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Abstract-It has been suggested by Blum el al. [Science, N. Y. 176, 292 (1972)] that the enhancement 
of the ethanol sleep time by glycine in mice was due to an interaction of these compounds in the 
central nervous system. We have measured glycine levels in C57BL/6J mice after an ethanol 
injection (4 g/kg, i.p.) and found no significant alterations of glycine levels in four brain regions at 15, 
45, 90 and 150 min after injection. An exception was in the medulla at 150 min, where a significant 
decrease (12 per cent) of glycine level was observed. The simultaneous injection of glycine 
(9 m-moles/kg) and ethanol (4 g/kg) resulted in a significant prolongation of the sleep onset time and a 
20 per cent increase in the sleep time over controls, which were injected with saline+thanol. When 
the same dose of glycine was administered 30min before the ethanol injection, there was no 
significant change in the sleep duration but there was a prolongation of the sleep onset time. Plasma 
glycine levels were higher in mice injected simultaneously with glycinex.than01 than in those 
injected with glycine-saline. Brain glycine levels were only slightly elevated but not significantly 
different in these two groups. Gamma-aminobutyric acid (GABA) levels in the brain regions were not 
increased after glycine injection. The data indicate that the degree of interaction between glycine and 
ethanol was minimal, and that such an interaction was not a result of an alteration of the rate of 
ethanol metabolism. It was also unlikely to be a result of a glycine-induced elevation of GABA in the 
brain, as suggested by Blum et al. 

Glycine fulfils almost all the necessary criteria to 
be identified as an inhibitory transmitter at the 
mammalian spinal motoneuron [ 11. Other evidence 
suggests that it may also be an inhibitory trans- 
mitter in other areas of the central nervous system 
(CNS), particularly certain brain stem areas[l]. 
The effect of ethanol on the metabolism of glycine 
in the CNS has not been studied extensively. 
H&kinen and Kiilonen[2] found no notable 
change in the concentration of glycine in the whole 
rat brain after an acute dose of ethanol. 

It has been reported that glycine significantly 
enhanced the sleep time (loss of righting reflex) 
that was induced by ethanol in mice[3]. Blum et 
a/.[31 concluded that the observed synergistic 
effect between ethanol and glycine was probably 
not related to an alteration of ethanol metabolism, 
but rather to an interaction of these compounds in 
the CNS. They also hypothesized that the poten- 
tiative effect observed between glycine and 
ethanol might have been due to the inhibitory 
action of glycine on glutamine metabolism, which 
in turn led to an increased production of y- 
aminobutyric acid (GABA)[3]. However, plasma 
and brain concentrations of glycine or GABA were 
not determined in this study. In another paper, 
Blum et a[.[41 have shown that glycine, when 
administered 30min before an acute dose of 
ethanol, protected rats from ethanol-induced 
motor impairments. These workers suggested that 
the protective effect of glycine might be due to a 
suppression of the rate of absorption of ethanol 
from the gastrointestinal tract[4]. Similarly, Bre- 
glia et al.[5] reported that pretreatment of rats 
with glycine, L-lysine, L-arginine or L-ornithine, 
30 min before ethanol administration, significantly 
prolonged the onset of ataxia and reduced the 
duration of sleeping time. 

*Supported in part by NIAAA grant AAOl858-02. 

In light of the uneven distribution of glycine in 
the CNS[l, 6,7], this paper examines the effect of 
an acute dose of ethanol on the contents of glycine 
in different regions of the mouse brain. We have 
also re-investigated the combined effect of 
ethanol-glycine administration on ethanol sleep 
time. Plasma and brain levels of glycine, as well as 
the effect of glycine injection on brain GABA 
concentrations, were also determined. 

METHODS 

Male C57BL/6J mice (90-95 days old) were 
purchased from the Jackson Laboratories, Bar 
Harbor, ME. They were housed four in a cage on a 
12-hr light-dark cycle in a controlled temperature 
room (22-23”) and received Teklad mouse diet 
(Teklad Mills, Winfield, Iowa) and tap water ad lib. 
for at least 7 days before the beginning of an 
experiment. 

Enzymes and cofactors were obtained from 
Sigma Chemical Co. (St. Louis, MO). 

