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ABSTRACT  

Animal experimentation helps us to understand human biology. Rodents and, in particular, rats are among the most 

common animals used in animal experiments. Reporting data on animal age, animal body weight, and animal 

postnatal developmental stages is not consistent, which can cause the failure to translate animal data to humans. 

This review summarizes age-related postnatal developmental stages in rats by addressing age-related changes in 

their body weights. The age and body weight of animals can affect drug metabolism, gene expression, metabolic 

parameters, and other dependent variables measured in animal studies. In addition, considering the age and the 

body weight of the animals is of particular importance in animal modeling of human diseases. Appropriate report-

ing of age, body weight, and the developmental stage of animals used in studies can improve animal to human 

translation. 
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INTRODUCTION 

Using animals to model human anatomy 

and physiology dates back to 600 BC 

(Ericsson et al., 2013). Animal experiments 

help us to understand human biology 

(Bahadoran et al., 2020) and are important for 

understanding the pathophysiological and 

therapeutic basis of human diseases (Flórez-

Vargas et al., 2016). The importance of ani-

mal research in biomedical sciences is evident 

when we know that about 90 % of Nobel 

Prizes in Physiology or Medicine have been 

related to research done on animals (Pasquali, 

2018). It has been estimated that more than 

115 million animals were used for research 

purposes in 2005 (Taylor et al., 2008), and the 

number is increasing (Goodman et al., 2015; 

Hudson-Shore, 2016). Rodents are the most 

common animals used in animal experimen-

tations (Kilkenny et al., 2009; Hatton et al., 

mailto:sajad.jeddi@sbmu.ac.ir
mailto:Kashfi@med.cuny.edu
http://dx.doi.org/10.17179/excli2021-4072
http://dx.doi.org/10.17179/excli2021-4072
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6867-2151
https://orcid.org/0000-0002-3911-6620
https://orcid.org/0000-0002-4060-7283


EXCLI Journal 2021;20:1431-1445 – ISSN 1611-2156 

Received: July 06, 2021, accepted: August 31, 2021, published: September 23, 2021 

 

 

1432 

2015; Jackson et al., 2017), constituting about 

80 % of experimental animals (Sengupta, 

2013). Among laboratory animals, rats are ex-

tensively used in different medical disciplines 

(Clause, 1993; Gille et al., 1994-1996), par-

ticularly in toxicology (Beckman and 

Feuston, 2003; Vidal, 2017), obesity (Reed et 

al., 2011), social stress experiments (Buwalda 

et al., 2011), osteoporosis (Yousefzadeh et al., 

2020), diabetes (Lane, 1997), and neurobiol-

ogy (Romijn et al., 1991). Of 51 known spe-

cies (Andreollo et al., 2012) and more than 

1000 known rat strains (Reed et al., 2011), 

Wistar and Sprague-Dawley rats are mostly 

used in animal studies (Andreollo et al., 

2012). 

Some evidence strongly suggests that an-

imal studies are mostly not translated to hu-

mans (Pound et al., 2004; Akhtar, 2015), with 

more than 80 % of the reported safe and ef-

fective treatments in animal studies failing to 

translate to humans (Perrin, 2014). In addition 

to the intrinsic limitations of animal models, 

poor design and reporting of animal studies 

are major causes of poor concordance be-

tween preclinical and clinical outcomes 

(Perrin, 2014; Bahadoran et al., 2020). This 

has led to a reproducibility crisis in biomedi-

cal research (Osborne et al., 2018), particu-

larly in  preclinical research using animal 

models (Collins and Tabak, 2014). The provi-

sion of basic variables including age and body 

weight of animal used is the starting point of 

enabling replication (NRC, 2011). In addi-

tion, considering the difference between ro-

dents and human timescales helps translate 

experimental treatment into clinical practice 

(Agoston, 2017). 

Body weight, age, and developmental 

stage of the animals used are characteristics 

that can affect the study’s results (Kilkenny et 

al., 2009; Jackson et al., 2017). The age and 

the body weight of the animals can affect drug 

metabolism, gene expression, metabolic pa-

rameters, and other dependent variables 

measured in animal studies (McCutcheon and 

Marinelli, 2009; Ihedioha et al., 2013; 

Jackson et al., 2017). The animal’s age plays 

an important role in modeling human dis-

eases; examples across different fields are 

presented here. If the study duration in ro-

dents takes ≥ 3 months, results can be affected 

by reproductive changes (Vidal, 2017). In ad-

dition, rats aged 6-9 months are most suitable 

for studying osteoporosis because of a stable 

level of bone turnover; however, rats aged un-

der 6 months or over 9 months are not ideal 

because of the high bone growth rate and age-

ing process respectively (Yousefzadeh et al., 

2020). In rat models of diabetes, β-cell mass 

increases almost linearly from late fetal to 

postnatal day (PND) 100 in normal Sprague-

Dawley rats (Finegood et al., 1995), and sen-

sitivity to the diabetogenic effects of strepto-

zotocin is inversely related to age in the 

Wistar rats (Masiello et al., 1979). Age-re-

lated differences in response to alcohol have 

also been reported; compared to adults, aged 

rats and humans are more sensitive to alcohol-

induced motor and cognitive impairments 

(Squeglia et al., 2014). Overlooking the age 

of the animals in design and reporting of ani-

mal studies is also a significant factor in fail-

ure in translation from animals to humans in 

neurological disorders (Sun et al., 2020). 

