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ABSTRACT 

The intracerebroventricular injection of taurine (1 ymole) in 

the mouse produces a hypothermia. However, this effect may be non

specific because a general behavioral depression also occurs. The 

intraperitoneal injection of taurine (9.0 to 21.3 mmole/kg) in the 

mouse produces a dose-related decrease in temperature, conditioned 

drinking, and conditioned eating. The intraperitoneal injection of 

taurine only affects hypothalamic behaviors because other general 

behaviors are not affected. Taurine (21.3 mmole/kg) does not affect 

rotarod performance, Sidman avoidance performance, or shuttle-box 

performance; and the 13.8 mmole/kg dose of taurine does not affect 

motor activity. However, a very high dose of taurine (50.4 mmole/kg) 

does produce an observable behavioral depression. 

The time course of the hypothalamic effects correlate with 

the increase in the plasma concentration of taurine above 4 ymole/ml. 

Also, the hypothalamus was the only brain area which had a large and 

consistent increase in taurine concentration after the intraperitoneal 

injection of taurine. However, the change in the hypothalamus does 

not correlate with the hypothermia. A possible explanation is that 

the intracellular concentration of taurine in the hypothalamus may not 

be important for the regulation of hypothalamic functions. Taurine 

probably acts on the external surface of the neuronal cells, and, 

therefore, the interstitial concentration of taurine is more important 
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than the intracellular concentration for the determination of the 

effect of taurine. 

The extent of hypothermia, after the intraperitoneal injection 

of taurine, was the same at a room temperature of 5°C or 23°C. Even a 

small decrease in body temperature occurred at a room temperature of 

36°C. Taurine also produced a hypothermia in 6-hydroxydopamine pre-

treated mice or in adrenalectomized mice. Taurine (21.3 mmole/lcg) did 

not affect the concentration or turnover rate of dopamine or norepi

nephrine in the hypothalamus. Taurine also did not affect the tem

perature response, motor activity, or the salivation produced by 

amphetamine. Therefore, the effect of taurine is independent of 

peripheral adrenergic structures, any system affected by amphetamine, 

or biogenic amines in the hypothalamus. 

Peripheral cholinergic blockade or indirect stimulation by 

inhibition of acetylcholinesterase does not influence the effect of 

taurine on temperature, drinking, or eating. The use of peripherally 

and centrally active cholinergic agents also does not alter the 

effects of taurine. Therefore, the effect of taurine does not depend 

on cholinergic neurons in either the peripheral or central nervous 

system. 

The effects produced by taurine are not unique. 3-Alanine, 

3-aminopropane sulfonic acid, aminomethane sulfonic acid, glycine, 

Y-aminobutyric acid, and a-aminoisobutyric acid were all effective in 

decreasing temperature, conditioned drinking, and conditioned eating 

in the same dose range as taurine. 
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It is concluded that taurine, after intraperitoneal injection, 

only decreases behaviors mediated by the hypothalamus. The actual 

mechanism by which taurine produces such effects is not known. 

However, the hypothalamic effects of taurine do not involve peripheral 

adrenergic or cholinergic systems, central cholinergic systems, any 

system affected by amphetamine, or biogenic amines in the hypothal

amus. The possibilities remain that taurine may interact with a 

glycine, y-aminobutyric acid, or taurine receptor in the hypothalamus, 

or the effect may not be on a specific receptor and only involve a 

direct action on neuronal membranes. 



CHAPTER 1 

INTRODUCTION 

Taurine (2-aminoethane sulfonic acid) is a naturally occurring 

compound. Jacobsen and Smith (1968) reported that taurine was first 

identified as a normal constituent of living organisms in 1827. 

Taurine has since been identified in all organs of mammals. The 

highest concentrations of taurine occur in electrically excitable 

tissues such as the heart, skeletal muscle, and brain (Jacobsen and 

Smith, 1968; Gaitonde, 1970). 

Taurine has a molecular weight of 125. The stilfonic acid 

group has a pK^ of 1.5 and the amine group has a pK^ of 8.74. There

fore, in solution at a physiological pH of 7.4, taurine exists as a 

zwitterion. 

Biochemistry of Taurine in the Brain 

The concentration of taurine in the whole brain has been re

ported to be as high as 5 ymole/g (Gaitonde, 1970) and has a regional 

distribution. In the cat and rat, the highest concentrations of 

taurine (2 to 7 ymole/g) occur in the cerebral cortex and striatum, 

while the lowest concentrations (less than 2 ymole/g) occur in the 

hypothalamus and medulla (Agrawal, Davison, and Kaczmarek, 1971; 

Collins, 1974; Cutler and Dudzinslci, 1974; Shank and Aprison, 1970; 
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Kandera, Levi, and Lajtha, 1968; Guidotti, Badiani, and Pepeu, 1972; 

Timiras, Hudson, and Oklund, 1973). 

The brain is able to maintain a high concentration of taurine 

because brain cells possess at least two active uptake mechanisms for 

taurine (Collins, 1974; Davison and Kaczmarelc, 1971; Honegger et al., 

1973; Kaczmarek and Davison, 1972; Lahdesmaki and Oja, 1972, 1973; 

Oja and Lahdesmaki, 1974). Both uptake processes are saturable and 

energy dependent (Lahdesmaki and Oja, 1973). One uptake system has a 

low affinity for taurine, but a high transport capacity; while the 

second uptake system has a higher affinity, but a lower transport 

capacity (Collins, 1974; Lahdesmaki and Oja, 1973; Oja and Lahdesmaki, 

1974). In the rat brain, there is also a regional variation in the 

uptake of taurine. For example, the uptake by the cerebral cortex is 

150 pmole/g/min, for the medulla 50 pmole/g/min, and for the hypo

thalamus 100 pmole/g/min (Collins, 1974). A large percentage of the 

active uptake of taurine may occur in presynaptic nerve-ending 

particles (Sieghart and Karobath, 1974). 

Endogenous brain taurine is normally released very slowly and 

has a long turnover time (Gaitonde, 1970; Boquet and Fromageot, 1965). 

Spaeth and Schneider (1974) reported that the half-life of taurine in 

the whole brain of the rat was in excess of 3 days. Sturman (1973) 

also reported a slow turnover of taurine in the rat brain with a 

half-life of 3 to 7 days. Collins (1974) reported regional differ

ences in the turnover of taurine in the rat brain. A mean half-life 

of 10 hr for the turnover of taurine in the whole brain was calculated 
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from the release of taurine for the first 4 hr. The turnover of 

taurine in the striatum has the shortest half-life (9 hr) , in the 

medulla the longest half-life (16 hr), and in the hypothalamus an 

intermediate half-life (12 hr). However, some brain areas have a 

second half-life of 2 to 10 days, if calculated from a release curve 

between 6 hr and 4 days. 

A synthetic pathway to taurine from cysteine occurs in the 

brain and is illustrated in Figure 1. Cysteine is oxidized to 

cysteine-sulfinic acid, which is then decarboxylated to hypotaurine, 

which is then oxidized to taurine (Collins, 1974; Gaitonde, 1970; 

Agrawal, Davison, and Kaczmarek, 1971). The decarboxylatxng enzyme, 

cysteine-sulfinic acid decarboxylase (EC 4.1.1.29), which catalyzes 

the step from cysteine-sulfinic acid to hypotaurine, has also been 

identified in the brain and may occur at a high concentration in 

nerve-endings (Oja, Karvonen, and Lahdesmaki, 1973; Agrawal, Davison, 

and Kaczmarek, 1971). 

Taurine from exogenous sources does not readily cross the 

blood-brain barrier, and, therefore, does not easily enter the brain, 

because at a physiological pH of 7.4 taurine is zwitterionic (Peck and 

Awapara, 1967). After the intraperitoneal injection of 4 mmole/kg of 

taurine, there are no central nervous system effects (Purpura et al., 

1959). However, trace amounts of radiolabeled taurine do exchange 

easily across the blood-brain barrier (Iluxtable and Bressler, 1972; 

Urquhart et al., 1974). From this it appears that taurine in the 

brain mixes well with the extracellular taurine, but the concentration 



NH2-CH-CH2-SH Cysteine 

COOH 

NH2-CH-CH2-S02H Cy stein e-
COOH Sulphinic Acid 

NH2-CH2CH2-S02H Hypotaurine 

NH2-CH2-CH2-S03H Taurine 

Figure 1. The Biosynthetic Pathway of Taurine Synthesis in the Brain 
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of taurine in the brain is not easily influenced by changes in the 

extracellular concentration of taurine. 

Endogenous taurine in the brain undergoes little metabolism 

(Peck and Awapara, 1967; Gaitonde, 1970; O'Keeffe and Smith, 1973; 

Federici et al., 1974). Even 5 days after an injection of radio

labeled taurine, 91% of the radioactivity in the brain is still 

present as taurine (Huxtable and Bressler, 1972). 

The concentration of taurine in the newborn mouse or rat is 

very high, being in excess of 16 ymole/g in some brain areas (Cutler 

and Dudzinski, 1974; Oja and Piha, 1966; Timiras, Hudson, and Olclund, 

1973; Agrawal, Davis, and Himwich, 1968; Agrawal, Davison, and 

Kaczmarek, 1971). In general, the newborn animal has approximately 

4 times the concentration of taurine in each brain region as the adult 

animal (Oja and Piha, 1966; Cutler and Dudzinski, 1974; Timiras, 

Hudson, and Olclund, 1973; Agrawal, Davison, and Kaczmarek, 1971). In 

contrast, the cysteine-sulfinic acid decarboxylase activity is low in 

the newborn and increases 10-fold in the adult animal (Agrawal, 

Davison, and Kaczmarek, 1971). Therefore, the change in the concen

tration of taurine after birth cannot be correlated with endogenous 

taurine synthesis (Agrawal, Davison, and Kaczmarek, 1971). 

Cultured glial tumor cells are also capable of synthesizing 

taurine and possess an active uptake system for taurine (Schrier and 

Thompson, 1974). The uptake by glial cells has been postulated to be 

more important for the removal of extracellular taurine than the 

uptake into neurons (Ehinger, 1973). 
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Taurine has recently been suggested to be a neurotransmitter 

(Davison and Kaczmarek, 1971; Oja and Lahdesmaki, 1974). Taurine is 

present in neurons of the brain (Agrawal, Davison, and Kaczmarek, 

1971), and is present at a high concentration in synaptic vesicles 

isolated from the brain (DeBelleroche and Bradford, 1973). The syn

thesizing enzyme, cysteine-sulfinic acid decarboxylase, is also 

present at a high concentration in nerve-ending particles (Agrawal, 

Davison, and Kaczmarek, 1971). Taurine may be released as a neuro

transmitter because brain slices, which have been preloaded with 

radiolabeled taurine, show an increased rate of efflux of taurine 

after electrical stimulation (Davison and Kaczmarek, 1971; Kaczmarek 

and Davison, 1972; Collins and Topiwala, 1974). Since taurine is not 

metabolized (Huxtable and Bressler, 1972), there must be an active 

uptake system for terminating the extracellular action of taurine. 

Sieghart and Karobath (1974) have described an active uptake system 

for taurine in nerve-ending particles. Therefore, taurine is present, 

synthesized, released, and inactivated by neurons of the brain. 

Two other observations indicate that taurine may be a neuro

transmitter. Firstly, the decarboxylation of cysteine-sulfinic acid 

to hypotaurine is increased in brain slices after electrical stimula

tion (Oja, Karvonen, and Lahdesmaki, 1973). Secondly, taurine has 

direct depressant effects upon neurons after microiontophoretic injec

tion. Taurine depressed the spontaneous neuronal firing rates, after 

iontophoretic injection, of neurons in the spinal cord (Curtis and 
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Watkins, 1965), brainstem (Haas and Hosli, 1973), and cerebral cortex 

(Crawford and Curtis, 1964). Taurine also hyperpolarized spinal 

neurons after iontophoretic injection (Curtis and Crawford, 1969). 

The spontaneous action potentials of incubated cerebellar slices are 

also decreased in frequency to 3% of control by the addition of 0.3 mM 

taurine to the bathing medium (Okamoto and Quastel, 1973). The ionto

phoretic effect of taurine is of short duration and complete recovery 

occurs within minutes (Haas and Hosli, 1973). The depression produced 

by taurine after iontophoretic injection has also been separated from 

that produced by y-aminobutyric acid by the use of strychnine to block 

the taurine effect (Haas and Hosli, 1973). 

Taurine also has direct effects upon membrane permeability or 

the transport of ions across the cell membrane of muscle (Gruener et 

al., 1975). It was reported that taurine shortened the action poten

tial duration of muscle fibers, by increasing the rate of depolariza

tion and repolarization. Huxtable and Bressler (1973) have also 

reported that taurine exerts a membrane stabilizing effect" on intra

cellular muscle membranes. 

However, there is not total agreement that taurine is a neuro

transmitter in the brain. Honegger et al. (1973) found that only 

27% of the endogenous taurine is in nerve-endings, whereas about 40% 

of the endogenous glycine or y-aminobutyric acid (putative neuro

transmitters) is in nerve-endings. Also, the high affinity uptake 

-4 -5 
process has a Km of 2 x 10 to 5 x 10 , and this is at least an 

order of magnitude greater than that normally considered necessary to 
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remove rapidly the neurotransmitter from the extracellular space 

(Honegger et al., 1973; Lahdesmaki and Oja, 1972). 

Taurine as an Anticonvulsant 

Taurine has at least a modulating effect on neurons in the 

central nervous system because taurine is an effective suppressor of 

seizures and epilepsy. Van Gelder (1972) reported that taurine, 

0.6 - 1.6 mmole/kg, injected intraperitoneally or subcutaneously, will 

antagonize both the duration and occurrence of epilepsy in mice and 

cats made epileptic by applying cobalt powder to the cortex of the 

animal. Mutani, Bergamini, Fariello, and Delsedine (1974) reported 

that the injection of taurine, 0.8 - 1.2 mmole/kg, intravenously, re

duced the epileptic spike frequency of the EEG in cats made epileptic 

by applying to the cerebral cortex either penecillin G, strychnine, or 

a mixture of conjugated estrogens. Mutani, Bergamini, Delsedine, and 

Durelli (1974) reported that taurine, 1.6 mmole/kg, twice a day for 2 

to 4 days, decreased the EEG spike activity of epilepsy produced in 

cats by applying alumina to the cortex. The intracerebroventricular 

injection of taurine, 11 - 22 ymole/kg, to mice also suppressed 

pentylenetetrazole seizures (Izumi, Igisu, and Fulcuda, 1974). Simi

larly, Adembri et al. (1974) reported that taurine, 4 mmole, intra-

arterially, reduced epileptic seizures in brainstem transected cats 

after application of cobalt or physostigmine to the cortex or an 

intravenous infusion of strychnine. Taurine 0.5 - 9.5 ymole, cerebro-

ventricularly, is also effective against ouabain-induced seizures in 

the rat by increasing the latency to convulsion and decreasing the 
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severity of the convulsions (Barbeau and Donaldson, 1974; Izumi et 

al., 1973). In the photosensitive baboon, Papio papio, the injection 

of taurine, 1.6 nunole/kg, intraperitoneally, three times a day for 2 

days, decreased the clinical signs of photic stimulation, with no 

neural toxicity (Derouaux, Puil, and Naquet, 1973). Barbeau and 

Donaldson (1973, 1974) reported some success in the treatment of human 

epilepsy with taurine, and Bergamini et al. (1974) also reported that 

taurine, 1.2 - 1.6 mmole/kg, intravenously, twice a day for 5 days, 

was effective against some types of human epilepsy. 

