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ABSTRACT. Lingual lipase in the rat is present in the 
neonatal period and undergoes developmental increase dur- 
ing postnatal life. To evaluate the role of glucocorticoid in 
the control of lingual lipase during development, suckling 
rats were adrenalectomized at d 10 and various hormone 
replacements were performed. Adrenalectomy abolished 
the developmental increase of lingual lipase. Low doses of 
dexamethasone (0.2 and 0.5 pg1100 g body wt) restored 
the lingual lipase to near normal level in adrenalectomized 
animals. High doses of dexamethasone (20 pg/100 g body 
wt), when given to similarly adrenalectomized animals, 
however, led to a reduction of lingual lipase levels. Inhibi- 
tion by dexamethasone is through the action of the hor- 
mone inasmuch as the coadministration of RU38486, a 
glucocorticoid type I1 receptor antagonist, completely abol- 
ished the inhibitory action. Inhibition is also steroid spe- 
cific, with dexamethasone and triamcinolone acetonide 
being more effective. The results suggest a unique bimodal 
regulation of lingual lipase by dexamethasone in the rat 
serous glands. Because of the possible importance of lin- 
gual lipase as an alternative enzyme for fat digestion in 
neonates, the inhibitory action of high doses of glucocor- 
ticoid on lingual lipase development may have important 
implications. The use of steroidal compounds in the has- 
tening of lung maturation and treatment of inflammatory 
disease mighi conceivably compromise their lingual lipask 
develo~ment. hence their ca~acities of fat digestion and 
ma~absor~tidn in the same (Pediatr ~ e i 2 9 :  46-49, 
1991) 

Current concepts of lipid digestion involve a complex inter- 
action of lipolytic enzymes and various cofactors found in the 
gastrointestinal tract. In adult animals, particularly in the rat and 
human, pancreatic lipase is the key enzyme for the digestion of 
lipids (1). Despite extremely low levels of pancreatic lipase in the 
neonatal period of both rats and humans (2), overall malabsorp- 
tion of lipids is uncommon because of alternative sources of 
lipase. These include the bile salt-stimulated milk lipase (3) and 
the lingual lipase secreted by the serous glands of the tongue (4). 
It has been shown that the lipolytic activity of rat milk cannot 
account for the marked hydrolysis of fats in the rat stomach (5). 
The major enzyme that contributes to intragastric lipolysis is 
lingual lipase (6). In rats, lingual lipase undergoes significant 
changes in activity during postnatal life (7). The mechanism of 
control for the development of this lingual lipase is unknown. 

Hormones. ~articularlv thvroxine and alucocorticoid. have 

of digestive enzymes in the gastrointestinal tract. Induction of 
enzymes has been demonstrated in the parotid gland (8), stomach 
(9), pancreas (8, lo), and small intestine (1 1, 12). The role of 
these hormones in the development of lingual lipase has not 
been investigated. The aim of our study was to examine if 
hormones, particularly glucocorticoid, were involved in the mod- 
ulation of lingual lipase development in the neonatal rat. 

MATERIALS AND METHODS 

Animals. Pregnant Sprague-Dawley rats were housed in indi- 
vidual cages and maintained on a 12-h alternate light-dark cycle. 
On the expected date of delivery, cages were checked every 2 h 
for birth, and the day of birth was regarded as d 0. Pups were 
allowed to suckle freely until the time of sacrifice. All rats were 
killed by decapitation at the age stated. After sacrifice, the 
posterior half of the tongue was dissected followed by careful 
removal of the muscles. In some experiments, particularly the 
ones in which rats received dexamethasone treatment, pancreata 
were also collected from the same animals to serve as control 
tissues by evaluating their amylase and lipase activities as an 
index of in vivo response to glucocorticoid action. Isolated glan- 
dular tissues so obtained were either used immediately or stored 
frozen at -70°C. Preliminary studies showed that storage at 
-70°C up to 1 mo did not result in appreciable loss of enzyme 
activity from either the tongue or pancreas. The NIH guidelines 
for the care and use of laboratory animals were followed for all 
protocols used to ensure that animals were not subjected to pain 
and discomfort. 

Dexamethasone administration. Dexamethasone (Sigma 
Chemical Co., St. Louis, MO) was administered to rat pups at 
12 d of age in the following concentrations: 0.5, 1 .O, 10, 25, and 
50 pg/100 g body weight (intrapentoneally), 48 h before sacrifice. 
Age-matched littermates were given a single injection of vehicle 
and served as controls. 

