Pharmacology Biochemistry & Behavior, Vol. 40, pp. 847-852, © Pergamon Press pic, 1991. Printed in the U.S.A.

0091-3057/91 $3.00 + .00

Behavioral and Biochemical Consequences of
Perinatal Exposure of Mice to Instant Coffee:
A Correlative Evaluation

JAMAAN S. AJAREM AND M. AHMAD

Department of Zoology, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451, Saudi Arabia

Received 8 March 1990

AJAREM, J. S. AND M. AHMAD. Behavioral and biochemical consequences of perinatal exposure of mice to instant coffee: A
correlative evaluation. PHARMACOL BIOCHEM BEHAV 40(4) 847-852, 1991.—In the present study, the lasting effects of
prepartum and perinatally consumed instant coffee by female mice on the behavior as well as on the level of activities of certain
enzymes in the tissues of their male offspring have been investigated. The behavioral observations of nonsocial investigation,
defense, displacement, latency to threat and naso-nasal contact has decreased significantly in offspring of treated mothers, while
the threat, attack, latency to threat and attack and number of fights have increased significantly. Hence, coffee has proven to be
an inducer of hyperactive behavior in these offspring. Such effects are both dose dependent and duration-of-treatment dependent.
Moreover, variations were detected in the level of AChE activity in the brain tissues of these offspring together with variations in
the levels of AcPase and AlPase activities in their liver, kidneys and testes. Such variations in these organs have developed in
utero, making these enzymes convenient markers in teratological studies.
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THERE is growing evidence now that perinatal consumption of
drugs may cause several disturbances to the brain maturation and
behavior in mammalian offspring (16). Several reports are avail-
able for the association of early exposure of pregnant mice to a
wide range of compounds with the essential changes in the sub-
sequent behavior of their male offspring (2, 5, 8, 27).

Instant coffee, a widely consumed beverage, may contain
several chemical substances like caffeine, theophylline and theo-
bromine, etc., among which caffeine, an alkaloid methylxan-
thine, forms its major component (44,57). The structural
configuration of caffeine is similar to that of purine molecules
in DNA and thus possesses the ability to interfere with the me-
tabolism and cell division (1). West et al. (54) have recently re-
viewed the caffeine effects on various physiological, metabolic,
immune, endocrine, neurochemical and behavioral functions.
Moreover, the pharmacological, endocrinological, neurotoxic and
direct toxicological effects of caffeine on developing fetuses
have been briefly reviewed by Pollard et al. (41).

It has been established beyond doubt in many animal studies
that high doses of caffeine cause acute structural teratogenesis
(34,57) and exposure of rodents during pregnancy results in be-
havioral, developmental and biochemical changes in offspring
(12, 13, 24, 41, 46, 47, 54). Human studies have also reported
increased fetal loss and fetal growth retardation after excessive
coffee intake during pregnancy (53). Hence, these studies point
to the real and potential perinatologic risk of maternal caffeine
ingestion during pregnancy (19).

The objectives of the present study were to examine the in-
fluence of prepartum and perinatal coffee intake on mice off-
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spring behavior together with the possible mode of transfer of
coffee (caffeine) from dams to offspring. Further, the role of
some enzymes like acetylcholinesterase (AChE) in brain tissues
and levels of acid and alkaline phosphomonoesterases (AcPase
and AlPase) in liver, kidneys and testes of the male offspring,
as possible teratological markers has been explored.

METHOD

Swiss-Webster albino mice (Mus musculus) were bred and
housed under highly controlled conditions (2) in the animal fa-
cility of the Zoology Department, College of Science, King Saud
University, Riyadh.

Coffee Administration and Experimental Design

Instant coffee dissolved in tap water formed the only source
of drinking fluid for the experimental group of mice. On the ba-
sis of average consumable volume of water per adult mouse per
day, coffee from a 2 g sachet was dissolved accordingly so as
to produce the required doses per kg body weight per day. Cof-
fee in one sachet is usually equivalent to 1 cup for an average
60 kg person. Thus the doses of 1, 2 and 4 mg used herein are
respectively equivalent to 1, 2 and 4 cups of coffee per kg body
weight per day in mice. No effort was made to analyse the ac-
tual caffeine content in 1 cup of coffee, however, it is worth
mentioning that 4 cups of coffee per day amount to approxi-
mately 5 mg of caffeine per kg body weight per day (43).

Thirty-two pregnant mice (pregnancy estimated from the date
of finding vaginal plug) were divided into four groups of eight
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FIG. 1. Effects of coffee consumption by mothers on the level of ace-
tylcholinesterase in the brain of their male offspring. *Indicates signifi-
cance (p<<0.02) by Mann-Whitney U-test. Number of mice in each group
were the same as given in tables.

in each. Group 1 received plain water only and was used as
control. Groups 2, 3 and 4 were treated with 1, 2 and 4 mg
coffee per kg body weight per day, respectively.

