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(3) 511–514, 1999—N-Phthaloyl gamma-aminobutyric acid (P-GABA)
has been known to cross the blood–brain barrier and ultimately to increase brain GABA level. In the present study, P-GABA
was administered to Wistar rats for 21 days and circadian rhythms of sodium, potassium, and calcium levels in serum were
studied under seminatural light–dark conditions. P-GABA administration caused desynchronization of the rhythms and ad-
vanced the peak times of serum electrolytes. Exogenously administered P-GABA could alter the photic information received
by the clock. The results could be explained by slightly less or more than 1-h daily delays, which would bring the peak times to
the points 21 days after the start of administration. The changes in amount of electrolytes after P-GABA administration are
discussed. © 1999 Elsevier Science Inc.

 

Circadian N-Phthaloyl gamma-aminbutyric acid Sodium Potassium Calcium

 

A number of blood and serum variables are found to be circa-
dian in nature (11,27,29). Circadian variations in urinary elec-
trolytes (sodium, potassium, inorganic phosphorus, and mag-
nesium) were demonstrated in young men (29).

Circadian rhythms of potassium have been demonstrated
in plasma, erythrocytes, and in urine (19). Circadian varia-
tions of potassium metabolism were detected in fasting sub-
jects, during total deprivation of potassium intake, and in sub-
jects receiving equal quantities of food and potassium at equal
intervals (19).

Twenty-four-hour rhythms in plasma calcium concentra-
tions (13,20), in calcium metabolism (24), excretion by the
kidney (15), and in the absorption through intestine (33) were
documented. Circadian rhythms in calcium transfer into the
bone, calcium release from bone, and bone reabsorbing activ-
ity in serum of rats were observed (13,22,23). All of these
studies support the concept that circadian rhythmicity is an es-
sential feature of calcium metabolism. Circadian rhythms of
calcium oxalate and calcium phosphate levels were also docu-
mented in urinary specimens (15). A statistically significant
circadian rhythm of serum magnesium was also detected in
young males, elderly males, and females (28).

Gamma-aminobutyric acid (GABA) is reported to be the
principal neurotransmitter of the circadian system (12,31).
Agents that are known to affect GABA transmission have
been shown to affect circadian rhythms (18,25,26,30). How-
ever, the influences of exogenously administered P-GABA on
the circadian rhythms of serum electrolytes have not been
studied so far.

Studies carried out on the noncircadian effects of P-GABA
on serum electrolytes are also very limited. GABA has been
known to stimulate the absorption and transport of electro-
lytes in guinea pigs (10), and to increase serum chloride level
(32). It has been reported that GABA

 

B

 

 receptors are indi-
rectly coupled to K

 

+

 

 channels via G proteins (2).
Exogenously administered GABA does not cross the

blood–brain barrier (14). To overcome this, Bhowmick et al.
(1) and Sen et al. (21) synthesized derivatives of GABA like
N-Phthaloyl GABA and N-Octanoyl GABA. Both mimic the
action of GABA, more lipophilic than GABA, and ultimately
increase brain GABA level (1). In the present study, GABA
was administered as N-Phthaloyl GABA (P-GABA) to
Wistar rats, and its influence on circadian rhythms of sodium,
potassium, and calcium levels in serum were monitored.
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METHOD

 

Animals and Housing

 

Adult male albino rats (Wistar strain) obtained from cen-
tral animal house, Faculty of Medicine, Annamalai Univer-
sity, were used for the study. The rats were housed in polypro-
pylene cages (45 

 

3

 

 24 

 

3

 

 15 cm) at room temperature (30 

 

6

 

2

 

8

 

C) under seminatural conditions (LD 12:12) (27). The ani-
mals were randomized and separated into normal, control,
and experimental groups (

 

n

 

 

 

5

 

 5 in each group; body weight
ranged between 220–250 g). The animals received a diet of
standard pellets (Hindustan Lever Ltd., Mumbai, India). Food
and water were available ad lib and replenished daily.