Experiment 1: Efect of acute ethanol ad- 
ministration on brain glycine levels 

Brain glycine levels were determined in animals 
which had been injected with ethanol (4 g/kg body 
wt) intraperitoneally (i.p.) as a 20 per cent (w/v) 
solution. Control animals received 0.9% NaCl. At 
selected intervals after the injection (15, 45, 90 
and 150 min), the mice were killed by immersion in 
liquid Nz and remained there for 2 min. The frozen 
mouse was wrapped in aluminum foil and stored in 
a stoppered jar at - 80“ until used. Procedures for 
the sampling of brain regions and for the pre- 
paration of tissue extracts have been described 
previously[8,9]. Glycine was measured by the 
enzymatic method of Berger et al. [lo]. Essentially, 
glycine was converted in two steps to glycolate 
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with D-amino acid oxidase (EC 1.4.3.3.), glyoxylate 
reductase (EC 1.1.1.26) and NADH. The NAD’ 
generated was measured by an indirect 
fluorometric procedure [9, lo]. 

Experiment 3: Plasma glycine levels after glycine 
injection 

Experiment 2: E#ect of glycine on ethanol-induced 
sleep time 

We followed essentially the procedures 
employed by Blum et al. [3,4]. 

(a) Simultaneous injection of glycine and 
ethanol. Mice were injected i.p. with a 0.9% NaCl 
solution containing glycine (3.4 g/l00 ml) and 
ethanol (20%, w/v). The volume injected was 
0.02 ml/g of body wt, which corresponds to doses 
of 9 m-moles/kg and 4 g/kg for glycine and ethanol 
respectively. The dose of glycine chosen was the 
same as that used by Blum et al.[3], in which they 
observed a synergistic effect with ethanol. Blum et 
al. [3] also used a lower dose of 4.5 m-moles/kg but 
did not observe any prolongation of the ethanol 
sleep time. Using this low glycine dose in our 
preliminary investigation, we also did not observe 
any prolongation of the ethanol sleep time. There- 
fore, we selected the above combination of glycine 
and ethanol. The dose of ethanol (4g/kg) was 
lower than the 4.6g/kg dose used by Blum et 
al. [3], but it is the same dose used in our previous 
investigations on ethanol sleep time[l l] and 
metabolic effects of ethanol[8]. 

In another experiment involving the simul- 
taneous injection of glycine and ethanol or glycine 
and saline, blood was collected from the tip of the 
tail in heparinized capillary tubes at 0, 5, 7.5, 15, 
30, 60 and 120 min after the injection. The plasma 
was separated after centrifugation. Perchloric acid 
extracts of the plasma samples were prepared as 
previously described [ 121. Glycine was measured in 
these samples (aliquots of 2 to 7 ~1 were used [ lo]). 

Experiment 4: Blood ethanol levels after glycine- 
ethanol injection 

Blood from mice treated the same way as in 
Expt. 2 above was collected at 10, 30, 80 and 
110 min after ethanol injection. Controls were in- 
jected with saline-ethanol. Blood ethanol was 
determined by the enzymatic method of Jones et 
a1.[13], using the procedure described 
previously [8]. 

Experiment 5: E#ect of glycine injection on brain 
glycine and GABA levels 

(b) Pretreatment with glycine. Mice were injected 
i.p. with a glycine solution in 0.9% NaCl (9 m- 
moles/kg from a 60 mglml solution) 30 min before 
injection of ethanol (4g/kg). The time between 
injection and loss of the righting reflex (RR) was 
defined as the sleep onset time. The time between 
loss and subsequent recovery of the RR was 
defined as the sleep time. Mice were considered to 
have regained the RR when they were able to right 
themselves onto all four paws three consecutive 
times within 30 sec. 

Mice were injected simultaneously with saline 
and glycine or ethanol and glycine. The doses for 
ethanol and glycine were the same as those used in 
Expt. 2(a). The mice were killed at 30 min after 
injection by the same method as described in 
Expt. 1. Tissue extracts were prepared[8,9] and 
they were analyzed for glycine[lO] and GABA[8]. 

Experiment 1 
It is seen from Table 1 that, among the four 

brain regions examined, the highest glycine level 
was in the medulla. Our values are somewhat 
higher than those reported for rats[6]. At 15,45,90 
and 150 min after an acute dose of ethanol (4 g/kg), 
no significant change in glycine level was obser- 

Table 1. Glycine content in regions t . Jf brain after an acute ethanol ad- 
mmlstration* 

RESULTS 

Sample 
Time 
(min) 

Saline 
(m-moles/kg wet wt) 

Ethanol 
(m-moles/kg wet wt) 

Cerebrum 15 1.42 f 0.08 1.59 + 0.09 
45 1.72 f 0.08 190~0.09 
90 1.7420.12 1.62 2 0.07 