According to guidelines for reporting ani-

mal studies, animals' body weight and age 

need to be reported (Hooijmans et al., 2010; 

Osborne et al., 2018; Percie du Sert et al., 

2020; Nagendrababu et al., 2021). However, 

despite being available, these data frequently 

are not reported (Kilkenny et al., 2009; 

Jackson et al., 2017), which can cause failure 

to translate animal data to the human 

(Ioannidis, 2012). Of 271 papers reporting ex-

perimental results on mice, rats, and non-hu-

man primates, age and body weights of the 

animals had not been reported in 57 %, and 

54 % of papers, respectively, and 24 % of pa-

pers reported neither the age nor the body 

weight (Kilkenny et al., 2009); of 113 studies 

conducted in rats, 67.3 % did not report age, 

and 16.8 % did not report the body weights 

(Kilkenny et al., 2009). Results of a text min-

ing of over 15311 articles that used mice indi-

cate that 38.6 % of the papers did not note the 

age of the animals used. This bias varied 
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across biomedical fields, with missing infor-

mation about the age being 20.9 % in diabetes 

mellitus, 29.7 % in neurological disorders, 

30.23 % in cardiovascular diseases, 33.7 % in 

infectious diseases, 35.0 % in lung diseases, 

and 37.2 % in cancer studies (Flórez-Vargas 

et al., 2016). This reporting bias, i.e., the ab-

sence of essential results from the study 

(O'Connor and Sargeant, 2014), is mainly due 

to the fact that the potential values and effects 

of these ancillary variables on study outcomes 

are not recognized (Gaines Das, 2002; Flórez-

Vargas et al., 2016). This paper reviews age-

related postnatal developmental stages in rats 

addressing age-related changes in their body 

weights to provide a basis for better design 

and report of animal studies and help explain 

acquired data.  

 

AGE-RELATED POSTNATAL  

DEVELOPMENT IN RATS  

Rats are born after 21-22 days of gestation 

period (Romijn et al., 1991; Picut and 

Ziejewski, 2018). Rat is an altricial species 

(Henning, 1981), i.e., they are delivered in a 

very immature condition. It has been sug-

gested that at PND 12-13, the rat neocortex is 

developmentally comparable with a newborn 

human (Romijn et al., 1991). Therefore, it is 

said that rats are born at PND 7 (Nuñez et al., 

2003) or PND 12 (Quinn, 2005). In fact, PND 

1-10 in rats is comparable with 23-40 gesta-

tional weeks in humans (Semple et al., 2013). 

Postnatal development in rats can be consid-

ered from different points of view, including 

sexual maturation and nutritional behavior. 

 

Sexual development 

Sexual development in rats has five stages 

(Table 1): (1) neonatal period, (2) infantile pe-

riod, (3) juvenile period, (4) peripubertal pe-

riod (Picut and Ziejewski, 2018), and (5) ad-

olescence period (Bell, 2018).  

The neonatal period is an extension of 

gestation (Bell, 2018). In males, it is charac-

terized by small seminiferous tubules, regres-

sion of Leydig cells, and mitosis in Sertoli and 

spermatogonial cells; in addition, there are no 

spermatocytes or spermatids (Picut and 

Ziejewski, 2018). In female rats, apoptosis of 

oogonia and primordial follicles are predomi-

nant features of the neonatal period (Picut et 

al., 2015). 

The infantile period is a time of advancing 

sensory development (Bell, 2018) and is char-

acterized by proliferation of Sertoli, Leydig, 

and spermatogonial cells and not spermato-

cyte formation; at the end of this period, 

blood-testis barrier is formed (Picut and 

Ziejewski, 2018). In female rats, maturation 

of secondary and early antral follicles and the 

appearance of zona pellucida are salient fea-

tures during the infantile period (Picut et al., 

2015).  

The juvenile period is characterized by 

spermatogenesis and the beginning of spermi-

ogenesis in male rats (Picut and Ziejewski, 

2018), apoptosis of granulosa cells and the en-

largement of antral follicles in female rats 

(Picut et al., 2015).  