Taurine may exert an antiepileptic effect because epilepto

genic foci of human brains have decreased levels of taurine 

(Van Gelder, Sherwin, and Rasmussen, 1972). The concentration of 

taurine is also decreased in the epileptic cortex of rats treated 

with cobalt powder to the cortex (Craig and Hartman, 1973). Kar and 

Matin (1974) also reported that the convulsions produced by p,p'-DDT 

in mice occur at the same time as a decrease in the taurine content of 

the cerebral hemispheres. The administration of taurine also appears 

to correct the abnormal electrical activity of the EEG. The appli

cation of taurine, 25 mM in the cortical superfusate, to the cat 

cortex produces an increase in the amplitude of the EEG and eliminated 

the taurine efflux associated with seizures (Kaczmarelc and Adey, 

1974). The abnormal EEG was also corrected by taurine after epilep-

togenicity was produced by the application of cobalt to the cortex 

(Van Gelder, 1972), the application of penicillin G, strychnine, or a 

mixture of conjugated estrogens to the cortex (Mutani, Bergamini, 



Fariello, and Delsedine, 1974), the application of cobalt powder or 

physostigmine to the cortex or injecting strychnine intravenously 

(Adembri et al., 1974), or the application of alumina to the cortex 

(Mutani, Bergamini, Delsedine, and Durelli, 1974). These results sug

gest that taurine may have a functional role in the central nervous 

system and decreases in the concentration of taurine may lead to 

abnormal electrical activity. 

Further evidence has been provided that taurine has an impor

tant role in the central nervous system. Perry et al. (1975) have 

reported on a family with a hereditary deficiency of taurine in the 

brain. The subjects suffered from depression, tremor, sleep disturb

ances, weight loss, and a difficulty in judging distances. The only 

abnormality reported in one member of the family was a decreased 

level of taurine in the blood and cerebrospinal fluid (examined one 

week before death) as well as in all areas of the brain (examined 

post mortem). 

The General Behavioral Effects 
Produced by Taurine Administration 

The intracerebroventricular injection of 1 - 5 ymole of 

taurine in the mouse produced a grossly observable general depression 

(Crawford, 1963; Gulati and Stanton, 1960). This depression is char

acterized as a decrease in spontaneous movement, ataxia, and a muscle 

flaccidity. Izumi, Igisu, and Fulcuda (1974) also reported that 

taurine, 12 - 24 ymole/kg, given cerebroventricularly, depressed mice 

as evidenced by a loss of balance, decreased exploration, and 
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irregular respiration. In the rat, either the cerebroventricular or 

intracisternal injection of taurine, 20 ymole, produced respiratory 

depression, loss of the righting reflex, ataxia, and a general behav

ioral depression (Sgaragli and Pavan, 1972). Baskin et al. (1974) 

reported that the cerebroventricular injection of taurine, 0.2 - 0.5 

ymole, depressed the habituated spontaneous locomotor activity of 

rats. They also reported that 12 - 24 ymole/kg of taurine injected 

intraperitoneally in rats decreased the habituated spontaneous 

locomotor activity. 

The Possible Involvement of 
Taurine on Hypothalamic Functions 

The primary control of temperature regulation and drinking and 

eating behavior is exerted by the hypothalamus (Patton, 1965). In 

mammals the hypothalamus is the most important structure in the cen

tral nervous system concerned with the regulation of temperature 

(Chaffee and Roberts, 1971; Gale, 1973; Cooper, 1966; Hammel, 1968), 

drinking behavior (Blass, 1973; Fisher and Coury, 1964; Morgane, 1969; 

Fitzsimons, 1972), and eating behavior (Lepkovslcy, 1973; Baile, 1974; 

Balagura, 1970; Bell, 1971; Panksepp, 1974; Morgane and Jacobs, 1969). 

Taurine may have effects on these three behaviors. Firstly, 

taurine has been reported to produce a hypothermia in rats after the 

cerebroventricular injection of 80 ymole/kg (Sgaragli and Pavan, 

1972). In rats the depth of the hypothermia was dependent on the room 

temperature. For instance, at a room temperature of 37°C the admin

istration of taurine did not result in a drop in body temperature, 
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while at a room temperature of 24°C a fall in body temperature of 4°C 

was recorded in 60 min. In addition, at a room temperature of 4°C the 

rats lost more than 6°C in 30 min. 

Secondly, a short report indicates that the long-term adminis

tration of taurine appears to decrease feeding behavior in mice 

(Fujihira, Takahashi, and Nalcazawa, 1970). 

Thirdly, in aquatic organisms such as the mussel, echinoderms, 

flounder, and the three-spined stickleback, taurine has been reported 

to be important in osmoregulation (Lange, 1963, 1964; Lange and 

Fugelli, 1965). In these species taurine is important because the 

cells change their osmotic pressure by changing their taurine concen

tration, and thus spare other metabolizable amino acids from this 

function. While this effect does not directly involve the hypothal

amus, taurine may have some role in mammals concerning water balance. 

The Regulation or Modification 
of Hypothalamic Functions 

Since taurine affects hypothalamic functions, the regulation 

or modification of these functions by neurotransmitters is important 

for determining a possible mechanism for the action of taurine. 

Adrenergic Transmitters 

Norepinephrine is an important neurotransmitter involved with 

the regulation of temperature and eating behavior. The cerebroven-

tricular injection of norepinephrine in the rat produces an increase 

in temperature (Lomax, Foster, and Kirkpatriclc, 1969; Myers and Yaksh, 

1968; Avery, 1971; Lomax and Knox, 1973), while in the mouse 



(Brittain and Handley, 1967; Handley and Spencer, 1972) and cat 

(Burks, 1972) norepinephrine produces a decrease in temperature. 

After cerebroventricular injection, norepinephrine also stimulates 

feeding and eating behavior, even in satiated animals (Friedman, 

Starr, and Gershon, 1973; Leibowitz, 1970; Miller, Gottesmann, and 

Emery, 1964; Ritter, Wise, and Stein, 1975; Davis and Keesey, 1971; 

Wagner and DeGroot, 1963; Myers and Yaksh, 1968; Hoebel, 1971; 

Balagura, 1970; Broeldcamp et al., 1974; Grossman, 1960, 1962a, 1962b). 

However, even the cerebroventricular injection of norepinephrine does 

not affect thirst or drinking behavior (Myers and Yaksh, 1968; Miller, 

Gottesmann, and Emery, 1964; Grossman, 1960, 1962a, 1962b). In 

contrast, the peripheral function of norepinephrine in temperature 

regulation is primarily concerned with the maintance of a normal body 

temperature (Sellers and Flattery, 1973). 

Cholinergic Transmitters 

Acetylcholine or compounds that act like acetylcholine 

(cholinomimetics) also affect hypothalamic functions. The cerebro

ventricular injection of cholinomimetics produces an increase in the 

temperature of the rat (Kirkpatrick and Lomax, 1967; Meeter and 

Wolthuis, 1968; Avery, 1971; Brimblecombe, 1973; Myers and Yaksh, 

1968) and a decrease in the temperature of the mouse (Ankier, 

Brittain, and Jack, 1971; Brimblecombe, 1973). Cholinomimetics 

injected cerebroventricularly stimulate drinking behavior, even in 

satiated animals (Khavari and Russell, 1969; Barrelet, 1974; Miller, 

Gottesmann, and Emery, 1964; Fisher and Coury, 1962; Levitt and 
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Boley, 1970; Devor et al., 1970; Glardina and Fisher, 1971; Grossman, 

1960, 1962a, 1962b). 

The peripheral injection of cholinomimetics also produces a 

decrease in temperature in the mouse (Brimblecombe, 1973). In 

contrast, the systemic injection of cholinergic blockers in the rat 

results in a decrease in temperature (Kirlcpatrick and Lomax, 1967; 

Brimblecombe, 1973; Khavari and Russell, 1969). The systemic 

injection of cholinergic blockers in the rat also results in a 

decrease in drinking behavior (Glick and Greenstein, 1973) and a 

decrease in eating behavior (Glick and Greenstein, 1973; Lonowski and 

Levitt, 197.1; Sciorelli, Poloni, and Rindi, 1972). 

Metabolizable Amino Acids 

Taurine may also act as a tranportable but non-metabolizable 

amino acid. After intraperitoneal injection, metabolizable amino 

acids depress feeding behavior by a non-specific interaction with some 

cellular mechanism that assesses the nutritional state of the animal 

(Booth, Chase, and Campbell, 1970; Rogers and Leung, 1973). This 

response may also be mediated through the hypothalamus because amino 

acids injected directly into the hypothalamus decrease feeding 

behavior (Panlcsepp and Booth, 1971). 

The Use of Some Pharmacological Tools to 
Alter Functions Mediated by the Hypothalamus 

Since taurine may alter hypothalamic functions, it is 

desirable to test the effect of taurine on these functions after a 

specific pharmacological manipulation has been performed. 



Adrenergic Functions 

The role of norepinephrine or dopamine in the action of a drug 

can be determined by measuring a change in their concentration or 

turnover rate. An estimation of the turnover rate can be made after 

the endogenous synthesis of norepinephrine and dopamine is blocked 

with a-methyl-p-tyrosine, which inhibits tyrosine hydroxylase 

(Nagatsu, Levitt, and Udenfriend, 1964; Spector, Sjoerdsraa, and 

Udenfriend, 1965). After administration of a-methyl-p-tyrosine, the 

concentration of dopamine and norepinephrine decreases (Dominic and 

Moore, 1969). The rate of disappearance can then be used as an index 

of the neuronal activity involved with an alteration of function 

(Spector, Sjoerdsma, and Udenfriend, 1965; Dominic and Moore, 1969). 

One method for evaluating the importance of norepinephrine in 

the peripheral tissues is the change in response that occurs after 

6-hydroxydopamine. In adult mice, the intraperitoneal injection of 

6-hydroxydopamine results in a large decrease in the normal content 

of norepinephrine at 24 hr after injection in all end organs inner

vated by the sympathetic nervous system as well as in sympathetic 

ganglia, but not in the brain (Kostrzewa and Jacobowitz, 1974). The 

effect of 6-hydroxydopamine is specific to noradrenergic neurons, 

but 6-hydroxydopamine does not affect the adrenal medulla (Sachs and 

Jonsson, 1975). Therefore, 6-hydroxydopamine greatly reduces 

peripheral noradrenergic sympathetic responses, except those which 

are associated with the adrenal medulla. 
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The possible effect on temperature regulation of adrenergic 

transmitters in the hypothalamus can be determined by the administra

tion of d-amphetamine. The intraperitoneal injection of d-amphetamine 

to mice resulted in a hyperthermia (Cacia et al., 1973; McCullough, 

Milberg, and Robinson, 1970). This d-amphetamine response may occur 

by either a central or peripheral mechanism (Cacia et al., 1973; 

McCullough, Milberg, and Robinson, 1970), but it does depend on the 

ability of d-amphetamine to enter the neuron (Azzaro, Ziance, and 

Rutledge, 1974). Since d-amphetamine alters temperature regulation, 

the involvement of other compounds acting on temperature regulation 

or the hypothalamus through a mechanism similar to that of d-amphet

amine can be identified by changes in the normal temperature response 

produced by d-amphetamine. 

Also, d-amphetamine produces an increase in the motor activity 

(Banerjee and Lin, 1973; Maickel, Levine, and Quirce, 1974; Creese and 

Iversen, 1975) and the salivation of mice (Maling, Williams, and 

Koppanyi, 1972). The effect of other compounds can then be measured 

by a comparison to the motor activity and salivation produced by 

d-amphetamine. 

Cholinergic Functions 

The function of the peripheral and central cholinergic nervous 

system can be measured by the use of cholinergic receptor blockers or 

acetylcholinesterase inhibitors. While cholinergic receptor blockers 

decrease the activity of acetylcholine by blocking the cholinergic re

ceptor and blocking impulse transmission (Cullumbine, 1971; Innes and 
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Nickerson, 1970; Meyers, Jawetz, and Goldfien, 1970b), cholinesterase 

inhibitors increase the activity of acetylcholine by preventing its 

enzymatic breakdown by acetylcholinesterase and enhancing impulse 

transmission (Voile, 1971; Meyers, Jawetz, and Goldfien, 1970a; 

Koelle, 1970). To distinguish between peripheral and central effects, 

quaternary analogues can be used which are devoid of central effects. 

Atropine blocks central and peripheral muscarinic acetylcholine 

receptors, while methyl atropine only blocks the peripheral muscarinic 

acetylcholine receptors (Kuschinslcy and Liillmann, 1973; Cullumbine, 

1971; Meyers, Jawetz, and Goldfien, 1970b; Innes and Nickerson, 1970). 

Similarly, eserine (physostigmine) inhibits central and peripheral 

acetylcholinesterases, while neostigmine only inhibits the peripheral 

acetylcholinesterases (Kuschinsky and Liillmann, 1973; Koelle, 1970; 

Meyers, Jawetz, and Goldfien, 1970a; Voile, 1971). Thus by the selec

tion of the appropriate agent, it is possible to differentiate between 

central and peripheral cholinergic interactions with another drug. 

Amino Acid Functions 

The effect of amino acids on hypothalamic functions can be 

measured by the use of an unusual amino acid. This amino acid, 

a-aminoisobutyric acid, is not metabolized (Noall et al., 1957), but 

is actively transported (Schultz and Curran, 1970; Yatvin, Gerber, and 

Deroo, 1974). Therefore, a-aminoisobutyric acid produces all of the 

general effects of amino acids, such as uptake competition and osmotic 

effects, but has none of the metabolic effects. 



Effects of Taurine Analogues 

Many compounds related structurally to taurine also have some 

of the same effects as taurine. Glycine, (3-alanine, y-aminobutyric 

acid, or 3-aminopropane sulfonic acid will depress the firing rate of 

spinal neurons after iontophoretic injection (Curtis, Phillis, and 

Watkins, 1959; Curtis and Watkins, 1960; Edwards and Kuffler, 1959; 

Curtis and Crawford, 1969; Curtis, Hosli, and Johnston, 1968; Curtis, 

Hbsli, Johnston, and Johnston, 1968). y-Aminobutyric acid and 

3-aminopropane sulfonic acid are also effective anticonvulsants 

(Izumi et al., 1973; Adembri et al., 1974). 

In the mouse the cerebroventricular injection of 3-alanine, 

y-aminobutyric acid, or 3-aminopropane sulfonic acid will depress 

general behavior more strongly than taurine (Gulati and Stanton, 1960; 

Crawford, 1963). In the rat the cerebroventricular injection of 

Y-aminobutyric acid or glycine will also produce a general behavioral 

depression and a hypothermia (Sgaragli and Pavan, 1972). 

Statement of the Problem 

There is considerable evidence indicating that taurine has a 

role in the central nervous system. However, neither the physiolog

ical function, nor the mechanism of action, of taurine is known. 

While there is some evidence indicating that taurine has effects on 

general behavior and hypothalamic functions, these effects have not 

been thoroughly studied. In this investigation taurine was injected 

intraperitoneally to minimize the non-specific general behavioral 

effects which occur after cerebroventricular injection. The dose of 
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taurine injected was large (9.0 to 50.4 mmole/kg), because these doses 

were needed to produce an increase in the taurine concentration in the 

brain. 

The effect of taurine on general behavior, temperature, and 

drinking and eating behavior was measured. The effects that occur 

were compared with the plasma and brain area concentrations of taurine 

to determine the possible mechanism of these effects. Furthermore, 

several procedures and neuropharmacological drugs were used to deter

mine if the effects of taurine are mediated by the hypothalamus, and 

if the effects are adrenergic or cholinergic in origin. The effect of 

taurine on temperature was measured at unusual environmental temper

atures, and in mice which had been pretreated with amphetamine or 

6-hydroxydopamine, or adrenalectomized. The concentration and turn

over of norepinephrine and dopamine in the hypothalamus was also 

measured. For cholinergic actions, muscarinic receptor blockers or 

acetylcholinesterase inhibitors were used to determine if taurine acts 

via these mechanisms. The quaternary, and only peripherally acting, 

cholinergic drugs were used, as well as the cholinergic drugs with 

both peripheral and central actions. A non-metabolizable, but trans

portable amino acid, ot-aminoisobutyric acid, was used to determine if 

the effects of taurine are non-specific by acting as an amino acid. 

The specificity of taurine was also determined by the use of struc

turally related compounds. 



CHAPTER 2 

MATERIALS AND METHODS 

Experimental Animals 

All experiments were performed on adult male mice. All mice 

were received at least one week before the start of any experiment, 

and were housed 4 per cage in metal pan cages with wood shavins as 

bedding. However, the mice used in the conditioned drinking and 

eating experiments were housed in metal hanging cages (wire mesh 

bottom and no bedding) to minimize coprophagia and access to urine. 

