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   The developmental change of LDH isozyme pattern was studied by disc 

electrophoresis in brains from embryonic or fetal rats to adult ones. Although 

a predominance of M-subunit was evident during the prenatal period, a gradual 

increase of H-subunit was confirmed in rat fetal brains. This tendency grew 

stronger after birth. Moreover, in regard to regional difference in the LDH 

isozymic pattern of rat brains, the cerebellum showed the highest H/M ratio, 

followed by the gray matter of parietal lobe and diencephalon.

   Postnatal developmental changes of lactate dehydrogenase (LDH : EC 
1.1.1.27), malate dehydrogenase and asparate transferase in the nervous tissue of 
rats have been reviewed by Bonavita (1), and normal topochemical distribution of 
LDH isozyme in human adult brain was investigated by Gerhardt et al. (12). In 
recent years, the LDH isozyme in peri-implantation embryos of various animals was 
studied by several workers (2, 3, 9, 10). But, the continuous developmental changes 
of LDH from embryonic or fetal brains to postnatal adult ones have not been 
investigated very much. 

   This approach should be valid for LDH, of which the patterns of relative 
concentration of isozymes are specific for each tissue at each stage of development 

(16). Isozymes, which are a refined expression of the enzymatic differentiation 
of cells, may give some insight into the basic mechanism of cellular differentiation 

(17). Their analysis contributes to the knowledge of catalytic mechanisms under-
lying metabolic regulation in the cells. LDH has been one of the most extensively 
investigated enzymes in this respect. 

   It is the purpose of this study to evaluate the developmental change and 
regional differences in the LDH isozyme pattern of rat brain.

MATERIAL AND METHODS

   Adult Wistar rats, obtained commercially (Kuroda Laboratories, Kumamoto) 
weighing about 230 g were used. The rats were given laboratory chow and tap 
water ad libitum. Animals were mated overnight and the day when sperm was 
found in the vaginal smears was noted as Day 0 of gestation. At least 5 embryos 
or fetuses each on Day 10, 16, 18 and 20 of gestation were used for determin-
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ation of the developmental changes of LDH isozyme distribution. In addition, at 
least five offsprings were killed by decapitation at 1, 2 weeks, 1, 3 months and 6 
months of age. LDH isozyme distributions in rat fetuses were measured as a whole 
brain, whereas those of offsprings were taken from anatomically defined regions, 
namely the gray matter of parietal lobe, the diencephalon and the cerebellum. 
The brain tissue for LDH determination was rinsed in saline and extraneous tissue 
and blood vessels were dissected free. The tissue was then frozen and stored at 
-20°C . 

   Small blocks of brain tissue were homogenized by hand with a glass rod for 
1 min in 5 volumes of 0.9% NaCI. The homogenate was centrifuged at 3000 
rpm for 10 min, and 0.2 ml clear supernatant mixed with 0.2 ml, 40% sucrose and 
a drop of 10 mg/l bromphenol blue was used for samples. Disc electrophoresis was 
carried out in a 6 % acrylamide gel. LDH was visualized in the reaction mixtures 
described by Dietz and Lubrano (8). After fixation, relative intensity of isozymes 
was measured by Canalco-model E densitometer. 

   For analyzing the LDH isozymes, in addition to the relative percentage of M4 
and H4 fraction, the ratio of HAM subunit was calculated. This served as a con-
venient index of the degree of shift towards the type of pattern associated with 
anaerobic glycolysis (7, 19). 

    Zymograms of every group were analyzed statistically by Fisher test.

RESULTS

   1) Developmental changes in LDH isozyme pattern in prenatal rat brain 

(Figs. 1, 2, 3, Table 1) 
   A gradual increase of H-subunit during the prenatal periods was confirmed 

in normal embryos and fetuses. Although M4 activity occupied most of the LDH 
activity, a marked decrease occurred with advance of gestation days. The H4 
activity was unobservable on day 10, 12 and 14 of gestation, but although a small 
amount, a gradual increase of H4 activity was noted on day 16, 18 and 20 of ges-
tation. 
    2) Developmental changes of LDH isozyme pattern in postnatal rat brain 

(Figs. 4, 5, 6, Table 2) 
    The postnatal rat brain was examined in three different regions, namely 

cerebellum, diencephalon and cerebral gray matter of parietal lobe, which showed 
HAM ratios higher than 1.0 from an early period. The HAM ratio of cerebellum 
was consistently higher than those of diencephalon and cerebral gray matter from 
1 week after birth to adulthood. While the HAM ratio of diencephalon was higher 
than that of cerebral gray matter at 1 week of age, they were equal about 2-3 weeks 
of age and thereafter the diencephalon ratio was consistently lower than the cerebral 

gray matter ratio. Stochastically, there were no significant differences among the 
HAM ratios of three regions of rat brain at 1 week of age. 

    At 2 weeks and 1 month of age, the H /M ratio of the cerebellum was signifi-
cantly higher than that of diencephalon (P<0.05), but the H/M ratio of cerebral 
gray matter was not significantly correlated with those of diencephalon and cere-
bellum. 
    At 3 months of age, the H/ M ratio of the cerebellum was significantly higher
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FIG. 1. Developmental change of LDH zymograms in rat fetal whole brains.