The peripubertal period occurs from the 

onset of puberty, where circulating gonadal 

hormones start to rise, leading to sexual/re-

productive maturation (Bell, 2018; Picut and 

Ziejewski, 2018). Puberty is the developmen-

tal stage in which sexual development is com-

pleted, and reproductive capacity or fertility is 

achieved (Ojeda et al., 1980; Vidal, 2017; 

Bell, 2018). Terminology related to puberty is 

inconsistently used (Laffan et al., 2018); in 

some publications, the term puberty is used 

synonymously with peripubertal (Laffan et 

al., 2018; Picut and Ziejewski, 2018) to stress 

the transitional nature of the pubertal period 

(Laffan et al., 2018). Sometimes, the last few 

days of the peripubertal period are considered 

as puberty (Picut and Ziejewski, 2018). Col-

lectively, puberty is a period of transition to 

sexual maturity (Laffan et al., 2018) or transi-

tion from childhood to adulthood (De Silva 

and Tschirhart, 2016). 
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Table 1: Comparable ages of the developmental stages in humans and rats 

Devel-
opmen-
tal 
stages 

  Human Rat References  

Prenatal  Gestation 
length 

 40 w 21 d Semple et al., 2013; Picut and 
Ziejewski, 2018 

Postna-
tal  

Sexual  
develop-
ment 

Neonatal 0-1 m 0-7 d Beckman and Feuston, 2003; 
Marty et al., 2003; Vidal, 2017; 
Bell, 2018; Picut and 
Ziejewski, 2018 

Infantile 1 m-2 y 7-21 d Beckman and Feuston, 2003; 
Marty et al., 2003; Vidal, 2017; 
Bell, 2018; Picut and 
Ziejewski, 2018 

Juvenile/Child-
hood 

2-11 y 21-35 d Beckman and Feuston, 2003; 
Marty et al., 2003; Bell, 2018; 
Picut and Ziejewski, 2018 

Peripubertal 11-14 y 35-55 d Bell, 2018; Picut and 
Ziejewski, 2018; Beckman and 
Feuston, 2003 

Adolescents 12-18 y 55-70 d Marty et al., 2003; Vidal, 2017; 
Bell, 2018 

Adulthood  
develop-
ment 

Emerging 
adulthood 

18-25 y 70-150 d Stanley and Shetty, 2004; 
Quinn, 2005; Bjorklund, 2015 

Young adult-
hood 

25-40 y 150-300 d Stanley and Shetty, 2004; 
Quinn, 2005; Bjorklund, 2015 

Middle adult-
hood 

40-65 y 300-600 d Stanley and Shetty, 2004; 
Quinn, 2005; Bjorklund, 2015 

Older adult-
hood 

65-75 y 600-730 d Quinn, 2005; Bjorklund, 2015 

Late adulthood 75+ y 730+ d Stanley and Shetty, 2004; 
Quinn, 2005; Bjorklund, 2015 

d, postnatal day; w, week; m, month; y, year 

 

The onset of puberty in male rats is when 

mature spermatozoa are first seen in seminif-

erous tubules (Picut and Ziejewski, 2018). 

Sometimes, puberty in male rats is defined as 

the shorter time of preputial separation (PPS), 

i.e., separation of the foreskin of the penis 

from the glans penis (Picut and Ziejewski, 

2018); PPS is an index of the onset of puberty 

in male rats (Korenbrot et al., 1977) and is the 

best external indication of the pubertal period 

in male rats (Picut and Ziejewski, 2018) (Ta-

ble 2). PPS in humans begins during late ges-

tation and completes from 9 months to 3 years 

of age (Marty et al., 2003). In female rats, the 

vaginal opening is an observable sign for the 

onset of puberty (Vidal, 2017; Laffan et al., 

2018), followed by irregular estrous cycles 

for weeks before full sexual maturity (Laffan 

et al., 2018). Time of vaginal opening is spe-

cies-dependent, and there is also individual 

difference (Rivest, 1991; Lewis et al., 2002) 

(Table 2). Vaginal opening in humans occurs 

in the prenatal period (Laffan et al., 2018). 

The end of puberty (sexual maturation) in 

male rats is when all seminiferous tubules 

have complete spermiogenesis, and mature 

spermatozoa are readily visible in the epidi-

dymis (Picut and Ziejewski, 2018) or vas def-

erens (Bell, 2018). In female rats, 4- to 5-day 

regular estrous cycles mark the completion of 

puberty (Bell, 2018).  

The period between the onset of sexual 

maturity and attainment of adult roles is 

called late adolescence, which is a time of in-

creased reward-seeking and social reorienta-
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tion; these behaviors are mediated by the mat-

uration of affective brain areas (McCutcheon 

and Marinelli, 2009; Bell, 2018).  