 

Preparation of N-Phthaloyl GABA

 

GABA and phthalic anhydride were obtained from Sigma
Chemical Co., St. Louis, MO. An intimate mixture of 6.18 g
GABA and 8.95g of finely ground phthalic anhydride was
heated for 30 min with stirring in an oil bath at 145–150

 

8

 

C. Af-
ter cooling, the solid material was dissolved in hot methanol.
The filterate was diluted with 20 ml of water and the product
was allowed to crystallize. The product was identified by (a)
measuring the melting point, (b) UV absorption, and IR spec-
troscopy. Thin-layer chromatography of the product was also
performed using 

 

n

 

-propanol: water (7:3), and 

 

R

 

f

 

 value was de-
termined (1).

 

Drug and Dosage

 

P-GABA (25 mg P-GABA in 2 ml of 20% ethanol) and
ethanol (2 ml; 20%) were administered to experimental and
control animals, respectively, through intraperitoneal injec-
tions every day between 0800 and 1100 h. Hence, P-GABA
was administered in an optimum dose of 5 mg/animal. LD

 

50

 

 of
P-GABA is 327 

 

6

 

 8.2 mg/kg IP (5). P-GABA treatment was
continued until the end of the experiments. After 21 days of
treatment, electrolyte determinations were done.

 

Serum Electrolyte Determinations

 

Blood samples were collected from each group of animals
(normal, control and P-GABA treated) every 3 h (0300, 0600,
0900, 1200, 1500, 1800, 2100, and 2400) throughout the 24-h
period continuously for 3 days (three cycles). A minimum
amount of blood (0.5–0.75 ml) was collected from orbital si-
nus with great care, using heparinized tubes. All the chemicals
used in the study were obtained from S. D. Fine Chemicals,
India, and were of analytical grade. Sodium and potassium

levels were determined by flame photometry (4). Serum cal-
cium was estimated by the 

 

0

 

-Cresolphthalein method (8).
At the end of the study, normal, control, and P-GABA–

treated animals were killed by decapitation. Brain tissues were
taken in ice-cooled trichloroacetic acid. The levels of GABA
in brain tissues were measured by spectorfluorimetry (9).

 

Peak time, Range and 24-h Mean

 

Peak time (the time at which the level of the variable was
highest over a 24-h period), range (half of the difference be-
tween maximum and minimum values of the variable over a 24-h
period), and the 24-h mean (mean value of the variable for
equidistant data covering a 24-h period) were calculated (27).

The range and 24-h mean were expressed with the same
unit as the documented variable. The peak time was ex-
pressed in hours. The range of the rhythm was given in SD,
while the 24-h mean was given in 

 

6

 

SEM (27). A Student’s

 

t

 

-test was performed to detect the significant changes between
control and P-GABA–treated groups.

 

RESULTS

 

White needle-shaped crystals of P-GABA with a high de-
gree of purity were prepared by the method of Bhowmick et al.
(1). The purity of the sample was checked by measuring the
melting point (116–117

 

8

 

C), UV absorption peak at 215 nm,
and the presence of functional groups were confirmed by IR
spectra (1). The 

 

R

 

f

 

 value of the sample was found to be 0.21
(1). Brain GABA concentration was increased in P-GABA–
treated animals (Table 1).

There were no significant body weight changes in P-GABA–
treated animals when compared to normal and control
groups. The time difference between maximum values was
found to be 24 h in all cases. In P-GABA–treated animals
there was a loss of synchrony to the LD cycle and between

TABLE 1

 

GABA LEVELS IN RAT BRAIN

Group (

 

n

 

 

 

5

 

 5)
GABA Level (

 

m

 

mol/g Tissue)
(Mean 

 

6

 

 SD)

 

Normal 1.300 

 

6

 

 0.21
Control (20% ethanol treated) 1.400 

 

6

 

 0.15
P-GABA treated 3.212 

 

6

 

 0.53*

*

 

p

 

-Value: 

 

,

 

 0.001 vs normal and control.