All mice were maintained in a vivarium with a constant temperature of 

21°C and a 12 hr light cycle (light on from 6 AM to 6 PM). All exper

iments were performed during the 12 hr light cycle. 

Most experiments were performed with HaM/lCR Swiss mice ob

tained from Charles River Breeding Laboratory. Adrenalectomized mice 

were of the same breed and were also purchased from Charles River 

Breeding Laboratory. All HaM/lCR mice weighed between 30 and 40 g at 

the time of any experiment and were also weighed immediately before 

each use to the nearest whole gram. 

The other breed of mice used were obtained from the Jackson 

Laboratory. These were the genetically obese mice (C57BL/6J ob/ob) 

or their normal non-obese litter mates (C57BL/6J ob/+ or +/+, which 

are indistinguishable from each other). In the conditioned eating 

test the non-obese mice weighed 20 - 25 g, and the obese mice weighed 

20 



35 - 40 g. These mice were also weighed to the nearest whole gram on 

each test day. In the chronic weight gain experiment all the mice, 

obese and non-obese, weighed between 20 and 30 g at the start of the 

experiment and were weighed daily to the nearest tenth of a gram. 

All animals were kept on normal food (Wayne Lab-Blox , Allied 

Mills) and tap water, except where otherwise indicated. The adrenal-

ectomized mice, because of a lack of aldosterone, were given access to 

a balanced salt solution to drink (Dialyte , containg in each ml 

5.60 mg anhydrous sodium lactate, 5.16 mg sodium chloride, 0.89 mg 

potassium chloride, 0.28 mg anhydrous calcium chloride, and 0.14 mg 

anhydrous magnesium chloride). 

Plasma Sampling 

Plasma samples were obtained after anesthetizing the mice with 

ether and opening the body cavity. A one ml syringe was filled with 

0.02 ml of a 10,000 unit/ml heparin solution. The syringe was fitted 

with a 23 gauge needle and inserted into the left ventricle of the 

heart. Blood was then slowly withdrawn into the syringe. As great a 

volume as possible was obtained. This varied from 0.4 to 1.0 ml. 

The blood was emptied from the syringe into 2 ml plastic centrifuge 

tubes, capped, and gently mixed. The sample was then centrifuged for 

5 min in a Brinkman^ microfuge and the plasma removed and frozen until 

analyzed. 
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Brain Area Dissection 

The method used to dissect the mouse brain is based on the 

method Glowinski and Iversen (1966) described for the rat brain. The 

mouse was anesthetized with ether, placed on the operating board, and 

the body cavity opened. A small slit was cut into the right ventricle 

of the heart, and the descending aorta was clamped just below the 

level of the heart. The left ventricle of the heart was pierced with 

a 26 gauge needle, and 20 ml of saline (0.9% NaCl) injected into the 

left ventricle. As a result, the brain was flushed clear of blood. 

The mouse was decapitated and the spinal cord trimmed off. The skull 

was removed and the brain teased out with tweeters onto a glass plate. 

The cerebellum was removed with tweezers. A scapel was then used to 

cut the brain stem from the remainder of the brain, and the area re

moved constituted the medulla. The anterior portion of the brain was 

removed by a frontal cut at the level of the optic chiasm. Two para-

sagital cuts were made to isolate the middle third of the remainder of 

the brain. A single horizontal cut then removed the ventral portion, 

which was the hypothalamus. A spatula was used to remove the striatum 

from the frontal and the two lateral pieces which remained. The 

remainders of the frontal portion and the two lateral portions, plus 

the dorsal portion left after the hypothalamus was removed, were 

labeled as the cerebral cortex. This area also contained the thalamus 

and hippocampus. The samples were then frozen until analyses were 

performed. 



Intracerebroventricular Inj ection 

The free-hand introcerebroventricular injection of mice was 

performed according to the method of Haley and McCormick (1957). To 

verify that competence had been established in this method, mice were 

injected with India ink, sacrificed, and their brains removed and 

dissected to observe where the India ink was present. In each exper

iment, the intracerebroventricular injection was checked afterwards 

by sacrificing each mouse and observing the location of the needle 

track through the skull and brain tissue, and also checking for 

unusual hemorrhaging or damage to the brain. The data used were only 

from mice in which the location of the injection was accurate and in 

which there was no hemorrhaging or damage to the brain. 

Taurine Analyses 

The method used for the estimation of the taurine concen

tration in the biological samples was based on the use of a Model 118 

Beckman Automatic Amino Acid Analyzer (Gruener et al., 1975). An 

equal volume of 10% trichloroacetic acid was added to the plasma 

samples. The brain samples were diluted in four times their weight 

of water, and then an equal volume of 10% trichloroacetic acid was 

added. In either case, the samples were homogenized with a hand 

tissue homogenizer and centrifuged in a Brinkman^ microfuge for 5 min. 

The supernatant was removed and then placed directly into a 250 yl 

injection coil. In some instances it was necessary to dilute the 

supernatant with the elution buffer before placing the sample in the 

injection coil. 



Separation of taurine from other compounds was obtained by the 

use of a 60 cm by 0.9 cm column of AA-15 custom spherical research 

resin, cation exchange (Beckman), maintained at 52°C. Taurine was 

eluted with a 0.2 N sodium citrate buffer (Beckman) at a pH of 2.2 and 

a flow rate of 50 ml/hr. The eluate was reacted with a ninhydrin 

solution, flow rate of 25 ml/hr, and measured colorimetrically at 

570 nm. The chart recording was automatically integrated with the 

use of a Beckman Autolab Integrator , and the results were calculated 

directly from these values. 

Biogenic Amine Determination 

Dopamine, norepinephrine, and serotonin (5-hydroxytryptamine) 

concentrations in the hypothalamus were estimated by the method of 

Costa et al. (1968). The mice were decapitated, the hypothalamus 

rapidly removed, and frozen in liquid nitrogen. The samples were 

stored at -60°C until analyzed. Because of the small size of the 

hypothalamus and the limitations of the assay, it was necessary to 

pool the hypothalami from three brains to use as one sample. In this 

analysis, the amines are separated by cation exchange chromatography. 

Further purification is achieved by adsorption of the dopamine or 

norepinephrine fraction on alumina, prepared by the method of Anton 

and Sayre (1962, 1964). Dopamine or norepinephrine is then reacted 

with iodine. Serotonin, after removal from the column, is further 

purified by solvent extraction and reacted with ninhydrin. All the 

amines were then measured on a spectrophotofluorometer. 
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General Behavioral Tests 

Rotarod Performance 

The rotarod test is a measure of the ability of an animal to 

maintain its position on a narrow rotating rod. Animals tested on the 

rotarod will show a poor performance if they have any ataxia, muscle 

flaccidity, lack of balance, or if they are sedated (Maxwell, 1968; 

Ban, 1969). 

The rotarod is a wooden rod, 2.5 cm in diameter and 14 cm 

long, rotating at 8 rpm. The rotarod was suspended 50 cm above a foam 

rubber pad onto which the mice fell when they lost their position on 

the rotarod. Untrained mice were placed on the rotarod for 3 min and 

the number of falls during the session was recorded for each mouse. 

Mice falling during the session were immediately returned to the 

rotarod. 

Motor Activity 

The motor activity test is designed to measure the spontaneous 

or voluntary locomotor activity of an animal. This test is sensitive 

to depressants by recording a decrease in activity, and to stimulants 

by recording an increase in activity (Maxwell, 1968; Ban, 1969; Hill 

and Tedeschi, 1971). 

Spontaneous locomotor activity was measured as described by 

Stollc and Rech (1967). Each chamber was doughnut-shaped and construc

ted of sheet metal with wire top and bottom. The mouse chamber was 

30.5 cm in diameter with a 7.5 cm wide circular runway, and was 10 cm 
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high. The inner circle, 15.5 cm in diameter, was not accessible to 

the mouse. As the mouse traversed the circular runway, 4 equally-

spaced floor panels, positioned at 90° angles, were depressed and ac

tivated microswitches which were connected to counters. Mice were 

placed one per chamber in a large, dark, ventilated, and sound atten

uating chest. Motor activity was monitored at successive 15 min 

intervals for 2 hr by automatic photography of the counters. 

Sidman Avoidance 

The Sidman avoidance test (Sidman, 1953) involves operant 

conditioning and the continuous avoidance of a shock. In order to use 

this test, the animal must be conditioned so that it will learn to 

avoid and escape the shock by operating the manipulandum. The behav

ior of the animal in this test situation must be reproducible before 

a test can be run. With this type of procedure, depressants will 

decrease responses and stimulants will increase responses. Also, 

depressants can be separated from minor tranquilizers because depres

sants will decrease both avoidances and escapes, while tranquilizers 

will only decrease avoidances (Maxwell, 1968; Cook, 1964). 

Mice were trained in a manner similar to that described by 

Sidman (1953). The chamber was a plexiglass box (12.7 cm long, 14 cm 

wide, 14 cm high) with an electrifiable grid floor, and was located in 

a lighted, ventilated, and sound attenuating chest. Response contin

gencies and timing were performed automatically by the use of electro

mechanical programming equipment (BRS/LVE). The response manipulandum 

was a 3.4 cm diameter drum mounted 1.3 cm above the floor in the 



center of one of the walls of the chamber. Responses were registered 

when the drum was moved through a 30° arc. A 5 sec, 1.0 milliampere 

scrambled shock was presented to the grid floor every 10 sec unless 

the mouse responded. Each drum-turning response delayed the shock 

onset for 30 sec and terminated a shock being delivered. Mice were 

trained in daily 1 hr sessions for 2 weeks, at which time there was 

no further change in their daily performance. Each experiment con

sisted of a training day, a non-treated control day, and an experimen

tal day. On the experimental day each mouse received an injection 

30 min prior to the start of the 1 hr session. A cross-over design 

was used so that the behavior of each mouse after the control treat

ment could be compared to its behavior after taurine treatment. 

The variables recorded were total responses, escapes, and 

shocks. An escape was recorded for every response made during the 

shock presentation. From this data three measures of performance 

were calculated. Firstly, total responses (the number of 30° arcs the 

drum was moved through) were recorded. Secondly, the percent escapes 

was calculated as 100 times the number of escapes divided by the num

ber of shocks. Thirdly, the percent avoidances was calculated as 100 

times the quantity, number of possible shocks minus the number of 

shocks, and divided by the number of possible shocks. These three 

measures of performance were calculated for the first 15 or 30 min, or 

for the total 60 min. The performance of the mouse in each of these 

measured parameters on the experimental day is then expressed as a 
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percentage of the performance on the non-treated control day for both 

taurine and the control injections. 

Shuttle-Box Avoidance 

The two-way shuttle-box test does not require movement of a 

manipulandum, and in this sense is not an operant conditioning proce

dure. But, the test does require movement of the entire animal when 

a warning stimulus is given. The response is the simple translocation 

from one compartment of the chamber to the other compartment. The 

crossing is recorded as an avoidance if it occurs during the warning 

stimulus, or as an escape if it occurs during the shock presentation. 

Animals must be conditioned in this test situation until their behav

ior is reproducible. The performance of an animal can be used to 

distinguish several classes of drugs. Stimulants increase the total 

number of crossings. Depressants decrease the total number of cross

ings, and the avoidance and escape behavior together, while minor 

tranquilizers decrease avoidance behavior before affecting escape 

behavior (Maxwell, 1968; Hill and Tedeschi, 1971). 

The two-way shuttle-box was similar in design to that de

scribed by Seiden and Peterson (1968). Two equal plexiglass compart

ments, each 12.3 cm long by 9.3 cm wide by 15.5 cm high, were divided 

by a plexiglass partition reaching to 3 cm above the electrifiable 

grid floor. The entire chamber was located in a lighted, ventilated, 

and sound attenuating chest. Response contingencies and timing were 

performed automatically by the use of electromechanical programming 

equipment (BRS/LVE). Each trial consisted of a 20 sec inter-trial 



interval, followed by a tone. At the onset of the tone, the shock 

delivery system was locked to deliver the shock to the side of the 

chamber the mouse was on at that time. Five sec after the tone onset, 

a 5 sec, 1.0 milliampere, scrambled shock was delivered to the grids 

on the appropriate side of the chamber. An avoidance or escape turned 

off the sound cue. However, the sound cue resumed if a recrossing was 

made during either the tone or shock period. Recrossing before the 

shock period ended (retracing) was always punished since the shock 

remained on for the entire 5 sec shock period. After the shock, the 

20 sec inter-trial timer restarted. Each daily session consisted of 

40 trials. After 4 weeks of training there was no further significant 

fluctuation in the day to day performance of the mice. Each experi

ment consisted of two training days, a non-treated control day, and an 

experimental day. On the experimental day each mouse received either 

a control or taurine injection 30 min prior to the start of the 

session. A cross-over design was used so that the behavior of each 

mouse after a control injection could be compared to its behavior 

after the taurine injection. 

The four measures of performance that were recorded are total 

crossings, inter-trial crossings, avoidances, and escapes. Total 

crossings counted all crossings from one side of the chamber to the 

other, including escapes and avoidances, while inter-trial crossings 

only counted crossings made during the 20 sec inter-trial period. An 

avoidance was recorded when the mouse changed sides of the chamber 

during the presentation of the sound cue, but before the onset of the 



shock. An escape was recorded when the mouse changed sides of the 

chamber during the shock presentation. From this data four measures 

of performance were calculated. Two measures were simply total 

crossings and inter-trial crossings. The other two measures were 

percent escapes, which was equal to 100 times the number of escapes 

divided by the number of shocks, and percent avoidances, which was 

equal to 100 times the number of avoidances divided by the number of 

trials. The performance in each of these parameters on the experi

mental day is then expressed as a percentage of the performance on the 

non-treated control day. 

Salivation Scoring 

Salivation scores on mice were performed and graded according 

to the procedure of Maling, Williams, and ICoppanyi (1972). All mice, 

which were used in a motor activity experiment for 4 hr after the 

injection of d-amphetamine and either taurine or a control solution, 

were given a score immediately after they were removed from the motor 

activity chamber. The amount of salivation was graded visually as 

0, 1, 2, or 3. The grade of 0 was recorded if no salivation was pre

sent. The grade of 1 was recorded for salivation reaching the lower 

lip, 2 for salivation spreading to the jaws, and 3 for salivation 

covering the chest. 

Temperature Measurements 

Rectal temperatures were recorded on a YSI Tele-Thermometer*1 

to the nearest 0.1°C. The temperature probe was lightly lubricated 



with mineral oil and then inserted approximately 2.5 cm into the rec

tum while the mouse was hand-held. Approximately 30 sec were required 

to obtain a stable temperature reading. Between temperature measure

ments the mice were housed in their home cages (with normal bedding) 

with food and water available ad. libitum. Control temperature 

readings were always taken three times before injection, the third 

reading being recorded just before injection. Rectal temperatures 

were then recorded every 20 min, by separate insertion of the probe, 

for either the duration of the effect or for 4 hr. However, when the 

injection was made cerebroventricularly, rectal temperatures were 

recorded every 10 min. The normal room temperature at which experi

ments were performed was 23°C (range of 22 - 24°C). Temperature 

experiments were also performed in a cold room at 5°C (range of 

2 - 8°C) and a hot room at 36°C (range of 35 - 37°C). 

In experiments with cholinergic drugs, the cholinergic drug 

or control solution was injected after the third temperature reading, 

and the taurine or control injection was made 20 min later, immedi

ately after the fourth temperature measurement. 

Conditioned Drinking 
and Eating Procedures 

General Procedure 

Conditioned behavior was trained in either a water or food 

reinforcement mouse chamber (BRS/LVE) measuring 12.7 cm long, 9.5 cm 

wide, and 12.7 cm high. This chamber was located in a lighted, venti

lated, sound attenuating chest. Both the manipulandum (a lever) and 
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the reward cup (water) or pellet chute (food) were located on one wall 

of the chamber. The response and reward contingencies, as well as the 

timing of the sessions, were performed automatically by electromechan

ical programming equipment (BRS/LVE). The training procedure con

sisted of depriving the mice appropriately for 24 hr. They were then 

trained in daily sessions. In the first session the mice were encour

aged to respond by shaping and continuous reinforcement (each lever 

press delivered a reward). After the mice had learned to press the 

lever, the number of lever presses to receive a reward was increased 

to 2, 3, 4, and finally 5. The number of lever presses per reward is 

called the fixed ratio (FR), and is followed by a number denoting that 

ratio. After reaching FR-5, the mice were trained an additional week, 

at which time a stable performance was achieved during the daily 

sessions. 