The pregnant mice were housed individually in opaque plas-
tic cages measuring 30 X 12X 11 cm. Initial studies (7, 8, 22)
have suggested that the period around parturition is most suit-
able for assessing the lasting effects of drug treatments on sub-
sequent behavior in developing rodents. Consequently, half the
number of each treated group received coffee during prepartum
period only and were then switched to plain water on the day
their litters were born. The remaining halves were continued on
coffee doses for perinatal treatment until the weaning of their
litters. However, the litters were reduced to eight in all groups
on the day of birth and left undisturbed with their mothers until
22 days of age when the male offspring were housed individu-
ally for 14 days, and thereafter were subjected to each of the
following:

‘Standard Opponent’ Tests

The anosmic ‘standard opponent’ intruders were introduced
singly in the home cages of test animals and the ‘standard oppo-
nent’ tests were carried out under dim red lighting (ca. 8 lux) as
described elsewhere (9). The opponents were used only once and
the behavioral tests were carried out visually for 500 seconds.

Behavioral Tests

The selected ‘‘elements’’ of behavior were based on the de-
scriptions of Brain et al. (7,8). The following behavioral pos-
tures/measures were observed: 1) The latency to threat; 2) The
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FIG. 2. Effects of coffee consumption by mothers on activity of phos-
phomonoesterases in testes (A), kidney (B) and liver (C) of their male
offspring. *Indicates significance (p<<0.02) and 1 indicates significance
(»<0.05) by Mann-Whitney U-test. Number of mice in each group were
the same as given in tables.

latency to attack; 3) The total time allocated by subjects to the
broad categories of: a) Nonsocial behavior; b) Social investiga-
tions; c¢) Defensive behavior; d) Attack behavior; e) Threatening
behavior; f) Displacement behavior; 4) Total number of fights;
5) The frequencies of various acts or postures, such as ‘‘rears,”’
“‘wall-rears,”’ ‘‘naso-nasal contact,”’ ‘‘naso-genital contact.’’

Enzyme Assays

The day after finishing behavioral tests, the experimental
mice were killed by decapitation. The brain, liver, testes and
kidneys were immediately removed, rinsed gently in physiologi-
cal saline (0.9%), blotted on a Whatman filter paper, weighed
and frozen.
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TABLE 1
EFFECTS OF PERINATAL AND PREPARTUM CONSUMPTION OF COFFEE BY THE MOTHERS ON
BEHAVIOR OF THEIR MALE OFFSPRING IN A ‘‘STANDARD OPPONENT”’ TEST
Number Median (with ranges) Number of Seconds Allocated to Behaviors Like:
Treatment of
Coffee of Replicates Nonsocial Social
Dose Mother (n) Investigation Investigation Defense Threat Attack Displacement
% 6 233 66 12 9 49
(Control) - (158-284) (21-264) 0-119) (0-20) (0-25) (11-70)
1 mg/kg
Perinatal 6 247 22% 39* 37* 33
(141-290) (32-244) (4-56) (5-68) (10-67) (6-49)
Prepartum 5 212 48* 23* 13* 76%
(70-255) (28-252) (2-68) (12-39) (9-36) (42-172)
2 mg/kg
Perinatal 6 164* 38% 49* 30* 38*
(142-238) (76-271) (1-56) (39-65) (2-45) (19-126)
Prepartum 4 309* 29t 9 7 44
(292-326) (41-193) (9-69) (0-18) 0-22) (4-84)
4 mg/kg
Perinatal 4 244 143 28* 9* 23*
(204-260) (196-224) (7-20) (2-42) (4-45) (11-41)
Prepartum 8 239 33t 35* 5 78*
(116-254) (18-291) (0-67) (18-58) (0-59) (59-116)

*p<0.05; 1p<0.02; $p<0.002 (by Mann-Whitney U-test).

A 10% (w/v) homogenate of each tissue was prepared in te-
flon-glass homogenizer at 4+ 1°C, centrifuged at 1000 x g for 10
min to remove cell debris and the supernatant was used for en-
zyme assays. The brain homogenate was prepared in ice-cold
phosphate buffer, 0.067 M, pH 7.2, and its AChE activity was
estimated using acetylcholine chloride as the substrate (23). The

liver, kidneys and testes were homogenized in chilled 0.25 M
sucrose solution, their protein content was estimated according
to the method of Lowry et al. (35) and the levels of AcPase
and AlPase using sodium p-nitrophenol phosphate as the sub-
strate (6).