150 1.77*0.10 1.59+0.13 
Cerebellum 15 1.44*0.17 1.4520.05 

45 1.56? 0.06 1.75kO.11 
90 1.60*0.17 1.44 * 0.05 

150 1.58+0.11 1.38?0.10 
Thalamus- 15 2.612 0.08 2.50 & 0.07 
hypothalamus 75 2.72 f 0.06 2.53 + 0.18 

90 2.612 0.22 2.5 1 -c 0.06 
150 2.64 2 0.09 2.38 2 0.07 

Medulla 15 7.08 + 0.19 6.98 + 0.14 
45 7.11 20.36 6.70 + 0.26 
90 7.87 2 0.30 7.412 0.54 

150 7.08 2 0.14 6.03?0.17t 

*The results represent the means f S. E. M. of eight to nine animals in each 
treatment group. Ethanol dose, 4 g/kg, i.p. 

tP 50.005. 
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ved, except in the medulla at 150 min, where a 12 
per cent decrease (P < 0.005) occurred. 

Expe~ment 2 
The simultaneous injection of glycine (9 m- 

moles/kg) and ethanol (4 g/kg) caused a significant 
increase (P < 0.05) in the ethanol sleep onset time, 
and a prolongation (23 per cent, PcO.05) of the 
sleep time was observed (Table 2). When glycine 
was injected 30 min before the injection of 
ethanol, there was also a si~ificant increase in the 
sleep onset time, but no significant change in the 
sleep time was observed when the injections were 
simultaneous (Table 2). 

Experiment 3 
Concentrations of glycine in the plasma of mice 

injected simultaneously with ethanol-glycine were 
much higher than in those injected with saline- 
glycine (Fig. I), especially during the first 6Omin. 
During this period, the rate of elimination of gly- 
tine from the plasma was also faster in the gly- 
tine-ethanol group (Fig. 1). 

Ex~e~ment 4 
It is seen from Fig. 2 that the concentrations of 

ethanof in the blood after the simultaneous ad- 
ministration of saline and ethanol did not differ 
significantly from those obtained after the in- 
jection of glycine and ethanol. Similarly, mice 
injected with saline or glycine 30min before 

e-0 Ethanol -glycine 

‘. w-4 Saline-glycine 
\ t 

4 

0 15 30 60 I20 

Time, mm 

Fig. 1. Plasma glycine levels at selected intervals after 
the simultaneous injection (i.p.) of ethanol-glycine or 
saline-glycine. Results are expressed in means -C S. E. M. 
N = 8 in each group. Key: (*) P < 0.001; (**) P < 0.005; 

and (t)P < 0.025. 

~0 Saline-Ethanol 
q Glycine-Ethanol 

t I 

Minutes 
Fig. 2. Concentrations of ethanol in the blood after the 
simultaneous injection fi.p.) of saline and ethanol, or 
glycine and ethanol. Results are presented as means r?; S. 
E. M. with eight mice represented in each group. 

Dosages: glycine, 9 m-moles/kg; ethanol, 4 g/kg. 

ethanol administration did not differ in their blood 
ethanol concentrations (Fig. 3). 

~~e~rnent 5 
When compared with the data shown in Table 1, 

the glycine levels in the cerebellum 8nd medulla at 
30 min after glycine injection were slightly ele- 

13 SaliwEthanol 
q Glycine.Et~anol 

Minutes 

Fig. 3. Concentrations of ethanol in the blood of mice 
injected (i.p.) with ethanol 30min after the injection of 
either saline or glycine. Dosages for glycine and ethanol 
were the same as those given in Fig. 2. Results are 

expressed in means 2 S. E. M. N = 8 in each group. 

Table 2. Effect of glycine on the ethanol-induced sleep time* 

Injection 
scheme 

Substance 
injected 

Sleep onset 
time 2 S. E. M. 

(min) 

Sleep time 
2 S. E. M. 

(min) 

Simultaneous Saline-ethanol 1.23 + 0.07 102.83 f 6.62 
Sim~taneous Glycine-ethanol 1.48iro.06 125.22 +- 8.78 

P < 0.05 P < 0.05 
Saline preinjectiont Saline-ethanol 1.40+-0.06 82.88 z!z 4.69 
Glycine preinjectiont Glycine-ethanol 1 .Yl +: 0.04 7863 z!z 2.36 

P cc 0.001 NS 

*Dosages: ethanol, 4g/kg; glycine, 9 m-moles/kg. N = 9 for each group. NS = 
not significant. 