It should be noted that there are species 

and individual differences between 

timepoints presented for sexual development; 

this is partly due to species differences (Table 

2) and also because maturation is a continu-

ous process, “an evolution, not an event” 

(Campion et al., 2013; Picut et al., 2015). In 

addition, different endpoints may be used by 

authors for determining sexual maturity 

(Campion et al., 2013). For more details of 

puberty and sexual maturity in rats see previ-

ous reviews (Ojeda et al., 1980; Rivest, 1991; 

Blais and Rivest, 2001; Beckman and 

Feuston, 2003; Marty et al., 2003; Bonthuis et 

al., 2010; Picut and Remick, 2017; Vidal, 

2017; Bell, 2018; Laffan et al., 2018). 

Adulthood and aging 

Rodents > 60 days are considered adult 

(Hattis et al., 2005). Adulthood in rats is de-

termined according to musculoskeletal ma-

turity (Quinn, 2005), and adult life is after 

growth and physical development are com-

plete (Roe et al., 1995). However, unlike hu-

mans, bone growth never completely stops in 

rats (Simson and Gold, 1982), and there is no 

epiphyseal closure in rat’s long bones 

(Kilborn et al., 2002) and therefore tapering 

of skeletal development is considered as 

adulthood period (Quinn, 2005), which is 7-8 

months in male and female Sprague-Dawley 

rats (Quinn, 2005). In rodents, peak bone 

mass is not reached until about 26 weeks of 

age (Jackson et al., 2017). Rats are aged when 

their strain has a 50 % survival rate of about 

22-24 months and beyond (Hoyer, 1985; 

Hoyer and Betz, 1988; Stanley and Shetty, 

2004; Rao et al., 2005; Simon et al., 2010). 

Rats between 12 to 21 months are middle-

aged (Stanley and Shetty, 2004; Rao et al., 

2005), and those between 22-24 until death 

are aged. As shown in Table 1, the adulthood 

period in humans spans from emerging adult-

hood (18-25 y) to late adulthood (75 years and 

over) (Bjorklund, 2015). During different pe-

riods of adulthood, adult functioning consid-

erably changes in different domains, includ-

ing physical and mental abilities (Bjorklund, 

2015). During the adulthood period, assuming 

one human year to equal 11.8 rat days (Quinn, 

2005), comparable adulthood periods in hu-

mans (Bjorklund, 2015) were calculated for 

rats (Table 1).  

The lifespan of laboratory rats has been 

reported to be 2.5-3.5 years (average 3 years; 

compared to 80 years in humans) (Quinn, 

2005; Sengupta, 2013); it has been reported 

that longevity is higher in female Wistar rats 

(2.2-3.7 years) than male ones (1.7-3.2 years) 

(Schlettwein-Gsell, 1970; Goodrick, 1980). 

90 %, 50 % (median lifespan), and 10 % sur-

vival age in Wistar rats have been reported to 

be 1.1-1.4, 1.8-2.1, and 2.5-2.7 years in males 

and 1.0-1.6,1.9-2.3, and 2.6-2.9 years in fe-

males, respectively (Schlettwein-Gsell, 

1970). Maximum lifespan means that the last 

death should be observed in rats; lifespan up 

to approximately 4.5 years has been reported 

for male Wistar rats (Lares-Asseff et al., 

2006). 

 

 
Table 2: Age (postnatal day) at the vaginal opening (VO) and preputial separation (PPS) as indicators 
of the onset of puberty in male and female Wistar and Sprague-Dawley rats 

Process   Male  Female  Reference 

 Wistar  Sprague-
Dawley 

 Wistar  Sprague-
Dawley 

 

VO  — —  34-39 30-39  (Rivest, 1991; Lewis et al., 2002; 
Laffan et al., 2018) 

PPS  38-42 39-48  — —  (Korenbrot et al., 1977; Gaytan et 
al., 1988; Lewis et al., 2002; Tinwell 
et al., 2002; Campion et al., 2013) 

Sexual 
maturity 

 70 70  56 65  (Campion et al., 2013; Vidal, 2017; 
Laffan et al., 2018) 
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Nutritional behavior 

There are four stages describing the nutri-

tional behavior of rats (Figure 1): (1) pre-

suckling period, which is the first 6 hours af-

ter birth (Mayor and Cuezva, 1985; 

Ostadalova and Babický, 2012), (2) suckling 

period, which is exclusively maternal milk in-

take and takes until PND 16 (Henning et al., 

1979; Henning, 1981), (3) weaning, which is 

a combination of milk and solid food intake 

(Ostadalova and Babický, 2012) (PND 16-

28), and (4) solid food consumption.  