Each experiment consisted of depriving the mice of either food 

or water for 24 hr. One or two training days were then needed to 

reattain a stable performance. A non-treated control day followed the 

last training day. On experimental days the mice were pretreated with 

either a control solution or a test solution 30 min before the start 

of the session. The control solution was always made isoosmotic with 

the test solution by the addition of NaCl. In the experiments which 

employed cholinergic drugs, the cholinergic drug or control solution 

was injected 40 min before the start of the session, and the taurine 

or control solution was injected 20 min before the start of the 

session. In these experiments both the cholinergic drug solution and 
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its control solution were made hypertonic (0.69 M) by the addition 

of NaCl. 

Two measures of response were used. Firstly, the total number 

of reinforcements (total rewards) received by each mouse was recorded. 

Secondly, the rate of responding during the first 5 min of the session 

was calculated. The initial response rate is calculated as the total 

rewards received in the first 5 min divided by 5 min, thereby giving 

average rewards per minute, and is called the initial rate. Both the 

total number of reinforcements and the initial response rate are cal

culated as a percent of the performance on the non-treated control 

day. In all experiments, except the ones involving cholinergic 

agents, a cross-over design was used so that the performance of each 

mouse after a control solution could be compared with its performance 

after a test solution. 

Drinking Details 

During training and experiments, the mice were deprived of 

water 24 hr before the procedure was started. The mice were allowed 

ad libitum access to food only in their home cages and water was 

available only in the experimental chamber during the duration of the 

experimental design. All drinking sessions were of 20 min duration. 

During each session the mouse received 10 yl of tap water as rewards 

on FR-5 from a liquid dipper of a water reinforcement mouse chamber. 
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Eating Details 

During training and experiments, the mice were deprived of 

food 24 hr before the procedure was started. The mice were allowed 

free access to water only in their home cages and food was available 

only in the experimental chamber. All eating sessions were of 25 min 

duration. During each session the mouse received 20 mg food pellets 

(Noyes, formula A) as rewards on FR-5 from a pellet dispenser of a 

food reinforcement mouse chamber. In order to maintain the mice at a 

constant body weight, it was necessary to give each mouse approxi

mately 1.5 g of free food in their home cages at the end of each day 

(approximately 18 hr before the next session). 

Chronic Eating Experiment 

In this experiment C57BL/6J ob/ob, obese mice, or C57BL/6J 

ob/+ or +/+ (indistinguishable), non-obese mice were used. These mice 

were weighed to the nearest 0.1 g daily between 12 noon and 1 PM. At 

the same time the food in the food hopper of each cage was weighed and 

the amount of food eaten by the mice in that cage was calculated. 

Also, the volume of their drinking solution was measured and the 

amount of water consumed by the mice in that cage was calculated. 

Each group of mice had ad^ libitum access to food and water at all 

times. However, the taurine treated mice had 100 mM taurine in their 

drinking water. Every mouse was injected daily with either a taurine 

solution or a control solution which was isoosmotic with the taurine 

solution. This procedure was maintained for 28 days. After this time 

no further injections were made and taurine was removed from the 
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drinking water. The mice were still weighed, and the amount of food 

eaten and water consumed calculated, for 27 additional days. 

Test Compounds 

General 

All solutions for injection were prepared fresh each day and 

were used within 1 hr of preparation. All solutions were at room 

temperature when they were injected. If a hot or cold room was used, 

the solution was at the temperature of that room when it was injected. 

Taurine and related compounds were dissolved or suspended in 

0.5% carboxymethyl cellulose, which was prepared in distilled water 

and stored at 5°C until needed. The 0.5% carboxymethyl cellulose 

solution then served as the control solution and was adjusted to the 

same osmotic strength as the experimental solution by the addition of 

NaCl. Taurine and related compounds were injected intraperitoneally 

in a volume of 20 ml/kg. The doses used were 2.2, 9.0, 13.8, 21.3, 

and 50.4 mmole/kg. In the conditioned drinking and eating experi

ments, it was necessary that all solutions were hypertonic. The 9.0 

mmole/kg dose is 0.45 M, the 13.8 mmole/kg dose is 0.69 M, and the 

21.3 mmole/kg dose is 1.07 M. The control solution was made iso

osmotic with the respective taurine solution by the addition of NaCl. 

Since NaCl dissociates into 2 ions per molecule, the isoosmotic solu

tions are actually at one-half the molarity of the taurine solutions. 



Drugs 

Taurine was purchased from the Sigma Chemical Company and was 

recrystallized from water until chromatographically pure (as deter

mined by paper or thin-layer chromatography). The high doses used 

exceeded the aqueous solubility of taurine, so it was ground to a fine 

powder using a mortar and pestle and suspended in 0.5% carboxymethyl 

cellulose. When taurine was injected intracerebroventricularly, it 

was dissolved in saline and 10 yl injected. Saline then served as the 

control solution. 

Taurine Analogues and Related Compounds 

The compounds used were 3-alanine, aminomethane sulfonic acid, 

and 3-aminopropane sulfonic acid, which were purchased from Aldrich 

Chemical Company, and y-aminobutyric acid, glycine, cysteamine, and 

a-aminoisobutyric acid, which were purchased from Sigma Chemical 

Company. These compounds were dissolved, and when necessry sus

pended, in 0.5% carboxymethyl cellulose. 

Cholinergic Drugs 

Eserine, neostigmine bromide, atropine sulfate, and atropine 

methyl nitrate were purchased from Sigma Chemical Company. They were 

prepared in distilled water and injected in a volume of 10 ml/kg, 

intraperitoneally. Distilled water served as the control solution. 

In the conditioned drinking and eating experiments, these solutions 

were made hypertonic (0.69 osmolar) by the addition of NaCl. The 

doses used were 0.05 and 0.10 mg/kg for eserine and 0.055 and 0.110 



37 

mg/kg for neostigmine bromide. These doses were, respectively, equiv

alent molar doses. The dose for atropine sulfate (5 mg/kg) and atro

pine methyl nitrate (5.55 mg/kg) were also equivalent molar doses. 

Other Drugs 

The other drugs used were d-amphetamine hydrochloride 

(30 mg/kg), which was obtained from Smith, Kline, and French, prepared 

in distilled water, and injected intraperitoneally in a volume of 

10 ml/kg; and 6-hydroxydopamine hydrobromide (20 mg/kg), which was 

purchased from Sigma Chemical Company, prepared in 0.1% ascorbic acid, 

and injected intraperitoneally in a volume of 10 ml/kg. The 

6-hydroxydopamine solution was used immediately after preparation. 

Also used was a-methyl-p-tyrosine (100 mg/kg), which was obtained from 

Regis Chemical Company, prepared in distilled water plus one drop of 

Tween 80 per 10 ml, and injected intraperitoneally in a volume of 

10 ml/kg. 

Statistics 

The calculation of a dose needed to produce a 50% response was 

performed according to the procedure of Litchfield and Wilcoxon 

(1949). All other statistics were performed by the methods described 

in Steel and Torrie (1960). Both Student's t_ test and the paired t_ 

modification of it were used, as well as the linear regression 

analyses. 

All data analyses were performed on a Wang Programmable 

Calculator (Model 720C) with a peripheral input device of a Paper Tape 



Reader (Model 733) and peripheral output devices of a Typewriter 

(Model 701) and Flatbed Plotter (Model 712). In many instances when 

data was used several times, it was found to be more convenient to 

type the data on paper tape with a Teletype and then use the Paper 

Tape Reader. 

A detailed description of the procedures and programs used 

for statistical analyses is contained in Appendix A. 



CHAPTER 3 

RESULTS 

Taurine Changes in the Plasma 

The intraperitoneal injection of taurine, at doses of 9.0 or 

21.3 mmole/lcg, produced large changes in the plasma concentration of 

taurine (Figure 2). The normal concentration of taurine in the plasma 

was 0.59 ± 0.08 ymole/ml. Within h hr after injection the plasma con

centration of taurine reached a peak level and declined thereafter. 

The 9.0 and 21.3 mmole/lcg doses of taurine increased the concentration 

of taurine in the plasma to 12.27 and 28.05 ymole/ml, respectively, 

h hr after injection. This was a 21- and 47-fold increase, respec

tively, over the control level. The initial plasma concentration of 

taurine (at h. hr after injection) is larger than the injected dose 

because taurine is rapidly absorbed into the plasma and then slowly 

distributed and excreted. Therefore, the plasma initially has a large 

and disproportionate percentage of the injected dose. The rate of 

disappearance of taurine from the plasma between h and 2 hr followed 

first order kinetics with a half-life of 35.4 or 38.4 min. Between 

2 and 4 hr after injection the rate of disappearance of taurine from 

the plasma also followed first order kinetics with a second half-life 

of 82.1 min (Figure 2). 
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Figure 2. The Effect of an Intraperitoneal Injection of Taurine on 
the Concentration of Taurine in the Plasma 

Taurine (9.0 or 21.3 tnmole/kg) was injected at the indicated times 
before sacrifice. Each point is the mean of 5 mice, and the vertical 
bars represent one S.Ei The half-lifes were calculated by linear 
regression analyses. The absolute value of the correlation 
coefficients of each of the 3 lines was greater than 0.95. 



Taurine Changes in 
Various Brain Areas 

The concentration of taurine was measured in five areas of the 

saline-perfused mouse brain after either the 9.0 or 21.3 mmole/kg dose 

of taurine was injected intraperitoneally. Table 1 illustrates the 

taurine concentrations measured in the various brain areas, and the 

changes that followed the 21.3 mmole/kg dose of taurine. Figure 3 

illustrates the measured changes in the various brain areas as a per

cent of the respective control concentrations for both the 9.0 and 

21.3 mmole/lcg doses of taurine. 

There is a large difference in the taurine concentration 

between regions of the mouse brain, the striatum having the highest 

concentration and the medulla the lowest concentration of taurine 

(Table 1). The injection of the 21.3 mmole/kg dose of taurine in

creased the taurine concentration in several brain areas (Table 1 and 

Figure 3). However, the only brain area after this dose to show a 

significant increase at all time points examined was the hypothalamus 

(Figure 3). The increase in the hypothalamus was also the largest 

percentage change, being approximately 30% at 3 or 4 hr after injec

tion (Figure 3). 

After the 9.0 mmole/kg dose of taurine the only significant 

increases in taurine concentration occurred in the hypothalamus and 

cerebellum at 30 min after injection (Figure 3). However, these 

changes were transient and disappeared at 1 hr after injection 

(Figure 3). 



Table 1. The Distribution of Taurine in the Mouse Brain and the Effect of an Intraperitoneal 
Injection of Taurine on the Concentration of Taurine in Various Areas of the Mouse Brain 

Taurine (ymole/g wet wt) in Various Brain Areaŝ  

Time 
(nr) Cerebellum Medulla Hypothalamus Striatum Cerebral Cortex Whole Brain 

0 8.07 + 0.45 4.27 + 0.14 5.10 ± 0.18 9.71 + 0.20 8.93 ± 0.22 7.73 + 0.16 

H 8.71 + 0.28 4.76 + o.nd 5.89 ± 0.17d 10.62 + 0.31° 9.42 + 0.29 8.51 + 0.24 

1 8.81 + 0.31 4.01 in 0.24 6.02 ± 0.17C 10.81 + 0.65 9.51 ± 0.18 8.38 + 0.27 

2 8.33 + 0.34 4.12 ± 0.20 6.24 ± 0.21C 10.48 + 0.44 10.23 ± 0.22C 8.50 + o.iic 

3 9.29 4* 0.62 4.29 ± 0.14 6.73 ± 0.14d 11.58 + 0.64° 10.51 ± 0.73 8.76 + 0.43 

4 9.39 ± 0.26C 4.64 ± 0.16 6.72 + 0.17d 11.13 + 0.24d 10.03 ± 0.23° 8.88 + o.iod 

a. Taurine (21.3 mmole/kg, i.p.) was injected at the indicated times before sacrifice. The group 
at 0 hr is the control group. 

b. Each value is the mean ± S.E. of 4 mice. 

c. Significantly larger than control (P < 0.05). 

d. Significantly larger than control (P < 0.005). 
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Figure 3. The Percent Change in Taurine Concentration in Various 
Brain Areas after the Intraperitoneal Injection of Taurine 

Taurine (9.0 or 21.3 itimole/lcg) was injected at the indicated times 
before sacrifice. The group at 0 hr is the control group. Each 
point represents the mean of 4 samples, and the vertical bars repre
sent one S.E. Significance from control indicated by a: P < 0.05 
and b: P < 0.005. 
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Biogenic Amines in the Hypothalamus 

The large changes in the taurine concentration in the hypo

thalamus after the 21.3 mmole/kg dose of taurine did not affect the 

concentration of norepinephrine, dopamine, or serotonin in the hypo

thalamus at 30 min after injection (Table 2). After the mice had 

been pretreated with a-methyl-p-tyrosine (100 mg/ltg, 3 hr prior to 

sacrifice), the injection of 21.3 mmole/kg of taurine, 2 hr prior to 

sacrifice, also had no effect on the rate of depletion of norepi

nephrine or dopamine (Table 2). 

The Effect of Taurine 
on Rectal Temperature 

Intracerebroventricular Inj ection 

The cerebroventricular injection of 1 ymole of taurine, in 

10 yl saline, produced a hypothermia at a normal room temperature of 

23°C (Figure 4). This hypothermia had a rapid onset of 10 min and a 

duration of 60 min. A greater effect could not be obtained, however, 

because a cerebroventricular injection of 2 ymole of taurine, in 10 yl 

saline, was lethal to 4 of 6 mice, and an injection of 4 ymole of 

taurine was lethal to 6 of 6 mice within a few minutes after injec

tion. In these mice seizures occurred just prior to death. 

After the injection of 1 ymole of taurine, cerebroventricular-

ly, not only did the mice become hypothermic, but they also showed an 

observable decrease in exploratory behavior. 



45 

Table 2. The Effect of Taurine on the Level and the Depletion of 
Biogenic Amines in the Hypothalamus before and after 
a-Methyl-p-tyrosine 

Normal Amine Concentration (pg/g) 

b c 
Amine Control Taurine 

Dopamine 0.86 ± 0.12 1.10 ± 0.18 

Norepinephrine 0.82 ± 0.09 0.89 ± 0.07 

Serotonin 1.14 ± 0.08 1.15 ± 0.05 

Amine Concentration after Depletion by 

a-Methyl-p-tyrosine 

d 6 
Control Taurine 

Dopamine 0.04 ± 0.03 0.06 ± 0.05 

Norepinephrine 0.37 ± 0.02 0.41 ± 0.03 

a. Each sample contained 3 hypothalami. Each value is the 
mean ± one S.E. of 10 pooled samples. 

b. Control is 0.5% carboxymethyl cellulose injected ^ hr before 
sacrifice. 

c. Taurine (21.3 mmole/kg, i.p.) was injected h hr before 
sacrifice. 

d. a-Methyl-p-tyrosine (100 mg/kg, i.p.) was injected 3 hr 
before sacrifice and 0.5% carboxymethyl cellulose was 
injected 2 hr before sacrifice. 

e. a-Methyl-p-tyrosine (100 mg/kg, i.p.) was injected 3 hr 
before sacrifice and taurine (21.3 mmole/kg, i.p.) was 
injected 2 hr before sacrifice. 
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Figure 4. The Effect of Taurine on Rectal Temperature after 
Intracerebroventricular Inj ection 

Saline (SAL) or 1 ymole of taurine (TAU) was injected intracere-
broventricularly (icy.) immediately after the 0 min temperature 
reading. Each point is the mean of 4 mice, and the vertical bars 
represent one S.E. Significance indicated by a: P < 0.05. 
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Intraperitoneal Injection 

At a normal room temperature of 23°C, the intraperitoneal 

injection of taurine also produced a hypothermia which was dose-

related (Figure 5). The onset of hypothermia was rapid, reaching 

statistical significance at 20 min after injection, and persisted for 

a duration which was related to the lowest temperature attained 

(Figure 5). The 9.0 mmole/kg dose produced a lowest temperature of 

36.2°C at 40 min after injection, and the temperature had returned to 

a control level by 80 min. The 21.3 mmole/kg dose of taurine produced 

a lowest temperature of 35.2°C at 40 min, and had a duration of 200 

min. The 50.4 mmole/kg dose produced a lowest temperature of 33.3°C 

at 120 min, and did not return to a control level at 4 hr. However, 

at 24 hr after injection, a control level had been reattained. A 

non-significant decrease of 0.57°C occurred in the control treated 

mice over the 4 hr period. 