FIG. 2. Developmental change of HAM ratio in rat fetal whole brains.
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than those of diencephalon and cerebral gray matter (P< 0.01). The HAM ratio 
of the cerebral gray matter was significantly higher than that of diencephalon 

(P<0.01). 
   In adult rats, the HAM ratio of the cerebellum was significantly higher than 

those of diencephalon and cerebral gray matter (P<0.001) . The HAM ratio of 
cerebral gray matter was significantly higher than that of diencephalon (P<0.05).

FIG. 3. Developmental change of relative M 1 and H4 activity in rat fetal whole brains.

TABLE 1. Developmental change of H/M ratio, relative M4 and H4 activity in rat fetal whole 
 brains. (mean+SD)
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    As shown in Fig. 6, the pattern of change of relative M4 and H4 activity between 

cerebral gray matter and diencephalon was similar, although M4 activity was higher 

than H4 activity until 1 month, when they became comparable. Thereafter the 
former was lower than the latter. On the other hand, in the cerebellum, although 

M4 activity was higher than H4 activity until 10 days of age, thereafter the former 
was lower than the latter which then occupied about half of the total LDH activity 

subsequently.

FIG. 4. Developmental change of LDH zymograms in postnatal rat brains .

Fic. 5. Developmental change in H/M ratio in postnatal rat brain.
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DISCUSSION

   LDH exists in multiple molecular forms, that is, as isozymes have been summa-
rized by Dawson et al, (7). The LDH isozymes differ from one another physically,

FIG. 6. Developmental change of relative M4 and H I activity in postnatal rat brains.



170 YUN ET AL.

chemically, immunologically and in their biological activity (16) . As reported by 
Markert and Urspring (17), LDH of heart type (H4) is strongly inhibited by excess 

pyruvate whereas the muscle type enzyme (M4) is not so strongly inhibited. This 
difference indicates that the H-subunit enzyme is geared for function in aerobic 
tissue, such as the heart and kidney, and that the M-subunit is not strictly dependent 
on aerobiosis. 

   In the present study, developmental changes of LDH isozyme distribution of 
rat brain from Day 10 of gestation to 6 months after birth were examined. During 
the prenatal period, although the predominance of M-subunit was evident, a gradual 
increase of H-subunit was confirmed in rat fetal brains. This indicated that a gradu-
al shift occurred from anaerobic glycolysis towards aerobic glycolysis. This tendency 
was also identified after birth. The major differentiation of the isozyme patterns 
occurred during the perinatal and juvenile period of rat life, that is, from fetus to 
about 2 weeks of age, which corresponds to the period when the zonation of the 
cortical plate is nearing completion and, neuronal and filial cells proliferate rapidly 

(15). 
   Engel and Petzoldt (9) studied the LDH isozyme pattern in pre-implantation 
and post-implantation embryos of the mouse, rat, guinea-pig and Syrian hamster. 
They showed that prior to implantation only H4 was present, whereas after implan-
tation only M4 was demonstrable and additional isozymes appeared subsequently. 
They demonstrated that in rodent species the total pre-implantation LDH activity 
was generally based on the maternally transmitted H-subunit, while the activation 
of the embryonal LDH genes started only with implantation and that the gene for 
M-subunit was activated first, with the gene for H-subunit following later on. 
Their observations of the early developmental change of LDH isozyme pattern 
are very relevant to our present data in regard to the ontogenetic developmental 
change of LDH isozyme pattern. 

    In regard to whether or not there were regional differences in the isozymic 
composition within the rat central nervous system after birth, Gerhardt et al. (11) 
determined in human, rabbit and guinea-pig brains and demonstrated in guinea

TABLE 2. Developmental change of H/M ratio, relative M4 and H4 activity in postnatal rat brains. 
   (mean ±SD)
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pig that the cerebellum showed the highest H/M ratio, followed by frontal cortex, 
superior colliculus, chiasma and retina in order of decreasing H/M ratio . Bonavita 
(1) also examined the developmental changes of LDH isozyme pattern in postnatal 
rat nervous tissue, and demonstrated that the H/ M ratio of diencephalon was lower 
than that of any other region of brain. 

    Our results confirmed the previous measurement of Gerhardt et al. and Bonavita, 
that is, the present data showed that the HAM ratio of cerebellum was consistently 
higher than in both cerebral gray matter and diencephalon from an early stage 
after birth. The HAM ratio of cerebral gray matter was lower than that of dien-
cephalon until about 10 days after birth, and thereafter the former was consistently 
higher than the latter. 

   Since the HAM ratio of cerebellum was higher than other part of brain, a more 
steady supply of energy would be required in the cerebellum. This observation is 
closely related to the physiological function of the cerebellum. Zivkovic and 
Djuricic (21) determined the activity of LDH and its isozyme in cerebral cortex 
thalamus, cerebellar cortex and pons, and suggested that the 4- to 5-fold greater 
H1M3 and M4. activity in cerebral cortex and thalamus compared with cerebellar 
cortex and pons might be interpreted as a sign of the unequal participation of the 
oxidized form of NADP. Pasantes-Morales et al. (18) suggested that low HAM 
ratio was indicative of high activity of the hexose monophosphate pathway of 

glucose utilization. 
   On the other hand, Bonavita (1) could not identify the H4 activity until a few 

days after birth, while it was demonstrated from Day 16 of gestation in the present 
study. This observation indicated that the isozymic differentiation of perinatal rat 
brain LDH was earlier than he had indicated. 

   Our study demonstrated that the analysis of LDH isozyme pattern contributes 
to the evaluation of the degree of organic differentiation in at least the brain.
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