The specific activity of AChE is expressed as pmoles acetyl-

TABLE 2

EFFECTS OF PERINATAL AND PREPARTUM CONSUMPTION OF COFFEE BY THE MOTHERS ON THE INCIDENCES OF ACTS AND POSTURES
(MEDIAN WITH RANGES) SHOWN BY THEIR MALE OFFSPRING IN A ‘‘STANDARD OPPONENT’’ TEST

Acts and Postures

No. of Latency to Latency to No. of No. of
Coffee Treatment of Replicates Threat Attack Number of Naso-Nasal Naso-Genital Wall
Dose Mother (n) (Seconds) (Seconds) Fights Contact Contact Rears Rears
% 6 96 262 9 14 7 9 3
(Control) — (0-301) 0419 0-19) (4-19) (2-21) (2-24) (2-10)
1 mg/kg
Perinatal 6 64* 291 33% 3* 8 10 5
(17-261) (30489) (1148) (2-15) (1-36) 1-17) 0-16)
82 186 18* 7t 12 27* 10%
Prep: 3 (37-276) (74-432) (2-83) (1-9) (4-14) (17-35) (4-29)
2 mg/kg
Perinatal 6 20% 346* 14* 13 14 14 3
(31-73) (151-476) (2-249) (6-16) (4-18) (10-31) 2-8)
47* 243 6 9 8 13 10*
Prepartum 4 (0-94) (0-486) ©-12) (6-12) (1-15) ©-26)  (1-20)
4 mglkg
Perinatal 4 297* 393+ 7 7 11 12 3
(220-358) (317-475) (2-16) 4-18) 2-19) (6~26) (1-15)
198* 222 3* 4* 9 23+ 10%
Prepartum 8 (40-392) (0-477) ©-9) (-11) (2-15) 13-31)  (2-14)

*p<<0.05; 1p<<0.02 (by Mann-Whitney U-test).
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choline chloride hydrolysed per mg tissue wet weight per hour
at 37=1°C, and AcPase and AlPase as nmoles p-nitrophenol
liberated per mg protein per minute at 37 + 1°C.

Statistical Analysis

The data for behavioral measures were initially subjected to
the Mann-Whitney U-test (45), thereafter, the elements of be-
havior found significantly different from the control groups,
were compared (within the experimental groups) with respect to
the factors of dose and duration-of-treatment (perinatal and
prepartum) by the analysis of variance (ANOVA) (48). Simi-
larly, the data for the enzyme estimations were first analysed by
the Student’s r-test (56) and the significant results were subse-
quently subjected to ANOVA testings within the experimental

groups.

RESULTS

Behavioral data for the standard opponent test are given in
Table 1. From the Mann-Whitney U-test, it is found that the
median time allocated to broad categories of behavior like non-
social investigation, defense, threat, attack and displacement are
generally significantly affected. ANOVA testings reveal that
while the overall defensive behavior has significantly decreased
and is dose dependent, especially in the perinatally treated
groups, F(6)=13.08, p<<0.05, the behavior of threat, though sig-
nificantly increased in the perinatally treated groups, it is not
dose dependent. The attack behavior has also increased in the
perinatally treated groups but the effect is inversely dose depen-
dent. The displacement behavior has shown a significant de-
crease in activity of perinatally treated groups which is also dose
dependent, F(6)=3.70, p<0.05, while in the prepartum-treated
groups the activity has increased.

Table 2 summarizes the incidences of acts and postures
shown by male offspring in the ‘standard-opponent’ test. The
ANOVA testings of the significant experimental groups reveal
that the latency to threat has significantly decreased with coffee
doses of 1 and 2 mg/kg but at 4 mg/kg, the effect is reversed
and the latency to threat has significantly increased, F(6) =4.86,
p<0.05. On the other hand, the latency to attack has increased
in the perinatally treated groups only and the effect is also dose
dependent, F(6)=4.37, p<0.05. The number of fights has also
significantly increased in the perinatal groups, F(6) =3.36, p<0.05,
but only at the lower dose rates, while the naso-nasal contact
has significantly decreased in both groups, F(6)=3.11, p<0.05,
but only at low dose of 1 mg/kg. The number of wall-rears and
rears has increased only in the prepartum-treated groups (F=
3.55 and F=2.99, df=6, p<<0.05), but the increase is not dose
dependent.

AChE activity has significantly increased in the brains of
offspring whose mothers had been exposed to coffee perinatally,
F(6)=5.36, p<<0.01, compared to those whose mothers have re-
ceived it prepartly (Fig. 1). However, the level of stimulation is
almost similar, irrespective of the dose rate.

The effect of coffee on the level of AcPase and AlPase ac-
tivity in liver, kidney and testes of the male offspring are pre-
sented in Fig. 2. In testes and kidney the AlPase activity is
higher than that of AcPase, whereas in liver the opposite is true.