Adrenalectomy and sham operation. This procedure was per- 
formed under Metofane (Pitman-Moore, Inc., Washington 
Crossing, NJ) anesthesia. Pups were operated on 10 d after birth. 
Bilateral adrenalectomy was performed through a dorsal incision 
under anesthesia using sterile conditions. Except for the time 
study, all animals were killed 5 d after operation (i.e. at d 15 of 
age). After sacrifice, all adrenalectomized animals were examined 
for the presence of regenerating adrenal tissue. Only those show- 
ing no visible regeneration were included in the study. Steroid 
replacement was done by intraperitoneal injection and admin- 
istered daily starting at d 1 1 for 3 d. Sera from adrenalectomized 
animals were also collected and corticosterone levels were meas- 
ured to confirm the absence of active adrenal tissues. 

Biochemical determinations. For the preparation of homoge- 
been shown io'Dlav Divoial roles in reeulatrne the develobment nate for enzyme and protein determinations, frozen tissue was . d .  " " ~ - -  - 

partially thawed and minced in 10 volumes of ice cold water. 
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homogenate was homogenized again with the Polytron. The Enzyme Actlvltlea: umoler/mg/mln 
resulting homogenate was allowed to sit in ice for 60 min with *I 

activity was determined by potentiometric titration (at a constant 
pH of 8.0) of ionized fatty acids liberated from an olive oil 
emulsion with 0.2 N NaOH (14). Units were expressed as pmol 
of NaOH required to neutralize FFA liberated per min per mg 
of protein. Protein was determined by the method of Lowry 
using BSA fraction V as the standard (1 5). Total corticosterone 
was measured by a competitive binding assay based on the 
method of Murphy (16), as modified by Bassett and Hinks (17). 
Charcoal adsorption was used to separate the bound and free 'H 
corticosterone rather than gel filtration as reported previously 

occasional stirring. The homogenate was then centrifuged at 
1500 x g for 6 min. The supernatant was recovered and used for 
lingual lipase and protein determinations. Pancreatic tissues were 1.6 
homogenized with a Potter-Elvehjem homogenizer using a mo- 
tor-driven pestle for 30 s with the vessel immersed in crushed 
ice. The homogenate was further sonicated for 5 s before being 
used for the determination of amylase, lipase, and protein. Lin- 
gual lipase was determined by potentiometric titration (at a 
constant pH of 5.0) of ionized fatty acids liberated from tribu- 
tyrin (20 mM) in a citrate-phosphate buffer (1 mM) with 0.01 % 0.6 

Triton-X100. Units were expressed as pmol of NaOH required 
to neutralize FFA liberated per min per mg of protein. Pancreatic 
amylase was determined by the saccharogenic method using o .  

(1 8). 
Reagents. All reagents used for biochemical determinations 

were from Sigma Chemical Co. RU 38486 (U486) was a gift 
kindly provided by Dr. D. Martini of Roussel Uclaf, Romanville, 
France. 

Statistics. Results are reported as the mean & SEM. Difference 
between the means of two groups were evaluated by t test. For 
multigroup comparison, analysis of variance was used. A value 
of p < 0.05 was considered significant. 

RESULTS 

soluble starch as the substrate (1 3). Units were expressed as pmol o louo 26ug 60ug 60ug+u486 
of maltose liberated per min per mg of protein. Pancreatic lipase Dexamethasone dose (per 100 gm body wt) 

- 

- 

- 

Developmental profile of lingual lipase. At birth, the activity 
of lingual lipase was low. A gradual increase in activity was seen 
just before weaning at around 15 d of age (Fig. 1). A second 
increase in activity was evident after 15 d of age and eventually 
reached the activity of the adult level. 

Eflect of dexamethasone. Intact animals receiving a single dose 
of dexamethasone showed a dose-de~endent decrease in lingual 

- 

lipase activity (Fig. 2). At doses of 1 1 0  pg/100 g body wekht, 
dexamethasone had no effect on lingual lipase activity. A signif- 

* 
* 
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Age of Rats 
Fig. I .  Developmental profile of lingual lipase. The date of birth was 

considered as d 0. Values represent the mean + SD from all the animals 
killed at  each time point. The number varies from 4-30. 

Fig. 2. Effect of varying concentrations of dexamethasone on lingual 
lipase activities in intact animals. Rat pups were given either vehicle (0) 
or increasing dose of dexamethasone (10, 25, and 50 rg/100 g body wt) 
at d 12 and were killed at d 14. RU486 when used (3 mg/100 g body wt) 
was also given by intraperitoneal injection 1 h before and 12 and 24 h 
after dexamethasone administration. Values are mean of results of at 
least three animals from each group of treatment. Asterisks indicate 
values that were significantly different from the untreated group ( p  < 
0.05). The vertical lines above bars represent SD of the mean. 

