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Abstract-The perinatal development of the esterases of rat liver and kidney was 
examined quantitatively by pH-stat titrimetric analysis and qualitatively by starch gel 
electrophoresis. Low aliesrerase activity was found in prenatal tissues. At birth, the renal 
esterases showed a marked increase, a level 40 per cent higher than that observed in 
adult male kidney being detected at day 0. In contrast, hepatic esterase activity rose 
slowly from birth until day 14 of postnatal life when it increased rapidly, exceeding the 
adult level by 95 per cent at day 28. After the first month, the activity in both tissues 
dropped slowly to the usual adult level. Electrophoretic investigation of the perinatal 
development of hepatic and renal esterases showed that the increased enzyme activity 
was predominantly of microsomal origin. 

THE PERINATAL period of the mammal is characterized by marked biochemical 
fluctuations which reflect the sudden change in environment and the rapid growth of 
this period.1 A widely used biochemical parameter to investigate changes in the 
perinatal period is the enzymatic development of the individual.2 The implications of 
developmental biochemistry in pharmacology can be appreciated when one considers 
the role of enzymes in the process of drug metabolism and, hence, the overall pharma- 
cological response to a drug. The perinatal individual generally lacks the full enzymatic 
constitution of the adult and will respond differently to a drug.sp 4 The carboxylesterases 
may constitute one such group of enzymes which are involved in the metabolism of a 
variety of ester-type drugs.5 Quantitative and qualitative techniques were used to 
study the perinatal development of the liver and kidney esterases of the rat, a 
laboratory animal commonly employed in pharmacological investigations. 

METHODS 

In order to examine the ontogenesis of rat hepatic and renal esterases, it was 
necessary to obtain tissue samples from animals at known stages of development. For 
this purpose, two female and one male adult Wistar rats were placed together in cages 
and daily vaginal smears were taken and stained with Rose Bengal as described by 
Herman and Madden.6 The day of finding sperm cells in the vaginal smear was desig- 
nated as day 0 of pregnancy. Considering the gestation period of the rat as being 21 
days, it was possible to obtain foeti at various stages of prenatal development. 

* The work reported in this paper formed part of a thesis submitted in partial fulfilment of the 
requirements for the degree of Master of Science, University of Guelph, April, 1967. 

t Present address: Pharmacology Division, Research Laboratories, Food and Drug Directorate, 
Tunney’s Pasture, Ottawa, Canada. 
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Following decapitation of the pregnant females, the foeti were removed from the 
uterus, killed by decapitation and the livers and kidneys were removed. In the case of 
postnatal animais, the pregnant females were allowed to give birth normally and 
infants were killed at selected stages up to 1 

RESULTS 

Figure 1 is a graphical representation of the results of quantitative titrimetric 
analyses of the liver and kidney esterases activity during perinatal develupmeni 
expressed as a per cent of the activity in the adult tissue. Esterase activity in the 
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prenatal liver and kidney was only a fraction of that in adult tissue. The levels began to 
diverge at - 1 day, the activity in renal tissue showing a distinct rise while the hepatic 
activity remained at a relatively low level. At birth, the total esterase activity of the 
kidney showed a marked increase, surpassing that of adult tissue by some 40 per cent. 

AGE (in days) 

FIG. 1. The esterase activity of perinatal rat livers and kidneys expressed as a percentage of the 
activity found in corresponding adult tissues (A) and plotted against age in days. The esterase activity 
was determined by titrimetric assay employing a-naphthyl acetate as the substrate. Each point 

represents the mean of three or four different samples, 

Fluctuations occurred in the esterase activity of the kidney throughout the first month 
of life but the activity was always greater than that found in adult tissue. Liver 
esterase activity showed a gradual increase, reaching a level of 60 per cent of the usual 
adult level by the second week. During the third and fourth weeks there was a rapid 
increase in hepatic activity, a level 75 per cent greater than the adult level being 
attained by the end of the third week. A peak of activity in both tissues was reached at 
4 weeks of age and immediately began to descend to the normal adult level. 