The 9.0 or 21.3 mmole/kg doses caused no general observable 

behavioral depression, but the 50.4 mmole/kg dose produced an 

observable decrease in exploratory behavior. 

When the mice were placed in a cold room at 5°C just before 

the first rectal temperature measurement, the 21.3 mmole/kg dose of 

taurine produced a hypothermia (Figure 6). The lowest temperature 

produced was 35.2°C at 40 min after injection. This lowest temper

ature was the same as that produced at a room temperature of 23°C. 

However, at this cold room temperature the control mice slowly became 

hypothermic. They lost 1.35°C over the 4 hr period after injection 
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Figure 5. The Effect of an Intraperitoneal Injection of Taurine 
on Rectal Temperature at a Room Temperature of 23°C 

The control injection (0.5% carboxymethyl cellulose) or the taurine 
(TAU) injection of 9.0, 21.3, or 50.4 mmole/kg was made immediately 
after the 0 min temperature reading (at arrow). Each point is the 
mean of 8 mice, and the vertical bars represent one S.E. Significance 
from control indicated by a: P < 0.05, b: P < 0.01, and c: P < 0.001. 
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Figure 6. The Effect of an Intraperitoneal Injection of Taurine 
on Rectal Temperature at a Room Temperature of 5°C 

The control (0.5% carboxymethyl cellulose) or taurine (21.3 mmole/kg, 
i.p.) injection was made immediately after the 0 min temperature 
reading. Each point is the mean of 7 mice, and the vertical bars 
represent one S.E. Significance from the control group is indicated 
by a: P < 0.05 and b: P < 0.005. 



(Figure 6). The mice treated with taurine returned to the temperature 

of this control group at 120 min after injection. No shivering was 

evident in any of the mice throughout this experiment. 

When the mice were placed in a hot room at 36°C just before 

the first rectal temperature measurement, the rectal temperatures of 

the mice increased 0.8 - 0.9°C before the injection (Figure 7). 

However, the mice injected with 21.3 mmole/lcg of taurine lost 0.65°C 

in 40 min, while the control group only lost 0.38°C (Figure 7). The 

small decrease in temperature was significant at 20 and 40 min after 

injection. At 60 min the control mice had also returned to a normal 

temperature. The control mice did not sweat at any time during the 

experiment, but 4 of 8 mice treated with taurine did show slight 

sweating at 20 min after injection. 

The effect of 6-hydroxydopamine pretreatment on the temper

ature of mice at a normal room temperature of 23°C is shown in 

Figure 8. In this experiment all the mice were injected with 

6-hydroxydopamine (20 mg/kg, intraperitoneally) 24 hr before the start 

of the temperature experiment. The mice behaved normally at the time 

of the temperature experiment, and after the control injection the 

6-hydroxydopamine pretreated mice were able to regulate their temper

ature normally (Figure 8). After the injection of 21.3 mmole/lcg of 

taurine, the 6-hydroxydopamine pretreated mice still became hypo

thermic. The lowest temperature reached was 36.1°C at 40 min after 

injection, and a temperature not significantly different from the 

control group was reattained at 120 min. The lowest temperature 
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Figure 7. The Effect of an Intraperitoneal Injection of Taurine 
on Rectal Temperature at a Room Temperature of 36°C 

The control (0.5% carboxymethyl cellulose) or taurine (21.3 mmole/kg, 
i.p.) injection was made immediately after the 0 min temperature 
reading. Each point is the mean of 8 mice, and the vertical bars 
represent one S.E. Significance from the control group is indicated 
by a: P < 0.05. 
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Figure 8. The Effect of an Intraperitoneal Injection of Taurine 
on the Rectal Temperature of 6-Hydroxydopamine 
Pretreated Mice 

The room temperature was 23°C. Both groups received 6-hydroxydopamine 
(20 mg/kg, i.pO 24 hr before the temperature experiment. The control 
(0.5% carboxymethyl cellulose) or taurine (21.3 mmole/kg, i.p.) 
injection was made immediately after the 0 min temperature reading. 
Each point is the mean of 7 mice, and the vertical bars represent 
one S.E. Significance from the control group is indicated by 
a: P < 0.05 and b: P < 0.005. 
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attained by the 6-hydroxydopamine pretreated mice after taurine was 

not different than that achieved by normal mice treated with taurine 

(compare Figures 5 and 8). However, the 6-hydroxydopamine pretreated 

mice, treated with taurine, returned to a control temperature level 

more quickly than the normal mice treated with taurine. This was 

significant at 60, 80, and 100 min after injection. 

The effect of taurine on adrenalectomized mice at a room tem

perature of 23°C is shown in Figure 9. All mice used in this exper

iment were adrenalectomized 7 days before the experiment. After a 

control injection, the adrenalectomized mice were able to regulate 

their temperature normally (Figure 9). After the 21.3 mmole/kg dose 

of taurine, the adrenalectomized mice became hypothermic. The lowest 

temperature of 36.3°C was reached 60 min after injection. This lowest 

temperature was not different from that attained in normal mice 

treated with taurine (compare Figures 5 and 9). However, the rate of 

onset of the hypothermia in adrenalectomized mice treated with taurine 

was slower than that in normal mice treated with taurine and was sig

nificant at 20 and 40 min after injection. The adrenalectomized mice 

treated with taurine returned to a control temperature level at 140 

min, and this was not different than the return to a control level in 

normal mice treated with taurine. 

The effect of amphetamine on the rectal temperature of mice 

at a room temperature of 23°C is shown in Figure 10. The injection 

of amphetamine (30 mg/kg, intraperitoneally), separately but simul

taneously with the control injection, produced the expected 
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Figure 9 . The Effect of an Intraperitoneal Injection of Taurine 
on the Rectal Temperature of Adrena lectomized Mice 
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The room t emperature was 23°C . All mice were adrenalectomized 7 days 
b efore the experiment . The control (0. 5% carboxymethyl cellulose) or 
taurine (21. 3 mmole/~g, i.p.) injection was made immediately after 
the 0 min temperature reading. Each point is the mea n of 8 mice, and 
the vertical bars represent one S . E . Significance from the control 
group is indicated by a: P < 0.05 and b : P < 0 . 005 . 
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Figure 10 . Th e Effec t of a n Intraperitoneal Injection of Taurin e 
on the Rec t a l Temperature of Amphetamine Treated Mice 

Th e room tempe rature was 23°C . Both groups received amphetamin e 
(30 mg/ kg, i. p.) immediately after the 0 min temperature reading. 
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At t he same time the-mice also r eceived either a control injection 
(0. 5% carboxymethyl cellulose ) or a taurine inj ection (21.3 mmole/kg , 
i. p .). Each point is t h e mean of 8 mice, and the vertical bars 
r epresent one S . E . Significance f r om the control group is indicated 
by a : P < 0. 05 . 
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hyperthermia (Figure 10). The injection of the 21.3 mmole/kg dose of 

taurine at the same time as amphetamine did not produce a decrease in 

temperature. Actually, the group treated with taurine and amphetamine 

followed the same temperature curve as the amphetamine group 

(Figure 10). The only difference occurred at 20 min after injection. 

Effect of Taurine on 
Conditioned Drinking 

The cumulative records of a typical response pattern and the 

experimental design are shown in Figure 11. As illustrated, the mice 

responded briskly on FR-5, and the expected post-reinforcement pauses, 

during which time the reward was consumed, also occurred. In the 

trained mice, visual observation of the mice and analysis of the cumu

lative records assured that every reward was consumed. The response 

rate for the first 5 min was linear and varied little from day to day 

(Figure 11). During the 20 min sessions, the mice appeared to sati

ate. The performance of the mice on the day after the experiment did 

not differ from their performance on the day before the experiment. 

Figure 11 shows the effect of a taurine solution (21.3 mmole/kg, 

intraperitoneally) and an isoosmotic control solution (the same 

osmolarity as the taurine solution) on the performance of one mouse 

over 2 weeks. The training days at the beginning of each week are not 

shown. The isoosmotic control solution did not affect either the 

initial rate or the total number of rewards. However, the taurine 

solution decreased the initial rate and the total number of rewards 

when injected 30 min before the start of the experiment (Figure 11). 
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Figure 11. The Cumulative Records of the Effect of Taurine on 
Conditioned Drinking 

No injections were made on the control days. On experimental days, 
either taurine (21.3 mmole/kg, i.p.) or the isoosmotic control 
solution was injected 30 min prior to the start of the experiment. 
Cumulative record indicates the total lever presses on FR-5. The 
event marker records the rewards. Panels A and B are from separate 
weeks, but for the same mouse. 
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The dose-response of drinking behavior to the taurine or con

trol injection is shown in Figure 12. The hypertonic control solu

tions did not affect the initial drinking rate, but the high osmolar 

solutions tended to increase the total number of rewards. The hyper

tonic taurine solution (same osmolarity as the control solution) 

produced a dose-related decrease in both the initial rate and the 

total number of rewards, when injected intraperitoneally 30 min prior 

to the start of the 20 min sessions (Figure 12). The 9.0 mmole/kg 

dose decreased the initial response rate, but not the total number of 

rewards, while the 13.8 mmole/kg dose decreased both the initial rate 

and the total number of rewards. The 21.3 mmole/kg dose decreased 

both parameters to less than 50% of the control response (Figure 12). 

The linear regression analysis of the data estimated that the dose of 

taurine required to produce a 50% decrease in the initial response 

rate was 17.0 mmole/kg with 95% confidence limits of 12.6 - 23.0 

mmole/kg. 

The depression of conditioned drinking behavior was time 

related (Figure 13). After the 21.3 mmole/kg dose of taurine, the 

initial response rate and the total number of rewards were decreased 

at h, 1, 2, or 3 hr pretreatment times. However, at 4 hr after 

injection, there was no depression of the initial rate and there was 

an increase in the total number of rewards (Figure 13). 
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b 

24 

Either taurine or the isoosmotic control solution was injected i. p . 
30 min prior to the start o f the 20 min sessions . The number of mice 
per group is 33 for the 9.0 mmole/kg dose, 16 for the 13 . 8 mmole/kg 
dose, and 13 for the 21 . 3 mmole /kg dose. Each point is the mean and 
is calculated as the percent of the performance on the experimental 
day as compa red to t h e performance on the non-treated control day . 
The vertical bars r epresent one S.E . Statistics were performed on 
the percentages, comparing the performa nce o f each mouse after t a urine 
to its performance af ter the control solution by the paired ~ test. 
Significance f rom the control injection is indicated by a : P < 0.05 
and b: P < 0.005. 
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Figure 13. The Time Course of · the Depression of Conditioned Drinking 
by Taurine 

Open symbols are for.the isoosmotic control injection and closed 
symbols a r e for the t aurine injection (21. 3 mmole/kg, i . p . ) at the 
indicated pretreatment t imes befo re the start of the 20 min sessions . 
Both the initial .rate and the total number of rewards are presented 
as a percent of the performance on the experimental day as compared 
to the performance on the non-treated control day. Each point is the 
mea n and the vertical bars represent one S.E. The number of mice per 
group is 13 for ~ hr, 10 for 1 hr , and 12 for 2, 3, a nd 4 hr pre
treatment times . Statistics were performed on the per centages , com
paring the performance after the taurine solution to the performance 
after the control solution by the paired t test . Significance from 
the control injection is indicated by a : P < 0 . 05, b: P < 0.005, and 
c : p < 0. 001. 



Effect of Taurine on 
Conditioned Eating 

The cumulative records of a typical response pattern and 

experimental design are shown in Figure 14. As illustrated, the mice 

showed a brisk response on FR-5. Also, the expected pauses occurred 

after the reinforcements, during which time the reward was consumed. 

Visual observation of the mice, analysis of the cumulative records, 

and absence of left-over pellets at the end of the session confirmed 

that trained mice consumed every reward. The initial rate varied 

little from day to day and also was linear (Figure 14). During the 

25 min sessions, the mice did not satiate but did decrease their rate 

of responding toward the end of the session. The performance of the 

mice on the day before the experiment did not differ from their per

formance on the day after the experiment. Figure 14 shows the effect 

of a taurine solution (21.3 mmole/kg, intraperitoneally) and an iso-

osmotic control solution (the same osmolarity as the taurine solution) 

on the performance of one mouse over 2 weeks. The training days at 

the beginning of each week are not shown. The isoosmotic control 

solution did not affect either the initial rate or the total number 

of rewards. However, taurine decreased the initial rate and the total 

number of rewards when injected 30 min before the start of the 

experiment (Figure 14). 

The dose-response of eating behavior to the taurine or iso

osmotic control injection is shown in Figure 15. The hypertonic 

control solution did not affect either the initial rate or the total 

number of rewards. The intraperitoneal injection of taurine 30 min 
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Figure 14. The Cumulative Records of the Effect of Taurine on 
Conditioned Eating 

No injections were made on the control days. On the experimental 
days, either taurine (21.3 mmole/kg, i.p.) or the isoosmotic control 
solution was injected 30 min prior to the start of the experiment. 
Cumulative record indicates the total lever presses on FR-5. The 
event marker records the rewards. Panels A and B are from separate 
weeks, but for the same mouse. 
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18 24 

Either t aurine or the isoosmotic control solution was injected i.p. 
30 min prior to the start of the 25 min sessions . The number of mice 
per group is 12 for the 9.0 mmole /kg dose, 8 for the 13.8 mmole/kg 
dose, and 8 for the 21 . 3 mmole/kg dose . Each point is the mean and 
is calculated as the percent of the performance on the experimental 
day as compared to the performance on the non-treated control day . 
The vertical ba rs represent one S. E. Statistics were performed on 
the percentages , comparing the performance of each mouse after t aurine 
to its performance after the control solution by the paired~ t est . 
Significance from the control i nj ection is indicated by a : P < 0.05 
and b : P < 0.005. 
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prior to the start of the 25 min sessions did produce a dose-related 

decrease in both the initial rate and total number of rewards 

(Figure 15). The 9.0 mmole/kg dose did not affect the initial rate, 

but did decrease the total number of rewards. The 13.8 and 21.3 

mmole/kg doses of taurine did decrease the initial rate to 75.5% and 

50.4% of the non-treated control day, respectively. The total number 

of rewards was also decreased with the 13.8 and 21.3 mmole/kg doses 

of taurine. 

Taurine was also tested on a strain of genetically obese mice 

and their non-obese litter mates. The non-obese mice decreased their 

initial rate and total number of rewards after the intraperitoneal 

injection of 13.8 mmole/kg of taurine 30 min prior to the start of 

the 25 min sessions (Table 3). This percentage change is approxi

mately the same as that which occurred in the HaM/lCR normal mice. 

Likewise, the obese mice also decreased their initial rate and total 

number of rewards after the 13.8 mmole/kg dose of taurine. However, 

the effect of taurine was much greater on both the initial rate and 

the total number of rewards in the obese mice than in the non-obese 

mice (Table 3). 