 

TABLE 2

 

CHANGES IN THE CHARACTERISTICS OF SERUM ELECTROLYTE CIRCADIAN RHYTHMS DURING P-GABA TREATMENT

Rhythm
Studied

Peak Time (h)

Magnitude
of Change

Range 24 h Mean

Normal

Control
(20% Ethanol 

Treated) P-GABA
Normal
(

 

6

 

 SD)
Control
(

 

6

 

SEM)

P-GABA
Treated
(

 

6

 

SEM)
Normal
(

 

6

 

SD)
Control
(

 

6

 

SEM)

P-GABA
Treated
(

 

6

 

SEM)

 

Sodium 1800 1200 1200 6 h advance 9.28 

 

6

 

 0.58 6.93 

 

6

 

 0.21 8.63 

 

6

 

 1.38 144.45 

 

6

 

 1.19 145.25 

 

6

 

 1.19 149.52 

 

6

 

 1.20*
Potasium 1200 1200 0300 9 h advance 1.04 

 

6

 

 0.37 0.726 

 

6

 

 0.36 0.832 

 

6

 

 0.18 5.25 

 

6

 

 0.11 4.95 

 

6

 

 0.1 4.42 

 

6

 

 0.12*
Calcium 1500 1500 0600 9 h advance 3.78 

 

6

 

 0.35 4.28 

 

6

 

 0.25 1.73 

 

6

 

 .63* 11.06 

 

6

 

 0.54 11.11 

 

6

 

 0.61 8.42 

 

6

 

 0.22*

Peak time—the time at which the level of the variable is highest over a 24-h period; range—half of the difference between maximum and
minimum values of the variable over a 24 h period; 24-h mean—mean value of the variable for equidistant data coveirng a 24-h period (27).

 

p

 

-Values: * 

 

,

 

 0.001 vs normal and control.
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K

 

1

 

, Ca

 

2

 

1

 

, and Na

 

1

 

 rhythms, but possibly not between K

 

1

 

 and
Ca

 

2

 

1

 

 rhythms. The changes in peak time, range, and 24-h
mean values of the rhythms are shown in Table 2.

Sodium rhythms showed peak time at 1800 (ZT 12) in nor-
mal and control animals. The levels are lowest at 0600 h (ZT
0). Sodium levels are maximum at 1200 h (ZT 6; 6 h advance)
in P-GABA–treated animals (Fig. 1). The levels are minimum
at 0600 h (ZT 0). The 24-h mean value was significantly in-
creased in P-GABA–treated animals when compared with
normal and control groups, whereas range did not show a sig-
nificant change (Table 2).

Potassium rhythms showed a peak time at 1200 h (ZT 6) in
normal and control groups (Fig. 2). Maximum levels were
found at 2400 h (ZT 18) in normal rats. In controls, the levels
were minimum at 2400 h (first cycle) and at 0300 h (second
and third cycles). In P-GABA–treated animals maximum lev-
els were found at 0300 h (ZT 21; 9-h advance). The levels are
minimum at 1800 h (ZT 12; first and third cycles) and at 1200
h (ZT 6, second cycle). The range did not show any significant
changes, whereas 24-h mean value was significantly decreased
in P-GABA–treated rats (Table 2).

The peak time of calcium rhythms lie at 1500 (ZT 9) in
normal and control animals (Fig. 3). The levels were lowest at
0900 h (ZT 3; first cycle) and at 0600 h (ZT 0; second and third
cycles) of the control animals. Calcium levels were maximum
at 0600 h (ZT 0) in P-GABA–treated animals (9-h advance).
The levels were low at 1200 h (ZT 6; Fig. 3). The range and
24-h mean values decreased significantly in P-GABA–treated
animals when compared with normal and control groups (Ta-
ble 2).

 

DISCUSSION

 

The serum electrolytes chosen for the study exhibit
marked fluctuations over a 24-h period. From the study, it
might be concluded that environmental light–dark cycles
could act as synchronizers for the serum electrolyte rhythms
studied in Wistar rats.