The activity of phosphomonoesterases in the testes (Fig. 2A)
is significantly higher in the perinatally treated groups compared
to the groups which received prepartum treatment [F(6)=3.77
and F(6)=4.31, p<0.05] and this level of stimulation is both
dose dependent and treatment-duration dependent.

In kidney (Fig. 2B) the AcPase and AlPase are significantly
inhibited, F(6)=2.98, p<<0.05 and F(6)=5.31, p<0.01, respec-
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tively, in both perinatal- and prepartum-treated groups, irrespec-
tive to the dose rate. While in liver, only the AlPase is significantly
stimulated and the effect is dose dependent and is much pro-
nounced in the offspring of mothers treated perinatally, F(6)=
4.39, p<0.05 (Fig. 2C).

DISCUSSION

It appears from the present study that coffee treatment of
dams has a lasting effect on their male offspring. The alteration
in the normal activity is at a higher level in offspring whose
mothers were treated perinatally compared to those whose moth-
ers were treated prepartum. Such effects of coffee, however, are
not always dose dependent. The major component of coffee, in-
stant or otherwise, is caffeine which has undoubtedly been stud-
ied more than any of the other compounds, both psycho-
pharmacologically and biochemically (17). Hence, not ignoring
the other components of instant coffee, the detected effects could
well be largely due to caffeine. Even though the half-life of caf-
feine in rodents is less than 3 h (11,34), the continuous avail-
ability of coffee as the only drinking fluid to the experimental
mice in the present study is more likely to cause a build-up of
caffeine in their plasma. Thus it appears that besides the ready
passage of coffee (caffeine) into the embryo through the placenta
(21) and its penetration through the preimplantation blastocyte
(20) during prepartum treatment, it is likely that coffee can also
be passed to the offspring through milk during lactation. This
possible combination might have led to the greater degree of the
effects on the offspring whose mothers were treated perinatally
compared to those whose mothers were treated prepartum only.

During pregnancy, the females are known to have reduced
capability for biotransformation and consequently for the elimi-
nation of consumed caffeine (18, 31, 39), while the developing
fetuses possess an extremely limited capacity of metabolizing
caffeine since the necessary enzymes responsible for demethy-
lating it are completely absent (52). Hence, these factors might
lead to the accumulation of coffee (caffeine) in the embryo dur-
ing prepartum period which has been accentuated by suckling in
the case of offspring of perinatally treated groups. According to
Ordy et al., significant quantities of compounds that are given
in late pregnancy may be transmitted to the offspring during lac-
tation (38).

The behavioral changes detected in male offspring in the
present study could well be indicators to teratogenic effects in-
cited by caffeine and other components of instant coffee. This is
because teratogenic defects are not necessarily structural, but
biochemically related behavioral changes are more sensitive in-
dicators of such actions (28). Moreover, abnormalities in re-
sponse to teratogens may be due to several factors that lead to
aberrations in normal cell metabolism especially in enzymes and
their substrates (55) or due to a combination of factors (15).
Hence, in present study, the activities of several enzymes in
various organs whose malfunctions might have led to the de-
tected instant coffee induced behavioral changes. One of these
is AChE, an enzyme required for hydrolyzing acetylcholine that
has been implicated as an important neurotransmitter in aggres-
sive behavior (3). It is often maintained that changes in the be-
havior by drugs are presumably due to the alterations in the
availability of neurotransmitters (29, 32, 33). An increase in the
level of AChE was detected in the brain tissues of treated
groups. Increases in brain enzymes have been reported among
the factors responsible for long-lasting disturbances in behavioral
activities of affected animals (10,30). Changes in such neuro-
chemicals due to caffeine have been reported and correlated with
changes in aggressive behavior (51). A major portion of brain
cells (70%) of the closely related rats are known to be formed



BEHAVIOR AFTER PERINATAL COFFEE EXPOSURE

after birth (40). Hence, coffee (caffeine) due to its possible cu-
mulative effects could have well produced developmental abnor-
malities, in the brain of offspring of treated mice as well as in
its enzymes which might have brought about the observed ab-
normal behavior, as has been suggested for other compounds
(26,30).

The other enzymes tested are AcPase and AlPase which are
known indicators of the well-being of eukaryotic cell membranes
(25, 36, 42), and are frequently associated with the transport of
nutrients across the cell membranes (49,50). Alterations in the
levels of these enzymes might have led to variations in the
phosphate pool of the animal which might lead to disturbed en-
ergy sources available to the animal with the consequent distur-
bances in its metabolism (55).

Coffee administered to mice in the present study has led to
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the detection of variations in the level of activities of these en-
zymes in liver, kidneys and testes. Some of the variations in the
levels of these enzymes had been attributed to treatment with
cadmium (4, 14, 37), while others to the effect of coffee (1).
Hence, the enzymes AChE, AlPase and AcPase could be used
as convenient markers in teratological studies.
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