Effect of Taurine 
on Free Eating 

In this experiment four groups of mice were used. One obese 

group received taurine and the other obese group received the control 

solution, and one non-obese group received taurine and the other non-

obese group received the control solution. Taurine at a dose of 



Table 3. The Effect of Taurine on the Conditioned Eating of 
C57BL/6J Mice 

Normal (ob/+, +/+) 

Control 

Taurine 

Percentage of the Performance 
on the Non-treated Control Day 

% Initial Rate % Total Rewards 

102.0 ± 7.1 

74.4 ± 5.4 

107.4 ± 3.4 

75.3 ± 5.6 

Obese (ob/ob) 

Control 

Taurine 

93.2 ± 6.5 

52.8 ± 18.0 

100.0 ± 4.6 

21.6 ± 3.6 

a. Each value is the mean ± one S.E. of 10 mice. Either the 
isoosmotic control solution (0.5% carboxymethyl cellulose) 
or the taurine solution (13.8 mmole/lcg, i.p.) was injected 
30 min prior to the start of the 25 min sessions. 

b. Statistically less than the normal control group by the 
paired test (P < 0.005). 

c. Statistically less than the normal control group by the 
paired _t test (P < 0.001). 

d. Statistically less than the obese control group by the 
paired _t test (P < 0.025). 

e. Statistically less than the obese control group by the 
paired _t test (P < 0.001), and statistically less than the 
normal mice (ob/+, +/+) injected with taurine by Student's 
test (P < 0.001). 



13.8 mmole/lcg was injected daily between 12 noon and 1 PM for the 

initial 28 days. A control solution of NaCl of the same osmolarity 

was injected at the same time of the day to the control groups. The 

groups that were injected with taurine also had a 100 mM taurine 

solution for their drinking water. The food and water consumption, 

and the weight gain of these 4 groups of mice were then measured 

daily. After 28 days, the injections were discontinued and the 

taurine was removed from the drinking water. 

No toxicity or abnormal behavior was observed in any group of 

mice during the course of the treatments or after the discontinuation 

of the treatments. The taurine treatment decreased the weight gain of 

both the obese and non-obese mice (Figure 16). The decrease in food 

consumption paralleled the decrease in weight gain. After the 28 days 

of taurine treatment, the non-obese mice had consumed an average of 

9.2 g less food than the corresponding NaCl treated control group. 

Likewise, after the 28 days of taurine treatment, the obese mice had 

consumed an average of 11.6 g less food than the NaCl treated obese 

control group. 

There was only a small difference in the amount of water 

consumed between the control and taurine groups of the obese and non-

obese mice during the entire experiment. However, it was observed 

that after the daily injection, when the mice were returned to their 

home cages, the control injected mice immediately started drinking 

water, whereas the taurine injected mice did not immediately consume 

any water. While taurine initially depressed the free drinking of 
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The mice were treated for the initial 28 days (up to the arrow) with 
either t aurine (13 . 8 mmol e / kg, i . p .) or the isoosmotic control solu
tion. Each point is_ the mean, and each group contained 5 mice. The 
signif i cance of the taur ine non-obese group from the control non
obese group, or the taurine obese group from the control obese group, 
is indicated by a : P < 0.05. 



the mice, there was no difference in the water consumption of the 

control and taurine injected groups over a 24 hr period. 

After the treatments were stopped, both the obese and non-

obese groups which had been treated with taurine increased the rate 

of their weight gain so that their cumulative weight gain returned to 

that of their respective control groups (Figure 16). 

Effect of Taurine 
on General Behavior 

Rotarod 

The 21.3 mmole/kg dose of taurine did not affect the ability 

of untrained mice to maintain their position on the rotarod (Table 4). 

There was no effect of taurine on the performance of the mice at 20 

min after injection, or when the mice were retested at 40 min after 

injection. 

Motor Activity 

The effect of taurine on spontaneous locomotor activity is 

shown in Figure 17. The 21.3 mmole/kg dose of taurine, injected 

intraperitoneally 30 min before the start of the 2 hr session, de

pressed motor activity in the period between 15 and 60 min when 

compared to the motor activity of the isoosmotic control group. 

There was no significant depression of motor activity during the first 

15 min, or after 60 min. The 13.8 mmole/kg dose did not affect motor 

activity over the 2 hr period (Figure 17). The 9.0 mmole/kg dose of 

taurine was also without effect on motor activity. 



Table 4. The Effect of Taurine on the Rotarod Performance of Mice 

Number of Falls in 3 Mina 

Control Taurine 
Time (min) (0.5% carboxymethyl cellulose) (21.3 mmole/kg, i.p.) 

20 0.6 ± 0.2 0.2 ± 0.1 

40b 0.1 ± 0.1 0.1 ± 0.1 

a. Each value is the mean ± one S.E. of 16 mice. 

b. The mice tested at 20 min were retested at 40 min. 

Table 5. The Effect of Taurine on Salivation of Mice 

9. 
Salivation Score 

k Control Taurine 
Treatment (0.5% carboxymethyl cellulose) (21.3 mmole/kg, i.p.) 

Control 0.0 ± 0.0 0.0±0.0 

Amphetamine 1.5 ± 0.2 1.8 ± 0.3 

a. Each value is the mean ± one S.E. of 12 mice. The mice were 
graded after performing a motor activity experiment for 4 hr. 

b. Either the control solution (distilled water) or the 
amphetamine solution (30 mg/kg, i.p.) was injected 4 hr 
before the mice were graded. 
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Figur e 1 7. The Effec t of Taurine on Motor Activi t y 

The mice were injected 30 min before the start of the experiment with 
either Taurine (in Panel A, 21 . 3 rnmole/kg , i.p . , and in Panel B, 
13. 8 mmole / kg , i. p . ) or t he respectiv e isoosmotic control s olution . 
Ea ch point is t he mean of 1 2 mice, and t he v ertical bars represent 
one S . E. Significance fr om the respective control groups is indicated 
by a : P < 0 .05 and b : P < 0.01. 
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Taurine did not influence the stimulated motor activity pro

duced by amphetamine (Figure 18). The mice were accommodated for 1 hr 

in the motor activity cages. All mice were then removed, injected, 

and immediately returned to the motor activity cages for 4 hr. Two 

separate, but simultaneous, injections were made. Mice were treated 

with either amphetamine (30 mg/kg, intraperitoneally) or the distilled 

water control, and also with either taurine (21.3 mmole/kg, intra

peritoneally) or the 0.5% carboxymethyl cellulose control. Taurine 

only affected the accommodated motor activity between 45 and 60 min 

after injection (Figure 18), Amphetamine produced the expected motor 

activity stimulation from 1 hr to 4 hr after injection. The taurine 

treatment produced an initial increase in the stimulated motor activ

ity of amphetamine for 30 min (Figure 18). Except for one additional 

15 min period, there was no difference between the taurine plus 

amphetamine group and the control plus amphetamine group. 

When the mice were removed from the motor activity cages after 

the 4 hr of observation, they were graded on the amount of salivation 

that was present (Table 5). The non-amphetamine treated mice did not 

salivate, whereas the mice treated with amphetamine did salivate. The 

mice treated with taurine and amphetamine salivated the same amount as 

the mice treated with 0.5% carboxymethyl cellulose and amphetamine 

(Table 5). 

Sidman Avoidance 

The intraperitoneal injection of taurine on Sidman avoidance 

behavior is shown in Table 6. The 9.0, 13.8, or 21.3 mmole/kg dose 
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Figure 1 8 . The Effect of Taurine on the Stimulate d Motor Activity 
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The mice were accotnmodate d for 1 hr, injected , and immediately r e 
turne d to the motor activity cages . The mice received either 
amphe t amine (30 mg / kg, i . p . ) or distilled water, and either taurine 
( 21 .3 mmole / k g , i.p.) or 0.5% carboxymethyl cellulose . Each point 
is the mean of 12 mice, and t he vertical bars r epresent one S. E . 
Significance of the control plus t a urine group from the control plus 
control group, o r the taurine plus amphetamine group from the 
control plus amphe tamine grou p , i s indicated by a : P < 0 .05 . The 
significance of the control plus amph etamine group from the control 
plus control group is indicated by *: P < 0 . 05 . 
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Table 6. The Effect of Taurine on Sidman Avoidance Performance 

Percentage Change as Compared to the Non-treated Control Day' 

Time Dose 
(min) (mmole/kg) 

15 9.0 

13.8 

21.3 

Wheel Turning Responses 

Control Taurine 

138.5 ± 16.1 98.3 ± 13.7 

93.1 ± 13.2 98.3 ± 19.0 

87.5 ± 17.8 76.3 ± 18.6 

Percent Avoidances 

Control Taurine 

106.3 ± 7.6 87.0 ± 5.8 

99.1 ± 1.6 91.3 ± 3.8* 

98.8 ± 0.7 92.4 ± 5.8 

Percent Escapes 

Control Taurine 

101.7 ± 1.7 100.0 ± 0.0 

100.0 ± 0.0 100.0 ± 0.0 

100.0 ± 0.0 100.0 ± 0.0 

30 9.0 139.3 ± 14.6 85.8 ± 13.6 

13.8 98.7 ± 14.9 100.1 ± 23.6 

21.3 94.9 ± 10.2 78.2 ± 13.8 

102.5 ± 4.1 87.3 ± 5.0 

99.9 ± 1.0 93.7 ± 2.81 

99.5 ± 0.6 94.4 ± 3.4 

101.2 ± 1.2 100.0 ± 0.0 

95.8 ± 4.2 100.0 ± 0.0 

100.0 ± 0.0 100.0 ± 0.0 

60 9.0 136.2 ± 12.8 89.7 ± 14.0 

13.8 94.5 ± 13.7 77.8 ± 12.9 

21.3 99.2 ± 9.7 74.0 ± 9.9 

101.0 ± 1.9 92.7 ± 3.3 

99.9 ± 0.7 96.6 ± 1.4* 

100.0 ± 0.4 96.4 ± 1.6 

101.2 ± 1.2 100.0 ± 0.0 

96.9 ± 3.1 100.0 ± 0.0 

100.0 ± 0.0 100.0 ± 0.0 

a. Each value is the mean ± one S.E. of 8 mice. The control solution (0.5% carboxymethyl cellu
lose) is isoosmotic to the respective taurine solution. The solutions were injected i.p. 30 min 
before the start of the sessions. 

b. Statistically less than the isoosmotic control solution by the paired Jt test (P < 0.05). 



of taurine did not affect the ability of the mice to perform the re

quired response (wheel turning) or to escape the shock. While the 

13.8 mmole/kg dose did slightly decrease percent avoidances, the 

higher dose (21.3 mmole/kg) did not affect percent avoidances. The 

effect on percent avoidances is not dose-related. 

Shuttle-Box Avoidance 

Taurine had no effect on shuttle-box performance (Table 7). 

The 9.0, 13.8, or 21.3 mmole/kg dose of taurine did not affect the 

ability of mice to cross from one compartment of the chamber to the 

other as recorded by total shuttles and inter-trial shuttles. 

Furthermore, neither the ability of the mice to escape the shock, 

nor to avoid the shock by reacting to the sound cue, was impaired by 

the injection of taurine (Table 7). 

Effects of Compounds 
Related to Taurine 

Several compounds related structurally to taurine were tested 

and found to have some effects which were qualitatively similar to 

those of taurine. 

Temperature 

The effects of taurine and related compounds on rectal tem

perature are summarized in Table 8. After the intraperitoneal 

injection at a room temperature of 23°C, all the compounds tested 

were effective in producing a hypothermia. The effects of 3-alanine 

were dose-related and identical to those of taurine (Table 8). 
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Table 7. The Effect of Taurine on Shuttle-box Avoidance Performance 

Dose 
(mmole/kg) N 

9.0 

13.8 

21.3 

13 

13 

7 

Percentage Change as Compared 
to the Non-treated Control Dayc 

Total Shuttles Inter-trial Shuttles 

Control Taurine Control Taurine 

107.8 ± 5.6 100.1 ± 5.8 152.5 ± 33.0 102.0 ± 18.9 

100.9 ± 3.5 105.1 ± 5.1 125.1 ± 19.0 108.1 ± 16.6 

97.5 ± 8.1 99.0 ± 7.0 135.2 ± 37.0 117.1 + 34.2 

9.0 

13.8 

21.3 

13 

13 

7 

Percentage Change as Compared, 
to the Non-treated Control Day 

Percent Avoidances Percent Escapes 

Control Taurine Control Taurine 

100.3 ± 5.7 98.7 ± 8.7 

113.8 ± 8.7 123.4 ± 22.2 

101.6 ± 1.3 101.3 ± 1.3 

98.4 ± 1.1 103.8 ± 3.8 

134.7 ± 20.2 87.2 ± 12.5 100.0 ± 0.0 100.0 ± 0.0 

a. Each value is the mean ± one S.E. The control solution (0.5% 
carboxymethyl cellulose) is isoosmotic to the respective taurine 
taurine solution. The solutions were injected i.p. 30 min before 
the start of the 40 trial sessions. Statistical significance was 
checked by the paired t^ test. 



76 

Table 8. The Effect of Taurine and Related Compounds on Rectal 
Temperature after Intraperitoneal Injection 

Compound 
Dose 

(mmole/lcg) N 

Time of 
Lowest Mean 
Temperature 

(min) 

Lowest 
Temperature 

(°c)a  

Time of Mean 
Temperature 
Return to 

Control (min) 

Taurine 9.0 7 40 36.2 ± 0.5C 80 

21.3 7 40 35.2 ± 0.3d 200 

50.4 120 33.3 ± 0.7d >240b 

fi-Alanine 9.0 7 40 36.5 ± 0.4C 80 

21.3 7 60 35.5 ± 0.6C 160 

50.4 7 80 33.1 ± 0.7d >240b 

3-Aminopropane 
sulfonic acid 

9.0 

21.3 7 

40 

60 

35.3 ± 0.4d 

34.2 ± 0.4d 

240 

>240b 

Arainomethane 
sulfonic acid 

9.0 7 20 35.2 ± 0.2d 160 

Glycine 21.3 7 60 34.4 ± 0.4d 180 

a-Aminoiso-
butyric acid 

9.0 

21.3 

7 

8 

40 

40 

37.5 ± 0.36 

do 
36.0 ± 0.2 

N.A. f  

240 

a. Each value is the mean ± one S.E. The statistics were performed 
with Student's t test. 

b. All temperature readings were at a control level 24 hr after the 
injection. 

c. Statistically less than control (P < 0.01). 

d. Statistically less than control (P < 0.001). 

e. Statistically different from the corresponding dose of taurine 
(P < 0.05). 

f. Does not apply, there was no change in temperature. 
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Aminomethane sulfonic acid and 3-aminopropane sulfonic acid produced 

a lowest temperature that was not different from the respective doses 

of taurine. However, their effects appeared to have a longer duration 

(Table 8). Glycine also produced the same effects as taurine. In 

contrast, a-aminoisobutyric acid, 9.0 mmole/kg, did not produce a 

significant decrease in temperature. The 21.3 mmole/kg dose of 

a-aminoisobutyric acid did produce a significant hypothermia, but this 

was less than that produced by the same dose of taurine (Table 8). 

Conditioned Drinking 

The effects of taurine and related compounds on conditioned 

drinking are summarized in Table 9. All compounds tested produced a 

dose-related decrease in conditioned drinking. Both the initial rate 

and total number of rewards were decreased after the intraperitoneal 

injection 30 min before the start of the 20 min sessions (Table 9). 

The effect of $-alanine was essentially the same as that for taurine. 

However, 3-aminopropane sulfonic acid, aminomethane sulfonic acid, 

cysteamine, and glycine were all more potent than taurine in de

pressing the total number of rewards and initial rate (Table 9). 

Cysteamine was the most potent compound tested. In contrast, the 

effect of a-aminoisobutyric acid on the total number of rewards was 

statistically less than that produced by taurine (Table 9). 

The linear regression analysis of the data estimated that the 

dose of taurine required to produce a 50% decrease in the initial rate 

was 17.0 mmole/kg with 95% confidence limits of 12.6 - 23.0 mmole/kg. 

For 3-alanine the estimated dose required to produce a 50% decrease in 



Table 9. The Effect of Taurine and Related Compounds on Conditioned Drinking 

Percentage of the Performance on the Non-treated Control Day 

Total Rexjards Initial Rate 

Compound 
Dose 

(mmole/kg) N 

Taurine 

$-Alanine 

3-Aminopropane 
sulfonic acid 

Aminomethane 
sulfonic acid 

Cysteamine 

9.0 

13.8 

21.3 

9.0 

13.8 

21.3 

2.2 ?  