In rats, the first 6 hours after birth is called 

the pre-suckling period (Ostadalova and 

Babický, 2012). During the pre-suckling pe-

riod (also called neonatal starvation (Kuma et 

al., 2004)), transplacental nutrient supply is 

interrupted, and maternal milk nutrition is not 

yet fully developed, and thus neonates face 

severe starvation (Kuma et al., 2004; 

Ostadalova and Babický, 2012). Glucose and 

lactate derived from the liver and muscle gly-

cogen, are energy sources for pre-suckling 

newborns. Muscle glycogenolysis provides 

more contribution during the first 2 hours af-

ter birth, and liver glycogenolysis contributes 

more during 2-6 hours after birth (Mayor and 

Cuezva, 1985). Thus, during the first 2 hours 

after birth, lactate can directly be used as an 

energy source in newborn rats, particularly in 

the brain, or it may be converted to glucose 

(Mayor and Cuezva, 1985). Between 3-6-

hour after birth, liver gluconeogenesis from 

lactate increases by 2-fold and contributes to 

providing glucose as an energy source (Mayor 

and Cuezva, 1985). In addition, in the pre-

suckling period, autophagic degradation of 

proteins produces amino acids, which may be 

used as an energy source directly or converted 

to glucose in the liver (Kuma et al., 2004). 

This autophagy is transient and reaches its 

maximum levels 3-6 hours after birth (Kuma 

et al., 2004; Ostadalova and Babický, 2012).  

After the pre-suckling period, the suckling 

period (exclusively maternal milk intake) is 

initiated, and mother's milk is the only food 

consumed by the rats during the first 16 post-

natal days (Henning et al., 1979; Henning, 

1981). During the suckling period, neonates 

consume high fat, low carbohydrate diet from 

their mothers’ milk, and hepatic oxidation of 

fatty acids provides the bulk of the energy re-

quirements (Henning, 1981; Mayor and 

Cuezva, 1985). Ketone bodies produced from 

fatty acid oxidation are energy substrates for 

the extrahepatic tissues, with the glucose re-

quirements mostly covered by gluconeogene-

sis (Mayor and Cuezva, 1985).  

In Sprague-Dawley rats, weaning (transi-

tion from mother milk to independent inges-

tion of solid food and water) (Alberts, 2005) 

begins around PND 14-17 (Redman and 

Sweney, 1976; Henning et al., 1979; Henning, 

1981), gradually increases through PND 23 

and completes on PND 26 (Henning et al., 

1979) or PND 29 (Redman and Sweney, 

1976). Natural weaning occurs between PND 

14-30 in Sprague-Dawley rats (with an accel-

erated phase between PND 18-25) (Redman 

and Sweney, 1976) and between PND 14-34 

in Norway rats (Alberts, 2005). It is common 

in animal experimentation to wean (separat-

ing offspring from the dam) rats at PND 21 

(Eckstein et al., 1973; Alberts, 2005; Quinn, 

2005; Stoker et al., 2006; McCutcheon and 

Marinelli, 2009). In the weaning period, a 

change occurs from a high-fat diet to a high 

carbohydrate diet concurrent with increased 

hepatic lipogenesis and increased insulin/glu-

cagon ratio (Mayor and Cuezva, 1985). Tran-

 

Figure 1: Nutritional behavior in rats includes the pre-suckling period, suckling period, weaning, and 
solid food consumption. 
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sition to solid food is due to insufficient nutri-

tional caloric supply provided by milk for the 

growth of rats (Ostadalova and Babický, 

2012). 

 

ADDRESSING RAT DEVELOPMEN-

TAL STAGES IN THE LITERATURE  

Terminology to describe various develop-

mental milestones in rodents is not consistent 

across publications (Jackson et al., 2017; 

Picut and Ziejewski, 2018). Male Wistar rats 

at PND 28 (Kosaka et al., 1987) or 42 (Cunha 

et al., 2001), male Sprague Dawley rats at 

PND 36-37 (Ku et al., 2016), male Fisher rats 

at PND 30 (Swamy and Abraham, 1987) or 

45-60 (Delp et al., 1998), and male WKY rats 

at PND 35 (Silva et al., 2011) have been con-

sidered to be juvenil. 9-week old male Wistar 

rats (Kosaka et al., 1987), 8-week old male 

Sprague Dawley (Ku et al., 2016), 4-month 

old male Fisher rats (Swamy and Abraham, 

1987), 2-month old female Wistar rats 

(Pestronk et al., 1980), 6-week old female 

Sprague Dawley rats (Meyer et al., 2006), and 

3-6-month-old Fisher 344 rats (Delp et al., 

1998; Stanley and Shetty, 2004; Rao et al., 

2005), have been considered young adults. 

