not sensitive to the ac-
tion of a given substance being studied. 

Well, and of course estimation of complex neuro-
behavioral parameters must be carried out using a 
functional observational battery (FOB) such species as 
dogs or primates.  

The timeline for conducting studies in young an-
imals before initiating clinical trials in pediatric pa-
tients can vary greatly depending on the drug’s thera-
peutic indication, the planned duration of its admin-
istration in the clinic, and the age of the pediatric pop-
ulation. Most often, studies in juvenile animals are 
conducted to support testing of the drug efficacy and 
safety during long-term repeated administrations to 
children. 

Juvenile animals’ histological studies сon-
ducting  

Correct interpretation of histopathology data 
from studies on a juvenile population can be extremely 
difficult. Recognizing the normal state at each specific 
stage of ontogenesis, during the development of ani-
mal tissues at different ages, identifying the conse-
quences of the development of a particular pathology 
model against the background of ontogenetic changes, 
and identifying the negative effects of a drug under 
these same conditions requires extensive experience 
and a verified study design.  

Pathologists are well aware of the structure and 
characteristics of adult animal tissues. However, the 
tissues of a growing and developing young organism 
are very different from mature tissues of adult ani-
mals. Certain populations of proliferating cells in juve-
nile animals are particularly vulnerable at certain 
times that are not the case in adults. There are also 
many differences between the tissues of young ani-
mals of different ages. For example, the structure of rat 
liver or small intestine tissues on the 10th and 42nd 
days of postnatal development differs  
significantly [81].  

This difference is even more obvious in the case 
of the kidneys [82].  It should be noted that the pro-
cesses of kidney development in all mammals proceed 
approximately the same way. The kidney, like other 
tissues and organs of mammals, has critical periods in 
its development – the so-called "sensitive windows of 
action". Administration of drugs to juvenile animals 
during such critical periods can change the pharmaco-
logical effect of the drug, cause malformations, inhibit 
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the functional maturation of organs, and cause the ap-
pearance of signs of nephrotoxicity. 

Since the time frames of "sensitive windows of 
action" vary greatly depending on the type of animal, it 
is important to establish them and take them into ac-
count when extrapolating experimental data to hu-
mans. 

An important aspect is the fact that genetically 
determined congenital anomalies of the kidneys or 
malformations are much more common in humans 
than in laboratory animals, which necessitates the use 
in some cases of special lines of genetically modified 
animals in juvenile studies.  

For example, genetically modified mice are need-
ed to study the role of certain genes in normal and ab-
normal kidney development.  

The seriousness of the effects of drugs on kidney 
development is demonstrated by the analysis of nu-
merous preclinical studies conducted by Schreuder 
and colleagues [83]. The researchers noted that “No 
drug, in their experience, has been proven safe to use 
during renal development” [83].    

Immature rats undergo two critical periods of 
reproductive tissue formation: the first is a period of 
rapid cell proliferation, lasting from the 4th to the 
13th day of postnatal development, and the second 
period, associated with the formation of a protective 
blood–testicular barrier, lasting from the 15th to the 
20th day of postnatal development [84].  

Microscopic examination of the testicles of young 
rats showed the presence of a morphologically distinct 
primary population of gonocytes – up to the 9th day of 
postnatal development; the presence of Sertoli cell mi-
toses – up to the 18th day of postnatal development 
[80].   

In young rats, in contrast to adults, accelerated 
proliferation and differentiation of spermatogonial 
cells, a gradual increase in the number of Leydig cells, 
and increased apoptosis of spermatocytes during the 
phase of formation of the hematotesticular barrier in 
the period between the 15th and 20th days of postna-
tal development were also noted. At the same time, 
more mature types of germ cells constantly appear at 
certain postnatal periods [84]. 

The researchers found an increase in the effect of 
drugs in the periods from the 15th to the 20th day of 
postnatal development [84].  

A common design for preclinical studies in rats 
involves test drug administration from postnatal day 7 
to postnatal day 60 and performing pathological ex-
aminations at the end of the experiment. Another ap-
proach recommended specifically for the endocrine–
disrupting chemicals evaluation [85, 86] involves drug 
administration from postnatal day 23 to postnatal  
day 53.  

However, histopathological examinations at the 
end of the experiments (in fact, on animals that have 

already reached sexual maturity) do not provide any 
information about the developmental phases that 
were affected by the test substance but only allow one 
to state the presence of a particular effect. Such results 
are also of little use in extrapolating the data obtained 
to pediatric patients.  

Therefore, it is important to evaluate not only the 
overall effect of a drug on the structure and functions 
of tissues and organs of a growing and developing or-
ganism but also to pay special attention to critical pe-
riods of ontogenesis, based on preliminary infor-
mation about the mechanism of its action in adults and 
data on critical phases of development in a given type 
of experimental animal. 