Figure 2 is a schematic diagram of a starch gel electropherogram of adult rat liver 
showing the subcellular localization of the esterases in the mitochondrial (Mt), 
microsomal (MC) and supernatant (S) fractions as determined in an earlier report.12 
The bands, marked according to the convention suggested by Webb,ls are shown to 
facilitate an unders~nd~g of the results below. The majority of the esterase activity 
was localized in the microsomal fraction, this fraction being composed of the slower 
migrating bands (bands 5-13). The esterases in the supernatant fraction comprised the 

BP 4P 
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rapidly migrating bands (bands l-4) as well as some activity in bands 8 and 9. These 
slow bands, as well as those present in the mitochondrial fraction (bands g-11), 
probably represent microsomal contamination of these fractions. 
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FIG. 2. The subcellular distribution of the esterase activity in the mitochondrial (Mt), microsomal (MC) 
and soluble (S) fractions of adult male rat liver prepared by differential centrifugation in 0.25 M 
sucrose.ls E represents the pattern of the supematant of a homogenate centrifuged at 14,500g for 1 hr. 

Enzymatic activity was detected by the substrate a-naphthyl acetate. 

Figure 3A shows the electrophoretic patterns of the liver esterases from pre- and 
early postnatal animals when compared with the adult. There were few bands of 
esterase activity in the prenatal liver. Those present were of the slow-migrating type, 
although one rapidly migrating band was seen in the -2-days liver. By day 1 of post- 
natal life, some additional bands of the slow-migration type (bands 9-11) were 
observed, with an increase in the number and intensity of bands in the rapid-migration 
area (bands 2-8). There was increased activity at 2 and 3 days of postnatal life but the 
total activity of the bands, particularly in the microsomal region, was much less than 
that of the adult pattern. Figure 3B shows the pre- and early postnatal electrophoretic 
patterns of kidney esterases. In contrast to the liver, there was considerable esterase 
activity 2 days before birth, this increasing in a step-wise fashion with increasing age 
until at birth, the esterase activity, particularly in the microsomal region, was greater 
than that of adult tissue (A). There was a progression in the amount of activity with 
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increasing age. The supernatant bands did not show the distinct resolution of the adult 
tissue, although there was esterase activity in this region. 

Figure 4A shows liver esterase activity in pre- and late postnatal tissue, the postnatal 
period in these gels covering the first month of life. By 8 days after birth, an increase 
in the amount of hepatic microsomal esterase activity was detected (Fig. 4A). Also, 
the cell sap bands were of increased resolution and intensity. The same general pattern 
was observed at 45 days after birth; however, band 1 was observed to be markedly 
increased in intensity. At 24 and 31 days after birth both the microsomal and cell sap 
bands showed intense activity, surpassing the amount of activity seen in adult liver (A). 
Band 1 showed marked activity in these tissues as compared to the adult where it was 
virtually nonexistent. Figure 4B shows kidney esterase patterns over a similar period 
of time as in Fig. 4A. The initial high amount of esterase activity at birth was main- 
tained or increased throughout the first month of life. However, increasing age led to 
less intense activity in the microsomal region. Coincident with this, the supernatant 
fraction bands began to show more distinct resolution and greater intensity, this 
being particularly noticeable in band 1. 

DISCUSSION 

The results of the present study indicate that the esterase activity of the perinatal rat 
liver and kidney is but another example of the marked enzymatic changes which 
characterize this period of development. ~2 The esterase activity in both liver and 
kidney was low in the prenatal animals, these results being in agreement with histo- 
chemical studies of esterase activity in embryonic tissues.l4*15 Other workers have 
reported on the gradual increase of esterase activity with increasing age, Read et al.16 
reporting over thirteen times as much liver carboxylesterase in the adult female as in 
the newborn animal. Blanc0 and Zinkham have shown a gradual increase of esterase 
activity in various human tissues during development.17 

Somewhat surprising was the marked increase in kidney esterase activity at birth 
compared to the slow increase in liver esterase activity from birth until between the 
second and third weeks of postnatal life when it also exceeded the adult level. At 
1 month of age, both hepatic and renal activity was higher than that of adult tissues. 
Other workers have described this phenomenon of higher esterase activity in immature 
as compared to adult tissues. l7,1* The electrophoretic results differ from those of Paul 
and Fottrellls who found no differences in the esterase patterns of immature and 
adult tissues. Whereas Read et al.16 observed little esterase activity following electro- 
phoresis of newborn rat liver extracts, the present results showed bands of esterases to 
be present in the newborn and as early as 3 days before birth. 