Enzyme Actlvltlea: umoler/mg/mln 
2 1 I 

- 
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Days After Adrenalectomy 
Fig. 3. Time course of lingual lipase activity after adrenalectomy. Rat 

pups were adrenalectomized at the age of 10 d; lingual lipase was 
determined at d 1, 2, 3, 4, and 5 after surgery. Values are mean of results 
from at least three animals from each group at each time point. Asterisks 
indicate values that were significantly different from the control group 
of the same age (p < 0.05). The verfical lines above bars represent SD of 
the mean. Control, & adrenalectomized 0. 

icant decrease in activity was seen at 25 pg/100 g body weight. 
Further decrease in activity was shown at a higher dose of 50 pg/ 
100 g body weight. To see if the action of dexamethasone was 
actually involved in the decrease in lingual lipase observed, U486, 
a known type I1 glucocorticoid receptor antagonist (I  9, 20), was 
also administered to a group of rats receiving 50 pg/100 g body 
weight of dexamethasone. Under the conditions studied, the 
decrease in lingual lipase activity was abolished by U486. 

Effect of adrenalectomy. To see if glucocorticoid is required 
for the developmental increase in lingual lipase in the rat pups, 
pups were adrenalectomized at d 10 and their lingual lipase 
activity was followed on subsequent days. Figure 3 summarizes 
the results. In the control (sham operated) pups, lingual lipase 
activity showed the typical increase in activity with age. In 
contrast, the adrenalectomized littermates did not show the 
increase their counterparts did at the same age. The difference 
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in lingual lipase activity became significant 3 d after adrenalec- 
tomy. 

Effect of hormone replacement in adrenalectomized pups. To 
see if indeed the lack of glucocorticoid is the cause for the failure 
of lingual lipase to develop properly in the adrenalectomized 
animals, replacement studies were performed. Pups were adre- 
nalectomized and dexamethasone was given at various doses. 
Figure 4 shows the results. At low concentrations of dexameth- 
asone (0.2 and 0.5 pg/100 g body weight), an increase in lingual 
lipase activity over that of adrenalectornized littermates without 
supplementation was evident (Fig. 4A). At somewhat higher 
concentrations (1 and 5 pg), this effect disappeared. At even 
higher concentrations (20 pg), a significant reduction in lingual 
lipase was seen. To  confirm the action of dexamethasone in these 
experimental animals, their pancreata were also removed and 
checked for pancreatic amylase and lipase activity. Figure 4B 
summarizes the results. As expected, both the lipase and amylase 

activity showed a dose-dependent increase with increasing con- 
centrations of administered dexamethasone. 

To further examine the attenuation effect of steroids on lingual 
lipase activity during development, adrenalectomized pups were 
given high doses of various steroids and their effects were evalu- 
ated (Fig. 5). Of the five different steroids used, only two, i.e. 
dexamethasone and triamcinolone acetonide, were effective in 
attenuating the lingual lipase activities. Corticosterone acetate 
and aldosterone even at much higher doses had no effects on 
lingual lipase activity. Testosterone resulted in an increase of 
lingual lipase activity. The reduction in lingual lipase activity 
was not due to inhibition by the specific steroids inasmuch as 
addition of these steroids to the assay mixture did not affect the 
enzyme activity in vitro. Further, mixing of the hornogenate 
from the dexamethasone-treated animal that showed a decrease 
in lingual lipase activity and homogenates from control animals 
with normal lingual lipase activity did not result in any observ- 
able inhibition. 

160 r 
Enrymo Aotlvltlro (lb of control) DISCUSSION 

Neonatal rats and humans both have insufficient amounts of 
pancreatic lipase for adequate digestion of dietary fats. Lingual 
lipase has been shown to be an important alternative source and 

100 
serves as a compensatory mechanism in these neonates. Our 
study using a rat model shows a developmental profile of lingual 
lipase very similar to that reported by Hamosh and Hand (7). 
The enzyme is present at very low concentration in late-term 
fetal and in early postnatal life and increases at the time of 

60 
weaning (1 5 d of age). These precise stepwise increases suggest a 
temporal event that is coordinated by specific cellular mecha- 
nisms. Hormones, particularly glucocorticoids and thyroxine, 
have been shown to be important regulators of digestive enzyme 
development. In salivary glands, a close temporal relationship 

0 
exists between the changing patterns of parotid amylase, histol- 

0 0.2 0.6 P 6 20 ogy, and corticosterone levels in developing rat pups (21-23). 
Pharmacologic doses of steroids have been shown to stimulate 

Enxymo ht lv l t l ro  (8 of control) parotid gland development in rodents (23-26). Suppression of 
600 I B ( corticosterone production by adrenalectomy depressed the 