To gain insight into the effects of a drug on the 
structure and functional activity of a given tissue in a 
young growing organism and to understand the trans-
lational significance of these data to a potential pediat-
ric population, targeted studies with administration of 
the compound during specific critical periods are nec-
essary. Without such studies, histopathological data in 
young rats may be misinterpreted and may not pro-
vide a reliable basis for assessing risks to  
children [82]. 

Among this, if a study on juvenile animals lasts 
long enough, then tissues from control animals of the 
corresponding age are needed to analyze the tissues of 
animals that died at certain stages of the experiment, 
which should be taken into account when developing 
the design of such studies [81]. 

The pathologist must be able to familiarize him-
self with the structure of normal tissues of young ani-
mals at all stages of their development during the ex-
periment. At the same time, he must understand that 
the rate of different tissue development is not the 
same and know the time scales of development of spe-
cific organs and their systems in ontogenesis. This is 
currently facilitated by the creation of data and images 
bases on this issue by several laboratories [81]. 

In an optimal design of a study on young animals, 
the investigators plan in advance for an additional 
group of control animals to be used for comparison at 
necropsy if any early deaths of experimental animals 
occur well before the end of the experiments. 

In addition, laboratories conducting studies on 
juvenile animals should establish and continuously 
maintain a database of information on young animals, 
especially a historical control database (body weight, 
clinical pathology, organ weight, histology) for differ-
ent experimental animal species at different stages of 
their development, from neonatal to adult. 

Conclusions 

Juvenile animal studies planning should be based 
on the specific age group of the pediatric population 
for which a specific drug is being developed. They 
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cannot be conducted using standardized research pro-
tocols and require an individual approach in each spe-
cific case. At ICH M3 guidance it is declared, that “the 
age of the trial participants in relation to the duration 
of the clinical study (i.e., the fraction of a developmen-
tal period of concern during which clinical study par-
ticipants are exposed) is among the most important 
considerations”. 

Their design should include the study of drug ef-
fects at all ontogenesis stages, without exception, that 
correspond to the growth and development of the rel-
evant pediatric population. Also fundamental are the 
correct choice of animal species, based on its sensitivi-
ty to the effects of the drug, the availability of relevant 
data from preclinical studies on adult animals and the 
planned procedures and types of studies, some of 

which   can   only   be   carried   out  on  certain   animal 
species.  

Pathologists should be able to compare tissue 
structures in parallel in an experiment, both normal 
and drug-treated, at all stages of ontogenesis, and have 
access to as many reference and image databases as 
possible.  

All of the above requirements are the minimum 
to ensure adequate support for clinical trials in the 
pediatric population. 
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СПЕЦИФІКА ФАРМАКОЛОГІЧНИХ ТА ТОКСИКОЛОГІЧНИХ ДОСЛІДЖЕНЬ НА МОЛОДЯЧИХ ТВАРИНАХ 

 
Анотація. Оскільки рівень індивідуалізації медицини та фармакології постійно зростає, наукове співтовариство стає серйозно 
занепокоєним недостатньою оцінкою безпеки існуючих і розроблюваних ліків для педіатричної популяції. Метою цього огляду є 
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аналіз основних проблем, що виникають під час розробки та доклінічної оцінки лікарських засобів для дітей та підлітків, з 
урахуванням їхніх вікових фізіологічних та біохімічних характеристик, а також при виборі адекватних ювенільних експеримен-
тальних моделей серед різних видів тварин. Планування досліджень на молодих тваринах має базуватися на конкретній віковій 
групі дитячого населення, для якої розробляється конкретний препарат. Вони не можуть проводитися за стандартизованими 
протоколами досліджень і вимагають індивідуального підходу в кожному конкретному випадку. Їх дизайн повинен включати до-
слідження дії лікарських засобів на всіх без винятку етапах онтогенезу, які відповідають росту та розвитку відповідної дитячої 
популяції. Також фундаментальними є правильний вибір виду тварини, заснований на його чутливості до дії препарату, наяв-
ності відповідних даних доклінічних досліджень на дорослих тваринах і запланованих процедурах і типах досліджень, деякі з 
яких можуть бути проведені тільки на певних видах тварин. Патологоанатоми повинні мати можливість паралельно порівнювати 
тканинні структури в експерименті, як контрольних тварин, так і тварин із введенням лікарського засобу, на всіх етапах онтоге-
незу, і мати доступ до якомога більшої кількості довідкових баз даних і баз даних зображень. Усі вищезазначені вимоги є 
мінімальними для забезпечення адекватної підтримки клінічних випробувань у педіатричній популяції. 
Ключові слова: дослідження на молодих тваринах; етапи онтогенезу; вибір виду тварин; безпека; дія препаратів; педіатрична 
популяція. 

 