An earlier study showed the bands of renal and hepatic esterases to be electro- 
phoretically similar and to have similar substrate specificity and inhibitor sensitivity.7 
The subcellular localization was also similar and showed that the esterases were pre- 
dominantly of microsomal origin. l2 Bands of the slowly migrating group (Fig. 2. 
bands 9-13) were definitely microsomal in origin while certain bands of the rapidly 
migrating group (Fig. 2, bands 14) may be soluble enzymes. A comparison of the 
electropherograms of esterase patterns from tissues at different stages of development 
showed marked differences between adult and immature animals. In the pre- and early 



920 W.S.SCHWARK~~~D.J.ECOBICHON 

postnatal liver there was a relative absence of activity in the slow (microsomal) region 
of the gel. This is in agreement with the known lack of endoplasmic reticulum, 
particularly the smooth variety, in the immature liver ce11.20-22 The marked increase in 
activity in this region at 3 weeks of age may reflect the rapid proliferation of the 
endoplasmic reticulum at this time or the activation of the esterases contained 
therein. 

In contrast to the liver, the present observations indicate that the microsomal 
esterases of kidney are already present as early as 3 days before birth, with a rapid 
increase occurring in the immediate postnatal period. Increasing age led to more 
intense activity in the slow (microsomal) region of the gel. While no references could 
be found on ultrastructural changes in the perinatal kidney, endoplasmic reticulum 
and consequently esterase activity may develop at an earlier stage in kidney than in 
liver. 

The difference in the rate of esterase development in the perinatal rat liver and 
kidney correlates remarkably well with what is known about the function and gross 
development of these tissues. The neonatal animal must have functional kidneys 
within a relatively short time of birth but does not need a highly functional liver since 
it is relying on the mother for nutrients which can be utilized easily. Oliver et a1.23 have 
shown that, while the rat doubles its body weight in the first 10 days of life, the liver 
weight increases only slightly. Examination of neonatal rats readily shows a more 
rapid growth of renal tissue in the first week of development. 

Considering the reputed role of the esterases in metabolizing drugs with ester- 
linkages,5 the present results should explain the altered sensitivity of newborn rats to 
these compounds. Few studies on the sensitivity of newborn animals to ester-type 
drugs have been performed. Read et aI. speculated that young rats with low esterase 
levels should be more susceptible to organophosphate insecticides than older animals. 
Brodeur and DuBois24 compared the acute toxicity of certain anticholinesterase 
insecticides in weanling and adult Holtzman rats, finding the younger animals to be 
more sensitive to the compounds. According to the present results, however, weanling 
rats (approx. 3 weeks old) have greater liver and kidney esterase activity than com- 
parable adult tissues and would be expected to show a greater resistance on this basis. 
However, other factors such as differences in the rate of absorption, distribution, 
excretion and in the sensitivity of receptors may also have some effect on the final 
response.25 Furthermore, strain differences (Wistar rats were used in the present study) 
may account for this discrepancy. More recently, Brodeur and DuBois26 have 
described the development of malathionase, a form of carboxylesterase, in neonatal 
rat liver as a determining factor of malathion toxicity. In agreement with the present 
results, low enzyme activity was found in the immediate neonatal period with a 
gradual increase as age progressed. Since a variety of other ester-type drugs such as 
atropine and acetylsalicylic acid have been found to be very toxic to newborn ani- 
mals,273es the low liver esterase activity in newborn animals could, at least in part, 
account for this observation. 

Although the liver is usually considered the important organ with regard to drug 
metabolism,29 the kidney may also have some importance in this respect. Regarding 
the dichotomy between liver and kidney esterase ontogenesis, perhaps the high 
activity in kidney immediately at birth could provide a protective mechanism in the 
neonatal individual by off-setting the low activity in the liver of early postnatal rats. 
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