Furthermore, 7-11-month-old Fisher 344 rats 

(Stanley and Shetty, 2004), 12-month old rats 

(Hoyer, 1985), 6-month female Sprague 

Dawley (Meyer et al., 2006), and Wistar rats 

at ages 21 weeks (~5 months) and beyond 

(Wang et al., 2004) have been considered as 

adult rats. Wistar rats at age 24 months 

(Hoyer, 1985; Hoyer and Betz, 1988) and 18-

24 months (Cunha et al., 2001), Sprague 

Dawley rats at age 12 months (Meyer et al., 

2006), and Fisher rats at age 24 months (Delp 

et al., 1998; Simon et al., 2010), 22 months 

(Stanley and Shetty, 2004; Rao et al., 2005), 

and 23-28 months (Swamy and Abraham, 

1987) have been considered to be aged.  

These data highlight the inconsistencies in 

reporting the developmental stages of rats. 

The systematic review in neuroscience re-

search indicated that 42 % of studies defined 

animals as “adults,” but the papers indicate 

that the animal’s age was not within the adult 

range (McCutcheon and Marinelli, 2009). A 

suggestion is that the exact age of the studied 

animals should be reported (Jackson et al., 

2017). According to a survey collected data 

from researchers that use rodents to model hu-

man disease or physiology, rats and mice 

were primarily used at 8-12 weeks of age and 

were considered to be adults, and were used 

as such regardless of the biology being stud-

ied (Jackson et al., 2017). The definition of an 

adult was mainly related to the sexual ma-

turity of rodents, not the development of the 

system under examination (Jackson et al., 

2017). This range (8-12 weeks) encompasses 

ongoing development in some systems, e.g., 

brain development (McCutcheon and 

Marinelli, 2009), which affects the outcome 

of experiments and can lead to misinterpreta-

tion of the data obtained (Jackson et al., 

2017). For example, most humans with sepsis 

are over the age of 50, whereas most mice 

used in sepsis research are < 3 months old, 

this mismatch causes misinterpretation of the 

data obtained as the immune response to in-

fection is age-dependent (Fink, 2014; Starr 

and Saito, 2014). In addition, even though 

many neurological disorders affect the el-

derly, most studies have used young adult an-

imals, with only 2.2-10.5 % of 10,3269 ro-

dents used in neurological disorder studies in-

cluded aged rodents (Sun et al., 2020). A sys-

tematic review of animal experiments in neu-

roscience research indicates that 75 % of 

studies used young animals, 20 % used adult 

animals, and 5 % did not specify animal age, 

indicating bias towards using young animals 

(McCutcheon and Marinelli, 2009). 

 

BODY WEIGHT CHANGES IN RATS  

The Wistar and Sprague Dawley rats' birth 

weight ranges from 5-7 g (Gille et al., 1994-

1996; Tinwell et al., 2002; Alberts, 2005; 

Sengupta, 2013; Santiago et al., 2015). Body 

weight growth in rats has two stages: (1) de-

velopment to maturity in which growth rate is 

high, and all parts of the body grow, (2) post-

maturity growth in which the growth rate is 

lower than the previous stage (Pahl, 1969). 

Growth duration in male and female Wistar 
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rats has been reported to be 13.5±0.4 months 

and 19.3±0.5 months, respectively (Goodrick, 

1980). 

 

Pre-maturity growth 

During the first two months of postnatal 

life, rats' body weight changes considerably 

(McCutcheon and Marinelli, 2009), reaching 

20 g by PND 10 and 30 g by PND 15 (Alberts, 

2005). In rats, body growth is not linear dur-

ing early postnatal development (Ostadalova 

and Babický, 2012). The growth pattern is 

similar in male and female Wistar rats up to 

PND 21, and the body weights of male and 

female Wistar rats are similar before PND 26 

(Pullen, 1976). Similar results have been re-

ported in Sprague Dawley rats; body weights 

of male Sprague Dawley rats in PND 0, 7, 21 

are about 5.6, 12.5, and 38.3 g, and in female 

Sprague Dawley rats are about 5.4, 12.4, and 

37.9 g, respectively (Somm et al., 2012). In 

rats, from PND 30 onwards, the differences 

between male and female body weights stead-

ily increase (Pahl, 1969). In support, it has 

been reported that body weights in male and 

female Sprague Dawley rats are about 40-49 

g in PND 21 and 73-84 g in PND 28 that in-

creases to 200 and 322 g in male rats and 167 

and 219 g in female rats in PND 42 and 56, 

respectively (Picut et al., 2014; Turnbull et 

al., 2021). Maximum growth rates occur at 

PND 34-38 in female (3.5 g/day) and PND 

42-45 in male (5.9 g/day) rats (Pahl, 1969; 

Gille et al., 1994-1996; Watson et al., 2006).  