thtjected i.p. 30 min before ethanol injection. 
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vated (group A, Table 3). The increases were 
relatively small when compared with the increases 
seen in plasma (Fig. 1). There was no significant 
difference in the glycine content in the mice in- 
jected with saline-glycine (group A) and in those 
injected with ethanol-glycine (group B). At 
150 min, the glycine concentrations in the two 
brain regions of both groups A and B returned to 
the same levels as those shown in Table 1 for 
saline-treated mice. GABA levels in the medulla 
were essentially the same in both groups A and B 
(Table 3). These values agree fairly well with those 
we reported previously[8] for the same strain of 
mice injected with saline or ethanol. In the cere- 
bellum the GABA level after saline-glycine in- 
jection (Table 3, group A) was slightly lower than 
that reported previously by us for mice 15 min 
after saline injection (1.36 f 0.05 m-moles/kg wet 
wt)[8]. A significant increase in GABA concen- 
tration was observed in the same brain region after 
ethanol-glycine injection (Table 3, group B). This 
elevated level was comparable to our previously 
reported data for mice at 15 and 45 min after 
ethanol injection (1.57 2 0.03 and 1.65 + 0.05 m- 
moles/kg wet wt respectively)[81. 

DISCUSSION 

Our results show that glycine, when injected 
either simultaneously with or before the injection 
of ethanol, significantly prolonged sleep onset 
time, but a significant increase (25 per cent) in 
sleep time was noted only when both substances 
were injected simultaneously (Table 2). This effect 
was in the same direction as that reported by Blum 
et al. [3]. However, these investigators reported 
that a combination dose of ethanol (4.6g/kg) and 
glycine (9 m-moles/kg) caused a duration of sleep 
approximately ten times the sum of the sleep time 
when ethanol was given alone. This very large 
increase may be related to the unusually low sleep 
time (less than 10 min) reported by these workers 
in mice injected with saline-ethanol. While 
differences in ethanol sleep time for a given dose 
of ethanol in different strains of mice are not 

*Information provided by a reviewer of this paper. 
tDr. Peter Gessner, Dept. of Pharmacology, 

SUNYAB, Buffalo, NY, personal communication. 

uncommon[l4], a dose of 4.6g/kg, in general, 
would be expected to produce a sleep time of 
much more than 10 min. Blum et a[.[31 used 
Swiss-Webster mice from a Texas source.* Ac- 
cording to Gessner,t the EDDY for ethanol in Swiss- 
Webster mice that would maintain a sleep time of 
longer than 25 min was 3.6g/kg. For the short- 
sleep strain (SS) of mice, a strain selectively bred 
for low sensitivity to the acute effect of 
ethano1[15], the mean sleep time after an ethanol 
dose of 4.1 g/kg was reported to be about 
20min[l6]. Therefore, it appears that the 
difference in magnitude of the glycine-induced 
prolongation of ethanol sleep time between this 
study and that of Blum et al.[3] is due mainly to 
the abnormally low sleep time in the control ani- 
mals used by these investigators. 

Blum et al.[3] reported that equivalent concen- 
trations of ethanol in the blood and brain were 
obtained from mice treated simultaneously with 
saline-ethanol and glycine-ethanol. This led to 
their suggestion that a direct interaction of glycine 
and ethanol might exist in the CNS[3]. These 
workers also reported that, when a higher dose of 
glycine (20m-moles/kg) was given orally to rats 
30 min before ethanol, the blood-alcohol levels at 
30 min and 2 hr post-ethanol were about : and ‘, of 
the levels in rats treated similarly with water and 
ethanol respectively[4]. These results suggested 
that glycine, being more pronounced in the early 
phase, suppressed the rate of absorption of 
ethanol. Since in our experiments glycine and 
ethanol were injected intraperitoneally, the results 
cannot be compared directly to those of Blum et 
al. [4]. Nevertheless, our observation that ethanol 
sleep onset time was prolonged when glycine was 
injected either simultaneously with or before 
ethanol injection seems to indicate that at least the 
initial absorption of ethanol might have been 
suppressed by the presence of glycine. If this 
actually happened, the inhibition must have been 
transient, since our determinations of the blood- 
alcohol levels, as early as 10 min, did not reveal 
any significant difference between the saline- 
ethanol and glycine-ethanol groups (Figs. 2 and 3). 