9.0 

13.8 

21.3 

9.0 

1.5 

2.2* 

g 

18 

16 

13 

12 

12 

8 

11 

12 

6 

7 

12 

6 

12 

Control 

114.9 ± 4.2 

108.9 ± 6.0 

130.8 ± 15.3 

87.6 ± 8.5 

126.4 ± 4.8 

118.4 ± 12.1 

136.2 ± 12.1 

110.4 ± 7.7 

111.4 ± 7.7 

134.1 ± 12.2 

92.0 ± 6.4 

Treated 

99.8 ± 6.4 

78.4 ± 8.2C 

47.2 ± 12.0° 

67.3 ± 8.3f 

81.0 ± 9.6d 

24.0 ± 13.4C 

79.3 ± 12.6 

ef 
23.5 ± 10.6 

3.8 ± 2.8ef 

16.1 ± 11.6e 

12.8 ± 6.7ef 

127.4 ± 8.8 22.5 ± 6.4* 

Control 

104.8 ± 3.1 

99.3 ± 3.4 

93.0 ± 5.2 

86.8 ± 7.5 

109.3 ± 6.0 

96.6 ± 6.6 

137.1 ± 10.2 

103.9 ± 3.5 

105.2 ± 4.0 

96.5 ± 5.2 

103.5 + 6.3 

Treated 

86.3 ± 5.7 

63.7 ± 7.8d 

34.1 + 11.4d 

71.7 ± 7.9 

64.4 ± 8.4e 

13.8 ± 9.3e 

67.0 ± 12.2e 

.ef 
18.3 ± 9.5 

ef 
1.7 ± 1.7 

14.5 ± 10.46 

10.0 ± 7.6ef 

65.9 ± 7.0 5.6 ± 4.2 

Not Measured Not Measured 

81.1 ± 11.0 9.4 ± 7.56 



Table 9—Continued 

Compound 

y-Aminobutyric 
acid 

Glycine 

a-Aminoiso-
butyric acid 

Dose 
(mmole/kg) N 

9.0 

21.3 

13.8 

21.3 

Percentage of the Performance on the Non-treated Control Day' 

Total Rewards 

Control 

10 134.1 ± 6.8 

18 135.3 ± 7.5 

8 144.5 ± 8.8 

Treated 

68.4 ± 19.5C 

.ef 
3.9 ± 1.9 

135.3 ± 6.1 110.4 ± 7.1 
df 

92.7 ± 16.5 
df 

Initial Rate 

Control 

112.8 ± 7.6 

108.1 ± 3.5 

125.7 ± 5.8 

115.8 ± 11.2 

Treated 

56.7 ± 16.1 

6f 
3.8 ± 2.6 

85.6 ± 9.1d 

61.8 + 8.16 

cf 

a. Each value is the mean ± one S.E. The control solutions are isoosmotic to the test 
solutions. 

b. Each compound was injected i.p. 30 min before the start of the 20 min sessions. 

c. Statistically less than the control injection by the paired _t test (P < 0.05). 

d. Statistically less than the control injection by the paired _t test (P < 0.01). 

e. Statistically less than the control injection by the paired _t test (P < 0.001). 

f. Statistically different from the same dose of taurine by Student's _t test (P < 0.05). 

g. This solution was made hypertonic (0.69 osmolar) by the addition of NaCl. 

h. This solution was hypotonic (0.11 osmolar). 



the initial rate was 14.0 mmole/kg with 95% confidence limits of 

10.5 - 18.6 mmole/kg, which is not different from that of taurine. 

However, the estimated dose of 3-aminopropane sulfonic acid required 

to produce a 50% decrease in the initial rate was 3.4 mmole/kg with 

95% confidence limits of 2.0 - 5.8 mmole/kg. This dose is signifi

cantly lower than the dose of either taurine or 3-alanine required to 

produce a 50% decrease in the initial rate (P < 0.005). 

Conditioned Eating 

The effects of taurine and related compounds on conditioned 

eating are summarized in Table 10. All compounds tested produced a 

dose-related decrease in conditioned eating when injected intra-

peritoneally 30 min before the start of the 25 min sessions. Both the 

initial rate and the total number of rewards were decreased by these 

compounds (Table 10). The effects of glycine and 3-alanine were very 

similar to the effects produced by taurine. However, 3-aminopropane 

sulfonic acid, aminomethane sulfonic acid, cysteamine, and y-amino-

butyric acid were all more potent than taurine in decreasing the total 

number of rewards and the initial rate (Table 10). Again cysteamine 

was the most potent compound tested. The effect of the 21.3 mmole/kg 

dose of a-aminoisobutyric acid on both the total number of rewards and 

the initial rate was less than that produced by taurine (Table 10). 

All the compounds tested on both conditioned drinking and con

ditioned eating have less effect on both the total number of rewards 

and the initial rate of conditioned eating than on the same parameters 

of conditioned drinking (compare Table 9 and Table 10). 



Table 10. The Effect of Taurine and Related Compounds on Conditioned Eating 

Compound 

Taurine 

B-Alanine 

3-Aminopropane 
sulfonic acid 

Aminome thane 
sulfonic acid 

Cysteamine 

y-Aminobutyric 
acid 

9.0 

13.8 

21.3 

13.8 

21.3 

9.0 

12 

8 

8 

Percentage of the Performance on the Non-treated Control Day 

Total Rewards Initial Rate 
Dose 

(mmole/kg) N Control Treated 

100.6 ± 1.8 

103.4 ± 1.6 

90.0 ± 3.8 

78.1 ± 4.1 

103.9 ± 13.2 34.2 ± 4.3 

dg 
8 98.8 ± 7.5 40.1 ± 7.2 

8 114.1 ± 15.2 49.7 ± 12.6 

112.2 ± 5.6 70.3 ± 5.9 
df 

9.0 12 128.3 ± 21.3 25.2 ± 6.0 

2.2h 10 96.3 ± 3.9 24.9 ± 6.1* 

9.0 10 107.7 ± 3.0 61.1 ± 7.3 

eg 

ef 

Control 

109.4 ± 4.0 

97.4 ± 4.4 

103.4 ± 8.8 

120.9 ± 8.3 

121.6 ± 8.2 

Treated 

96.8 ± 4.9 

75.5 ± 5.0 

50.4 ± 8.9 

60.9 ± 14.1 

60.3 ± 10.3 

130.3 ± 21.7 74.9 ± 11.2 

148.7 ± 41.2 21.2 ± 6.2 
dg 

97.4 ± 7.3 12.0 ± 3.0 

108.6 ± 5.1 64.0 ± 7.2 
dg 

Glycine 21.3 10 102.8 ± 3.2 29.2 ± 8.3 99.8 ± 4.2 42.8 ± 9.1 



Table 10—Continued 

Percentage of the Performance 
3 

on the Non-treated Control Day 

Total Rewards Initial Rate 
Dose 

Compound (mmole/kg) N Control Treated Control Treated 

a-Aminoiso- 13.8 8 102.8 ± 4.1 73.7 ± 3.1® 104.7 ± 5.4 97.3 ± 12.7 
butyric acid 

104.9 ± 1.3 74.0 ± 4.8eg 101.7 ± 2.5 87.6 ± 3.7eg 
butyric acid 

21.3 12 104.9 ± 1.3 74.0 ± 4.8eg 101.7 ± 2.5 87.6 ± 3.7eg 

a. Each value is the mean ± one S.E. The control solutions are isoosmotic to the test 
solutions. 

b. Each compound was injected i.p. 30 min before the startof the 25 min sessions. 

c. Statistically less than the control injection by the paired _t test (P < 0.05). 

d. Statistically less than the control injection by the paired _t test (P < 0.01). 

e. Statistically less than the control injection by the paired _t test (P < 0.001). 

f. Statistically different from the same dose of taurine by Student's jt test (P < 0.01). 

g. Statistically different from the same dose of taurine by Student's t_ test (P < 0.001). 

h. This solution was hypotonic (0.11 osmolar). 
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The effect of a-aminoisobutyric acid on the conditioned eating 

of C57BL/6J normal and obese mice was also tested (Table 11). The 

total number of rewards was decreased by a-aminoisobutyric acid,'but 

the initial rate was not affected (Table 11). The effect of a-amino-

isobutyric acid on the total number of rewards of the obese mice was 

not as large as the effect of taurine. Also, both taurine and 

a-aminoisobutyric acid were more effective in decreasing the total 

number of rewards in the obese mice than in the normal non-obese mice. 

Motor Activity 

Cysteamine produced an observed decrease in exploratory be

havior in normal mice. This effect was tested by recording the cumu

lative motor activity for 2 hr after the injection of cysteamine. 

Either cysteamine or the isoosmotic control solution was injected 

intraperitoneally immediately before the mice were placed in the motor 

activity chambers. The effect of cysteamine was dose-related. The 

2.2 nmiole/kg dose reduced the cumulative motor activity to 41% of 

control, while the 1.5 mmole/lcg dose only reduced the cumulative motor 

activity to 67% of control. 

The Interaction of Cholinergic 
Drugs on the Effects of Taurine 

Temperature 

The interaction of cholinergic compounds with taurine on rec

tal temperature is summarized in Table 12. Taurine by itself produced 

the expected dose-related decrease in temperature. The combination 



Table 11. The Effect of Taurine and a-Aminoisobutyric Acid on 
the Conditioned Eating of C57BL/6J Mice 

Normal (ob/+, +/+) 

Control 

Taurine 

Percentage of the Performancea 
on the Non-treated Control Day 

% Initial Rate % Total Rewards 

102.0 ± 7.1 

74.4 ± 5.4 

107.4 ± 3.4 

75.3 ± 5.6 

Control 

a-Aminoisobutyric 
acid 

Obese (ob/ob) 

Control 

Taurine 

99.4 ± 6.2 

82.9 ± 13.3 

93.2 ± 6.5 

52.8 ± 18.0 

102.6 ± 4.6 

73.7 ± 8.0 

100.0 ± 4.6 

21.6 ± 3.6 
be 

Control 

a-Aminoisobutyric 
acid 

92.7 ± 27.9 

62.9 ± 11.4 

101.0 ± 6.8 

52.4 ± 5.8 
bd 

a. Each value is the mean ± one S.E. of 10 mice. Taurine or 
a-aminoisobutyric acid (13.8 mmole/kg, i.p.) was injected 
30 min before the start of the 25 min sessions. The con
trol solution (0.5% carboxymethyl cellulose) is isoosmotic 
to the test solutions. 

b. Statistically less than the control group by the paired ̂  
test (P < 0.025). 

c. Statistically different from the normal mice (ob/+, +/+) 
treated with taurine by Student's t_ test (P < 0.001). 

d. Statistically different from the obese mice treated with 
taurine by the paired _t test (P < 0.005), and statis
tically different from the normal mice (ob/+, +/+) treated 
with taurine by Student's _t test (P < 0.05). 
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Table 12. The Effect of Cholinergic Compounds on the Rectal 
Temperature Depression Produced by Taurine 

Mean Temperature 

a Taurine Time of Return to 
Cholinergic Dose Dose Lowest Lowest Control 
Compound (mg/kg) (mmole/kg) N (min) (°C) (min) 

13.8 13 60 36.6 ± 0.3e 140 

21.3 8 60 35.5 ± 0.3e 160 

Eserine 0.05 9 N.A.® 

Eserine 0.05 13.8 12 60 36.5 ± 0.46 140 

x e 
Eserine 0.05 21.3 8 60 35.7 ± 0.3 160 

Eserine 0.10 12 N.A.^ 

Eserine 0.10 13.8 10 60 36.1 ± 0.4e 140 

Eserine 0.10 21.3 8 60 35.5 ± 0.4e 160 

Eserine 0.20 8 20 35.8 ± 0.36 140 

Eserine 0.20 13.8 8 40 35.1 ± 0.3f 140 

Neostigmine 0.055 8 20 37.4 ± 0.3^ 60 

Neostigmine 0.055 13.8 9 40 36.8 ± 0.3e 160 

Neostigmine 0.055 21.3 8 40 35.9 ± 0.4e 160 

Neostigmine 0.110 8 40 36.4 ± 0.4e 160 

Neostigmine 0.110 13.8 9 40 36.1 ± 0.4e 140 

Neostidmine 0.110 21.3 8 60 35.8 ± 0.4® 160 
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Table 12—Continued 

Cholinergic 
Compound 

Atropine 

Atropine 

Atropine 

Taurine 
Dose Dose 

(mg/kg) (mmole/kg) 

5.00 

5.00 

5.00 

13.8 

21.3 

8 

8 

8 

Mean Temperature 

Time of 
Lowest Lowest 

N (min) (°C)C 

60 37.0 ± 0.1 

40 37.1 ± 0.3 

60 35.6 ± 0.3 

Return to 
Control 
(min) 

140 

140 

160 

Methyl atropine 5.55 

Methyl atropine 5.55 

Methyl atropine 5.55 

13.8 

21.3 

8 

8 

9 

60 

40 

60 

37.2 ± 0.2 

36.8 ± 0.3 

35.8 ± 0.3 

160 

160 

180 

a. The cholinergic compound was injected i.p. at 0 min. 

b. Taurine was injected i.p. at 20 min. 

c. Each value is the mean ± one S.E. Statistics were performed by 
Student's _t test. 

d. Statistically less than the control group (P < 0.005). 

e. Statistically less than the control group (P < 0.001). 

f. Statistically less than the control group (P < 0.001), and 
statistically less than the corresponding taurine group 
(P < 0.001). 

g. N.A. = not applicable, there was no change in temperature. 
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of either neostigmine, eserine, methyl atropine, or atropine with 

taurine also resulted in a hypothermia (Table 12). Except for the 

effect of eserine at a dose of 0.2 mg/kg, the hypothermia produced by 

any combination was not different from that produced by taurine alone. 

The time to lowest mean temperature and the time of mean temperature 

return to control did not differ for taurine after any of the cholin

ergic compounds. Neostigmine, atropine, methyl atropine, and the 

highest dose of eserine all produced a significant hypothermia by 

themselves. The hypothermia produced by the 0.2 mg/kg dose of eserine 

was very large and accounts for the entire increase in temperature 

depression after taurine (Table 12). 

Conditioned Drinking 

The interaction of cholinergic compounds on the depression of 

conditioned drinking produced by taurine is summarized in Table 13. 

In these experiments either the cholinergic compound or the control 

solution was injected intraperitoneally 40 min before the start of 

the session, and either taurine or the isoosmotic control solution 

20 min before the start of the experiment. The injection of both of 

the control solutions had no effect on the initial rate, but did in

crease the total number of rewards. At 20 min after injection taurine 

was effective in producing a dose-related decrease in both the initial 

rate and the total number of rewards (Table 13). 