 

Post-maturity growth 

In male Wistar rats, initial rapid growth is 

observed before PND 60, and after that, body 

weight gain occurs at a slower rate (Novelli et 

al., 2007). Maximum body weight in male and 

female Wistar rats has been reported to be 

677.3±9.2 g and 463.3±8.6 g, respectively 

(Goodrick, 1980) and is attained by PND 100 

in males and slightly sooner in females 

(Pullen, 1976). In Alderley Park (AP) rats, 

which are Wistar-derived, about 75 % of 

growth occurs until the PND 154 to PND 168 

and the remaining 25 % until PND 560 

(Tucker, 1997). Weight gain is negligible af-

ter PND 150-170 in rats (Gille et al., 1994-

1996), and no differences are observed be-

tween the rate of body weight gain at PND 

120 and PND 150 (Novelli et al., 2007). The 

body weight of Wistar rats increased steadily 

from PND 147 to PND 553 in male rats and 

from PND 147 to PND 735 in female rats 

(Wang et al., 2004). It has also been reported 

that in male Wistar rats, body weight in-

creases up to PND 483 and has a slower rate 

of rising between PND 483 to PND 938, and 

after that, body weight starts to decrease 

(Nistiar et al., 2012). In Sprague Dawley rats, 

initial rapid growth is observed until PND 

168, after which growth continues slower un-

til 18–24 months that reach peaks (about 365 

g in female rats and 597 g in male rats). Be-

yond 24 months, the rats maintain their 

weight or reveal a modest decrease (Altun et 

al., 2007). 

 

BODY WEIGHT: HOW TO REPORT 

There is no standard guideline for report-

ing animal body weights in the literature, and 

the time interval for data analysis depends on 

the researcher's decision. It has been proposed 

that rats have a growth phase from birth until 

the end of the 14th week and, after that, have 

a maintenance phase in which the growth rate 

is lower (Hoffman et al., 2002). It has been 

suggested that during the growth phase, body 

weights should be measured every week and 

during the maintenance phase every two 

weeks (Hoffman et al., 2002). It would be bet-

ter to statistically analyze and report the data 

on body weights weekly for the first four 

weeks of the animal's age (n=4), then every 

two weeks at weeks 5, 7, 9, 11, and 13 from a 

three-week moving average (n=5); for exam-

ple, the three-week moving average at week 5 

is the average of week 5, week 4 (one week 

before), and week 6 (one week after). During 

the maintenance phase, every four weeks at 

weeks 16, 20, and 24 from a 5-week moving 

average (n=3), followed by every 14 weeks at 

weeks 33, 47, 61, 75, 89 from a 15-week mov-

ing average (n=5) and the last point is the 

midpoint from week 96 to the end of the study 
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(total n=18) (Hoffman et al., 2002). For sta-

tistical analysis, one repeated measure 

ANOVA is used for each growth phase; this 

approach decreases the number of compari-

sons and, therefore chance of making false-

positive claims (Hoffman et al., 2002). How-

ever, using the moving average as a smooth-

ing data technique has been criticized as it can 

produce spurious signals that look real 

(http://wmbriggs.com/post/195/) and are not 

suitable for statistical analyses 
(https://www.graphpad.com/guides/prism/lat-

est/curve-fit-

ting/reg_dont_fit_a_model_to_smoothed_d.htm).  

Another problem with reporting data on 

animal body weight is that in most studies, 

particularly when there is repeated measure 

data, body weights are reported in the article's 

Results section as a graph. Although it seems 

the right and appropriate way of reporting the 

data, it precludes it from entering secondary 

analysis such as meta-analyses that are in-

formative tools for translating basic sciences 

into clinical practice (Bahadoran et al., 2020). 

There are simple ways, such as using Adobe 

Photoshop software for extracting data from 

graphs (Gheibi et al., 2019), and an alternative 

suggestion is to provide such data in a Sup-

plementary Table. It has also been suggested 

that if body weight is not an intended outcome 

of the study, at least the animals' initial and 

final body weights are reported. Also, in long-

term studies, the dose of a drug used in the 

drinking water needs to be readjusted accord-

ing to the animal's body weight during the 

study period. 

 

BODY WEIGHT MEASUREMENT: 

WHAT DOES IT TELL US?  

Besides being the primary outcome in 

some studies (Wang et al., 2004), animal body 

weights are measured during in vivo animal 

studies to assess the animals' overall health 

(Hoffman et al., 2008). Body weights provide 

an objective measure of laboratory animals' 

health and/or development (Hawkins, 2002). 