During the period that the mice lost the righting 
reflex, ethanol did not cause any change in the 
glycine concentrations in various brain regions 
(Table 1). Blum et a/.[31 hypothesized that the 

Table 3. Glycine and GABA levels in the cerebellum and medulla after 
glycine-ethanol injection* 

Brain 
region 

Cerebellum 

Medulla 

Glycine GABA 
Group (m-moles/kg wet wt) (m-moles/kg wet wt) 

At 2.15?0.16 1.15~0.03 
BS 1.98?0.10 1.53 + 0.06§ 
At 8.3OkO.18 1.81 %0.07 
BS 8.012 0.36 1.90 2 0.04 

*Mice were sacrificed at 30 min after injection. Values expressed were 
means % S. E. M. (N = 8 in each group). 

tMice injected (i.p.) with saline and glycine (9 m-moles/kg) simul- 
taneously. 

*Mice injected with ethanol (4 g/kg) and glycine (9 m-moles/kg) simul- 
taneously. 

9Significantly different from group A, P < 0.001. 
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potentiation observed between glycine and ethanol 
might be due to the inhibitory action of glycine on 
glutamine metabolism, which in turn led to an 
increased production of GABA. Our results in- 
dicate that, despite the large increase in plasma 
glycine levels after glycine injection, brain glycine 
levels were not greatly elevated (Table 3). At least 
part of the elevated glycine levels observed in the 
cerebellum and medulla (Table 3) was in the ex- 
tracellular space, due to the high plasma glycine 
levels. Moreover, there was no significant 
difference in brain glycine content in the mice 
injected with saline-glycine and in those injected 
with ethanol-glycine, indicating that the blood- 
brain barrier to glycine was not altered by ethanol. 
We measured glycine levels in the plasma and 
brain only in the case of simultaneous injection of 
both glycine and ethanol, because, in this instance, 
plasma glycine concentrations would be higher 
(compared to glycine preinjection) when the 
blood-ethanol level was appreciable. Also, a 
prolongation of ethanol sleep time was observed 
only with this treatment. A significant (P < 0.001) 
increase in GABA content was observed in the 
cerebellum in mice injected with ethanol-glycine 
compared to those injected with saline-glycine 
(Table 3). However, this elevated GABA level was 
essentially similar to that reported previously by 
us for mice injected with ethanol alone[S]. There- 
fore, a combination of ethanol and glycine did not 
result in a higher cerebellar GABA concentration 
than that which resulted from the injection of 
ethanol alone. 

It is of interest to note that higher plasma gly- 
tine levels were obtained in mice injected (i.p.) 
simultaneously with glycine-ethanol than in those 
injected with glycine-saline (Fig. 1). This 
phenomenon was consistently observed when the 
experiment was repeated. These results were the 
opposite of those expected when the substances 
were administered orally, since Chang et al. [17] 
and Israel et al.[18] have demonstrated that 
ethanol inhibited the active transport of a number 
of amino acids in the intestine. We cannot readily 
explain the observed higher plasma glycine levels 
in the case of the intraperitoneal injection of gly- 
tine-ethanol. This effect may be related to an 
increase in blood flow by ethanol, thereby increas- 
ing the absorption of glycine from the abdominal 
cavity. There is a paucity of information concern- 
ing the effect of ethanol on the peripheral 
vasculature [ 191. Reports concerning the circula- 
tory status of alcohol-treated subjects have been 
conflicting, some claiming an increase in plasma 
and blood volume [20,21], whereas others report a 
decrease [22] or no change [23-251. Other factors, 
such as differences in the distribution and rate of 
elimination of glycine, might also contribute to the 
observed difference. After the initial higher plasma 
glycine level was attained (within 5 min, Fig. 1) in 
the mice injected with ethanol glycine, a much 
faster disappearance of glycine from the plasma 
followed. This could be due to an increased ex- 
cretion of glycine, or a redistribution of glycine in 
other tissues. It has been reported[26] that ethanol 
inhibited in vivo the uptake of amino acids by the 
liver and kidney in rats. 

In conclusion, we have observed a small degree 
of interaction between glycine and ethanol which 
was reflected in a prolongation of ethanol sleep 
time in mice infected simultaneously with the two 
substances. This was in contrast to the results of 
Blum et al.[3], who reported a IO-fold increase in 
sleep time. Our results indicate that the observed 
glycine-ethanol interaction was not a result of an 
alteration of the rate of ethanol metabolism; also, 
it was unlikely to be a result of a glycine-induced 
elevation of GABA in the brain, as suggested by 
Blum et al.[3]. We cannot exclude the possibility 
that there might be localized accumulations of 
glycine in discrete areas of the brain as a result of 
increased plasma glycine concentrations. In these 
areas the physiological response to the inhibitory 
actions of glycine might be altered by ethanol. A 
combination of these factors might contribute to 
the observed potentiation of ethanol sleep time. 
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