Agonists and antagonists of GABA are widely used as
tools to probe the nature of circadian rhythms (18,25,26,30).
The presence of GABA in the retina (34), SCN (3,6,31), and
lateral geniculate nuclei (6) strongly suggests the role of
GABA in regulating the circadian rhythms (12,31). In our
study, administration of P-GABA increased the brain GABA
levels corroborating previous results (1). P-GABA acts like a
nonspecific agonist of GABA (16) and more lipophilic than
GABA (1).

In the present study, P-GABA was administered in 20%
ethanol. The volume of ethanol was reduced (0.2 ml) because
ethanol might influence circadian oscillations (35). However,
in the present study, no significant differences were detected
in peak time, range, and 24-h mean values between normal
and control (ethanol-treated) animals, suggesting that ethanol
has no additive/interactive/synergistic action with P-GABA in
our study.

In the present study, after long-term systemic administra-
tion of P-GABA, desynchronization of circadian rhythms of
the electrolytes was observed. The peak time advances of
electrolytes could be explained by a slightly less or more than
1-h daily delays, which would bring the peak times to the
points after the start of administration.

In asiatic chipmunks, calcium levels are reported to be
maximum at 1300 h (24). In our study, calcium levels are
found to be maximum at 1500 h (ZT 9) in all the three cycles
studied. Furthermore, calcium rhythms are not abolished by
parathyroidectomy or thyroidectomy (33), suggesting that
these rhythms might be controlled by the master oscillator,
the SCN (17,24).

Agonists of GABA are known to evoke phase shifts simi-
lar to dark pulses (7,25,26). Hence, GABA might be involved
in conveying dark information to the clock (SCN) via the af-
ferent pathways (18). Furthermore, GABA has been reported
to reduce the photic information transmitted to the clock (18).
Hence, in the present study of exogenous administration of
P-GABA, it might be speculated that the P-GABA’s effects
would be on the circadian system-on input pathway, on the
clock or on output mechanisms.

FIG. 1. Temporal oscillations of sodium at 3-h intervals for a period
of 3 days in Wistar rats. The shaded portions indicate the nighttime of
the LD cycle. Solid lines represent the normal animals, dotted lines
represent the control animals, and broken lines represent the P-GABA–
treated animals. Note the advances of peak times in P-GABA–
treated animals.

FIG. 2. Temporal oscillation of potassium at 3-h intervals for a
period of 3 days in Wistar rats. Note the advances of peak times in
P-GABA–treated animals. See Fig. 1 legend for particulars.

FIG. 3. Temporal oscillations of calcium at 3-h intervals for a period
of 3 days in Wistar rats. Note the advances of peak times and reduc-
tion of ranges (peak-to-trough variations) in P-GABA–treated ani-
mals. See Fig. 1 legend for particulars.
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Further, it might be speculated that the exogenous admin-
istered of P-GABA could reduce the photic information re-
ceived by the clock, or it could mimic dark conditions in our
study, which, would probably cause the loss of synchroniza-
tion of the rhythms when compared to controls. However, it is
desirable to carry out the experiments in constant dark condi-
tions and examine the effect of single injection of P-GABA to
firmly conclude that the changes of these parameters ob-
served in the present study reflect circadian changes only.

Studies carried out on the noncircadian effects of P-GABA/
GABA on serum electrolytes are very limited. GABA was
known to stimulate the absorption and transport of electro-

lytes in guinea pigs (10). It has been reported that GABA

 

B

 

 re-
ceptors are indirectly coupled to K

 

1

 

 channels via G proteins (2).
Sodium is involved in the transport of GABA; potassium is

involved in the GABA

 

B

 

 receptor-mediated function (2), and
GABA release into presynaptic terminals appears to be cal-
cium dependent (2,32). Those interactions could alter the se-
rum levels of these electrolytes. The significant decrease of
range of calcium rhythms and significant decreases of 24-h
mean values of sodium, potassium, and calcium rhythms
might be due to the increased level of abovementioned inter-
actions in the P-GABA–treated animals.
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