Failure to maintain body weight in adults or 

failure to reach expected body weight in 

growing animals indicates abnormalities 

(Morton and Griffiths, 1985). The body 

weight of laboratory animals is an indicator of 

animal distress (Talbot et al., 2020) and is 

used as an objective sign of pain and discom-

fort (Morton and Griffiths, 1985; Baumans et 

al., 1994). In animal studies, body weight loss 

>20 % is considered severe suffering and is a 

potential parameter for human endpoint deci-

sions unless a severe outcome is predicted 

(Morton, 2000). In addition, weight loss of up 

to 20 % along with food and water consump-

tion < 40 % of normal for 72 h has been con-

sidered as a moderate sign of pain and dis-

comfort in laboratory animals and weight loss 

> 25 % along with food and water consump-

tion < 40 % of normal for seven days or ano-

rexia is a substantial sign of pain and discom-

fort in laboratory animals (Baumans et al., 

1994). 

In addition, in animal experimentations, 

some outcomes including body mass index 

(BMI), (Novelli et al., 2007) Lee index (Lee, 

1929), adiposity index (Li et al., 1997), spe-

cific rate of body mass gain (Novelli et al., 

2007), feed efficiency ratio (Hsu and Yen, 

2007; Yeon et al., 2015), and efficiency of 

food utilization (EFU) for BW (EFUBW) 

(Bernardis et al., 1982), efficiency of food uti-

lization for Lee index  (EFULee) (Bernardis et 

al., 1982), and estimated glomerular filtration 

rats (eGFR) (Besseling et al., 2021) are calcu-

lated using body weight as a variable (Table 

3). 

 

CONCLUSION  

Animal age (McCutcheon and Marinelli, 

2009) and body weight (Alfaro, 2005) should 

be reported in scientific papers that use ani-

mals for experimentations. In addition, the 

reasoning for age choice and rodent age rele-

vant to the human disease being studied needs 

to be provided in reporting animal studies. 

Such ancillary variables help improve the 

analysis and interpretation of the data, may 

lead to new hypothesis generation, offer a 

possible explanation for outliers, and prevent 

using more than the minimum number of ani-

mals needed (Gaines Das, 2002). Further-

more, better reporting of animal studies in- 

http://wmbriggs.com/post/195/
https://www.graphpad.com/guides/prism/latest/curve-fitting/reg_dont_fit_a_model_to_smoothed_d.htm
https://www.graphpad.com/guides/prism/latest/curve-fitting/reg_dont_fit_a_model_to_smoothed_d.htm
https://www.graphpad.com/guides/prism/latest/curve-fitting/reg_dont_fit_a_model_to_smoothed_d.htm
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Table 3: Some anthropometric, nutritional, and functional variables calculated in rats using body weight 
as a variable  

Parameter  Unit  Equation Reference  

Body mass 
index (BMI) 

g/cm2 
2 2

Body weight (g)

Length  (cm )
  

Novelli et al., 
2007 

Lee index  g/cm 3 Body weight  (g)

Nose to anus length (cm) 
 

Lee, 1929 

Adiposity in-
dex (AI) 

— gWAT weight + iWAT weight + pWAT weight
100

Body weight
  

Li et al., 1997 

Specific rate 
of body 
mass gain 

g/kg Final body weight (g) - initial body weight (g)

Initial body weight (kg)
 

Novelli et al., 
2007 

Feed effi-
ciency ratio 
(FER) 

— Body weight gain (g/day)
100

Food intake (g/day)
  

Hsu and Yen, 
2007; Yeon 
et al., 2015 

Efficiency of 
food utiliza-
tion for body 
weight  
(EFUBW)  

g/Kcal Weight gain (g/day)

Kilocalories eaten/day
 

Bernardis et 
al., 1982 

Efficiency of 
food utiliza-
tion for Lee 
index  
(EFULee)  

g/cm/Kcal Lee index gain per day (g/cm/day)

Kilocalories eaten/day
 

Bernardis et 
al., 1982 

Estimated 
glomerular 
filtration rats 
(eGFR) 

μL/min 0.695

Cr

0.660 0.391

Cr U

0.695

Cr

1.150 0.391

Cr U

If  P  <52 mol / L :  eGFR=880 body weight  (g)  

P ( mol / L) P  (mmol/L)

If  P  52 mol / L :  eGFR=5862 body weight  (g)  

P ( mol / L) P  (mmol/L)

 

 

  

 

   

 

 

Besseling et 
al., 2021 

gWAT, gonadal white adipose tissue; iWAT, inguinal WAT; pWAT, peritoneal WAT; PCr, plasma cre-
atinine concentration; PU, plasma urea concentration 

 

creases the integrity of animal research, en-

hancing the chance of extrapolating from ani-

mals to humans. Finally, rats are not humans 

(Cunningham, 2002) or miniature humans 

(Andreollo et al., 2012), which should be con-

sidered when translating animal data to hu-

mans. 
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