Dexamethasone Conc. (ug/100 gm body wt) 
Fig. 4. Dosage effect of dexamethasone replacement on enzyme ac- 

tivity in adrenalectomized rat pups. Animals were adrenalectomized at 
the age of 10 d. Dexamethasone at  graded concentrations was given daily 
starting on d 12 until d 14. Animals were killed at d 15. Upper panel ( A )  
depicts the dosage effect on lingual lipase activity. Lower panel (B) 
depicts that on pancreatic amylase (@A) and lipase (0) activity in the same 
animal. Results represent a composite of several experiments in which 
littermates were used for two or three different dose studies in each 
separate experiment. Values for each enzyme were then normalized 
against the activity (arbitrarily assigned as 100%) of the same enzyme 
found in the controls, which were the adrenalectomized pups receiving 
only vehicle injection. Final values shown represent the mean of results 
from three to six animals for each group. Asterisks indicate values that 
were significantly different from the control group (p < 0.05). The vertical 
lines above the bars represent SD of the mean. 

lb ot untreated anlmal 

- 
none DX(26ug) TA(260ug) COR(2.6mg)ALD(2.6mg)TE9(2.6mg) 

Dose of Steroid / 100 gm body weight 
Fig. 5. Specificity of steroids in their effects on lingual lipase activity 

in adrenalectornized rat pups. Animals were adrenalectomized at the age 
of 10 d. Various steroids at the concentrations indicated were given daily 
starting on d 12 until d 14. Animals were killed at d 15. Results represent 
a composite of several experiments in which littermates were used for 
two or three different steroids in each separate experiment. Values for 
the enzyme activity were then normalized against the activity of the 
controls (arbitrarily assigned as loo%), which were the adrenalectomized 
pups receiving only vehicle injection. Final values shown represent means 
of results from three to six animals for each group. Asterisks indicate 
values that were significantly different from the control group (p < 0.05). 
The vertical lines above the bars represent SD of the mean. 
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growth and amvlase contents in the ~a ro t id  glands 125). These REFERENCES . , 

results all pointto the importance o f~ lucoco~ ico id  as a modu- 
lating factor for salivary gland development. 

Our study shows that the glucocorticoid status of the devel- 
oping pups also affects the level of lingual lipase. Unlike the 
inductive effect of glucocorticoid for almost all digestive en- 
zymes, the regulation of lingual lipase by glucocorticoid is mul- 
tifaceted and complex. Our results indicated that a hypocortico- 
steroid state as a result of adrenalectomy abolished the develop- 
mental increase of lingual lipase. Corticosteroid replacement by 
dexamethasone administration at a physiologically meaningful 
dose enables a normal development of lingual lipase in these 
pups, yet a pharmacologic dose of dexamethasone decreased 
lingual lipase compared with untreated adrenalectomized ani- 
mals. Similar high doses of dexamethasone given to intact ani- 
mals also decreased lingual lipase levels. The observed results are 
indeed due to the action of dexamethasone, inasmuch as coad- 
ministration of a glucocorticoid type I1 receptor antagonist 
(RU486) completely abolished the inhibitory effect of dexameth- 
asone. Furthermore, the exocrine enzymes (amylase and lipase) 
in the pancreata from these same animals showed a typical 
response to the administered dexamethasone in that there were 
graded increases in both lipase and amylase levels with increasing 
amounts of dexamethasone received. 

Our results further showed that the inhibitory action is specific 
in that some but not all steroids were effective. Only those with 
potent glucocorticoid action, in this case, dexamethasone and 
triamcinolone acetonide, were inhibitory. The naturally occur- 
ring glucocorticoid in the rat, corticosterone, however, has no 
effect at the concentration tested, 100 times that of dexametha- 
sone, although an induction of pancreatic amylase was evident 
in similarly treated pups (data not shown). Testosterone, on the 
other hand, showed stimulation instead of inhibition at the 
concentration used. 

As yet, we do not know the mechanism that leads to a decrease 
in lingual lipase after treatment with pharmacologic doses of 
dexamethasone. Dexamethasone did not cause the appearance 
of an inhibitor or activator for lingual lipase inasmuch as mixing 
experiments using tissue homogenates of control and dexameth- 
asone-treated pups showed no reduction or stimulation in lingual 
lipase activity. It is likely that the control occurs at the level of 
enzyme synthesis. This remains to be investigated. 

The dual action of dexamethasone as observed in our study is 
unique. Glucocorticoid has been shown in other tissues to have 
either an inductive or repressive effect but normally for different 
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Recent reports present convincing evidence for the presence of a 
gastric lipase, which quantitatively may be more important in 
the overall digestion of fat in humans (28,29). There is, however, 
indication that lingual lipase might be of greater importance in 
early life than in adulthood (30). If indeed this is the case, and if 
the lingual lipase system in human infants responded similarly, 
the inhibitory action of glucocorticoids at pharmacologic doses 
would have important implications because of a possible role of 
lingual lipase in fat digestion and absorption by neonates. 
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