In most instances the cholinergic compounds themselves had no 

effect on conditioned drinking. However, after all cholinergic 
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Table 13. The Effect of Cholinergic Compounds on the Depression of 
Conditioned Drinking Produced by Taurine 

Percentage of the Performance 
k Taurine on the Non-treated Control Day 

Cholinergic Dose Dose 
Compound (mg/kg) (mmole/lcg) N Total Rewards Initial Rate 

d 
13 137. ,0 i 7. 1 O

 
00
 

0 + 4.5 

e 
12 151. 9 ± 8. 7 112. , 6 + 4.9 

13 .8 11 99. 8 ± 8. 48 80. ,3 + 5.8h 

21 .3 12 70. 3 ± 8. 7h 52. ,5 8.9h 

Eserine 0. 20 
d 

10 95. 1 i 4. 4h 72. 2 ± 7.6h 

Eserine 0. ,20 13 .8 11 43. 2 + 11 .3hj 29. 0 ± 10.2ĥ  

Eserine 0. 10 
d 

9 122. 3 ± 10 .6 110. 4 ± 9.6 

Eserine 0. 10 13 .8 9 83. 8 + 9. 8h 79. 5 ± 9.7f 

Eserine 0. 10 
e 

10 142. 6 + 15 .0 101. 8 ± 3.4 

Eserine 0. 10 21 .3 10 73. 8 ± 15 .lh 60. 1 it 10.2h 

Neostigmine 0. 11 
d 

9 114. 3 ± 10 .6 90. 8 ± 9.4 

Neostigmine 0. 11 13, .8 9 47. 9 ± 14 .4hj 41. 5 ± 11.4^ 

Neostigmine 0. 11 
e 

10 132. 8 + 7. 8 93. 0 ± 4.5f 

Neostigmine 0. 11 21 .3 10 53. 1 + 14 .8h 34. 1 ± 10.3h 

Atropine 5. 00 
d 

11 130. 6 ± 11 .2 95. 2 ± 5.7 

Atropine 5. 00 13, .8 14 49. 7 + 12 .4hj 42. 6 ± 11.8hl 

Atropine 5. 00 
e 

12 138. 8 + 14 .4 83. 3 ± 7.38 

Atropine 5. 00 21, .3 12 97. 4 + 10 .9h 77. 6 ± 11.of 
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Table 13—Continued 

Percentage of the Performance 
k Taurine on the Non-treated Control Day 

Cholinergic Dose Dose 
Compound (mg/kg) (mmole/kg) N Total Rewards Initial Rate 

Methyl 5.55 d 10 126.8 ± 11.1 99.8 ± 6.2 
atropine 

Methyl 5.55 13.8 10 81.8 ± 13.5h 78.3 ± 14.6f 

atropine 

Methyl 5.55 6 12 144.1 ± 7.7 92.7 ± 5.5f 

atropine 

Methyl 5.55 21.3 12 84.3 ± 14.2h 70.7 ± 14.lf 

atropine 

a. Each value is the mean ± one S.E. and the comparisons are made by 
Student's _t test. 

b. The cholinergic compound was injected i.p. 40 min before the start 
of the 20 min sessions. All the solutions are made 0.69 osmolar 
by the addition of NaCl. 

c. Taurine was injected i.p. 20 min before the start of the 20 min 
sessions. The control solutions are isoosmotic to the taurine 
solutions. 

d. The control solution is 0.69 osmolar, the same osmolarity as the 
13.8 mmole/kg dose of taurine. 

e. The control solution is 1.07 osmolar, the same osmolarity as the 
21.3 mmole/kg dose of taurine. 

f. Statistically less than the control-control solution (P < 0.05). 

g. Statistically less than the control-control solution (P < 0.005). 

h. Statistically less than the control-control solution (P < 0.001). 

i. Statistically different from the respective dose of taurine alone 
(P < 0.05). 

j. Statistically different from the respective dose of taurine alone 
(P < 0.005). 
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compounds, taurine produced a significant decrease in both the initial 

rate and the total number of rewards. 

Eserine (0.2 mg/kg) did decrease both the initial rate and the 

total number of rewards, and this decrease accounts at least partially 

for the decrease of the combination of eserine (0.2 mg/kg) and taurine 

(13.8 mmole/kg) beyond that of taurine alone (Table 13). A lower dose 

of eserine (0.1 mg/kg) did not affect conditioned drinking, and did 

not alter the effects of taurine on conditioned drinking. Neostigmine 

also did not affect conditioned drinking, except for a small effect on 

the initial rate. However, neostigmine did increase the effect of the 

13.8 mmole/kg dose of taurine, but did not affect conditioned drinking 

after the 21.3 mmole/kg dose of taurine. Atropine and methyl atropine 

did not affect either the initial rate or the total number of rewards, 

except when used in combination with the 1.07 osmolar control solu

tion. In this case both atropine and methyl atropine decreased the 

initial rate. Atropine increased the effect of the 13.8 mmole/kg dose 

of taurine, but did not increase the effect of the 21.3 mmole/kg dose 

of taurine. Methyl atropine did not produce any increase in the 

taurine effect for either dose of taurine. 

The only significant interactions of cholinergic compounds on 

the depression of conditioned drinking produced by taurine occurred 

after the 13.8 mmole/kg dose of taurine with atropine, neostigmine, 

and the 0.2 mg/kg dose of eserine. There was no significant inter

action between atropine or neostigmine and the 21.3 mmole/kg dose of 

taurine. The effects of atropine or neostigmine on the depression of 
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conditioned drinking produced by taurine are not dose-related. The 

interaction with eserine may result because eserine (0.2 mg/kg) by 

itself decreased conditioned drinking. 

Conditioned Eating 

The interaction of cholinergic compounds on the depression of 

conditioned eating is summarized in Table 14. In these experiments 

either the cholinergic compound or the control solution was injected 

intraperitoneally 40 min before the start of the session, and either 

taurine or the isoosmotic control solution was injected 20 min before 

the start of the experiment. The control injections had no effect on 

either the initial rate or the total number of rewards. At 20 min 

after injection taurine was effective in producing a dose-related de

crease in both the initial rate and the total number of rewards 

(Table 14). 

All combinations of cholinergic compounds and taurine produced 

a significant decrease in both the initial rate and the total number 

of rewards. The 0.2 mg/kg dose of eserine decreased the initial rate 

and also increased the effect of taurine on both the initial rate and 

the total number of rewards. The 0.1 mg/kg dose of eserine did not 

affect conditioned eating and did not alter the effects of taurine on 

conditioned eating. Part of the increase in the effect of taurine on 

conditioned eating after the 0.2 mg/kg dose of eserine may be ex

plained by the depression of conditioned eating produced by the 

0.2 mg/kg dose of eserine alone. Neostigmine, atropine, and methyl 

atropine all decreased conditioned eating and increased the effects 
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Table 14. The Effect of Cholinergic Compounds on the Depression of 
Conditioned Eating Produced by Taurine 

c Percentage of the Performancea 
Taurine on the Non-treated Control Day 

Cholinergic 
Compound 

Dose 
(mg/kg) 

Dose 
(mmole/kg) N Total Rewards Initial Rate 

d 
9 101.0 + 2o 7 104.2 ± 6.3 

e 
9 99.1 + 2.7 96.5 ± 4.9 

13.8 9 84.6 ± 4.78 86.0 ± 3.9f 

21.3 9 60.7 ± 5.6h 65.2 ± 8.08 

Eserine 0.20 
d 

9 92.5 + 6.0 77.7 ± 9.8f 

Eserine 0.20 13.8 9 52.1 ± 5.7hk 39.4 ± 9.1hk 

Eserine 0.01 
d 

7 101.0 ± 3.1 102.2 ± 5.2 

Eserine 0.01 13.8 7 83.0 ± 7.3f 87.2 ± 10.4 

Eserine 0.01 
e 

7 101.5 ± 2.5 104.5 ± 14.5 

Eserine 0.01 21.3 7 56.9 ± io.oh 56.0 ± 11.9s 

Neostigmine 0.11 
d 

8 76.9 ± 3.9h 48.7 ± 8.8h 

Neostigmine 0.11 13.8 8 53.8 + 6.4hj 44.8 ± 8.0hk 

Neostigmine 0.11 
e 

8 76.6 ± 6.18 52.4 ± 8. 2h 

Neostigmine 0.11 21.3 8 41.5 5.3hi 29.2 ± 6.3hj 

Atropine 5.00 
d 

6 13.0 ± 1.7h 15.4 ± 1.3h 

Atropine 5.00 13.8 6 15.7 ± 2.7hk 16.4 ± 2.6hk 
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Table 14—Continued 

Percentage of the Performance 
Taurine on the Non-treated Control Day 
Dose 

(mmole/kg) N Total Rewards Initial Rate 

Methyl 5.55 ^ 9 
atropine 

Methyl 5.55 13.8 9 
atropine 

Cholinergic Dose 
Compound (mg/kg) 

39.7 ± 6.9 18.1 ± 2.5 

hk hV 
32.0 ± 7.2 19.3 ± 4.7 

a. Each value is the mean ± one S.E. and the comparisons are made by 
Student's t^ test. 

b. The cholinergic compound was injected i.p. 40 min before the start 
of the 25 min sessions. All the solutions are made 0.69 osmolar 
by the addition of NaCl. 

c. Taurine was injected i.p. 20 min before the start of the 25 min 
sessions. The control solutions are isoosmotic to the taurine 
solutions. 

d. The control solution is 0.69 osmolar, the same osmolarity as the 
,13.8 mmole/kg dose of taurine. 

e. The control solution is 1.07 osmolar, the same osmolarity as the 
21.3 mmole/kg dose of taurine. 

. f. Statistically less than the control-control solution (P < 0.05). 

g. Statistically less than the control-control solution (P < 0.005). 

h. Statistically less than the control-control solution (P < 0.001). 

i. Statistically different from the respective dose of taurine alone 
(P < 0.05). 

j. Statistically different from the respective dose of taurine alone 
(P < 0.005). 

k. Statistically different from the respective dose of taurine alone 
(P < 0.001). 



94 

of taurine on both the initial rate and the total number of rewards. 

Again, the effect of the cholinergic agent alone accounts for at least 

part, if not all, of the increase in the effect of taurine when the 

cholinergic drug and taurine are tested together. The large depres

sion in conditioned eating produced by atropine or methyl atropine 

completely obscures any effect or interaction of taurine. 



CHAPTER 4 

DISCUSSION 

The hypothermic effect of taurine after intracerebroventri-

cular injection in mice (Figure 4) agrees with that reported in the 

rat after cerebroventricular or intracisternal injection (Sgaragli and 

Pavan, 1972). Also, in agreement with previous reports (Gulati and 

Stanton, 1960; Crawford, 1963; Sgaragli and Pavan, 1972; Izumi, Igisu, 

and Fukuda, 1974), the cerebroventricular injection of taurine pro

duces a grossly observable general behavioral depression. Among the 

observable effects are a depression of respiration, decreased explora

tory behavior, ataxia, and flaccidity. Seizures occurred in the mouse 

after the cerebroventricular injection of large doses of taurine 

(2-4 nmole). The numerous observed effects indicate that following 

intracerebroventricular injection, taurine produces general behavioral 

effects which may be non-specific as to the site of action. 

Because taurine does not easily cross the blood-brain barrier 

(Peck and Awapara, 1967), the doses of taurine needed to produce an 

effect after intraperitoneal injection were large (9.0 to 50.4 

mmole/kg). The intraperitoneal injection of taurine (50.4 mmole/kg) 

does produce an observable behavioral depression (observed as a de

crease in exploratory behavior and muscle flaccidity), without lethal

ity, similar to that observed after cerebroventricular injection. 
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In contrast, the intraperitoneal injection of taurine (9.0 to 

21.3 mmole/kg) does not produce a general and non-specific behavioral 

depression. Also, the daily intraperitoneal injection of taurine 

(13.8 mmole/kg) for 28 days, plus 100 mM taurine in the drinking 

water, does not produce any general behavioral effects. 

The lower doses of taurine (9.0 to 21.3 mmole/kg) also do not 

affect sensitive behavioral tests. The 21.3 mmole/kg dose of taurine 

does not affect rotarod performance (Table 4), Sidman avoidance 

(Table 6), or shuttle-box performance (Table 7). The 9.0 or 13.8 

mmole/kg doses of taurine also do not produce any major effect on 

Sidman avoidance performance or shuttle-box performance. However, the 

21.3 mmole/kg dose of taurine does slightly decrease motor activity. 

This is true for both unaccommodated motor activity (Figure 17) and 

accommodated motor activity (Figure 18). This effect only occurs 

after at least 15 min of testing. The decrease in accommodated motor 

activity is in agreement with the report of Baskin et al. (1974), but 

the dose required to produce a decrease in accommodated motor activity 

in the mouse is approximately 1000 times the dose required in the rat. 

Mice are, therefore, less sensitive than rats to the general depres

sant effects of taurine. While the 21.3 mmole/kg dose of taurine does 

slighty decrease unaccommodated motor activity, the 13.8 mmole/kg dose 

of taurine is without effect on unaccommodated motor activity 

(Figure 17). In general, doses of taurine in the range of 9.0 to 21.3 

mmole/kg injected intraperitoneally do not produce any general behav

ioral depression or non-specific effects. 
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The intraperitoneal injection of taurine does produce specific 

hypothalamic effects. One such specific effect is a dose-dependent 

hypothermia in mice at a normal room temperature of 23°C (Figure 5). 

The hypothermia is rapid in onset and has a depth and duration that is 

dose-dependent. After intraperitoneal injection a greater depth and 

duration of hypothermia can be achieved than is possible after cere-

broventricular injection. 

Taurine also produces a dose-dependent decrease in both the 

initial rate and the total number of rewards of conditioned drinking 

(Figure 12). This depression occurs despite the fact that the in

jected taurine solution is hypertonic and would be expected to 

increase water drive. The decrease in conditioned drinking cannot be 

attributed to an inability of the mice to respond. Firstly, the doses 

used were without effect on general behavioral tests which required 

similar responses. Secondly, when the mice responded, they did so at 

a normal rate. The decrease in conditioned drinking was characterized 

by an increase in the inter-response time between rewards, rather than 

by a disruption of the ability to respond (Figure 11). The duration 

of the decrease in conditioned drinking was 3 hr (Figure 13), which 

corresponds with the duration of the decrease in temperature 

(Figure 5) after the same dose of taurine (21.3 mmole/kg). It was 

also observed in the weight gain experiments, that the mice given free 

access to water did not start to drink immediately after the taurine 

injection, while the mice injected with the control solution started 



to drink immediately. The effect of taurine on drinking is not de

pendent on a conditioned procedure. 

Taurine also depresses conditioned eating in a dose-dependent 

manner. Both the initial rate and the total number of rewards are 

decreased (Figure 15). This depression again cannot be explained as 

an inability of the mice to respond, but was characterized by an in

crease in the inter-response time (Figure 14). Taurine was effective 

in decreasing conditioned eating in C57BL/6J obese mice or their non-

obese litter mates (Table 3). The weight gain of C57BL/6J mice in a 

free eating experiment is decreased by taurine (Figure 16). The 

effect on eating is also not dependent on a conditioned procedure. 

The effect of taurine was greater on the obese mice in both the condi

tioned eating and free eating experiments, most likely because the 

obese mice have large fat deposits. Since taurine is very insoluble 

in fat, the obese mice received in essence a larger dose of taurine 

(on a per gram body weight basis) than their non-obese litter mates. 

The change in temperature is correlated with changes in the 

taurine concentration in the plasma. After the intraperitoneal injec

tion, taurine is rapidly absorbed and reaches a maximum level in the 

plasma within 30 min (Figure 2). This is higher than the dose used, 

because taurine in the plasma is slowly distributed and excreted, and, 

therefore, is initially at a large and disproportionate percentage of 

the injected dose. The rate of disappearance of taurine from the 

plasma for the first 2 hours is also rapid with a half-life of about 

37 min. After 2, hours the rate of elimination of taurine from the 
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plasma slows to a second half-life of about 82 min. The change in the 

half-life of elimination may occur because some tissues take up 

taurine readily and then slowly release the taurine back into the 

extracellular space (Huxtable and Bressler, 1972). After the large 

doses of taurine (9.0 to 21.3 mmole/ltg) , the kidney is responsible for 

the clearance of large amounts of taurine from the plasma (Huxtable 

and Bressler, 1972). 

The plasma levels of taurine correspond with the hypothermia 

produced by taurine. It appears that a threshold plasma concentration 

of about 4 ymole/ml of taurine is necessary to produce a hypothermia, 

because a hypothermia was present only when the plasma concentration 

was above this value. 

The concentration and distribution of taurine in the mouse 

brain (Table 1) agrees with previous reports (Agrawal, Davison, and 

Kaczmarek, 1971; Collins, 1974; Cutler and Dudzinski, 1974; Guidotti, 

Badiani, and Pepeu, 1972; Shank and Aprison, 1970; Kandera, Levi, and 

Lajtha, 1968; Timiras, Hudson, and Oklund, 1973). Since taurine does 

not readily cross the blood-brain barrier (Peck and Awapara, 1967), 

large intraperitoneal injections of taurine do not produce large 

changes in the taurine concentration in the brain (Table 1 and 

Figure 3). The change in taurine concentration in various areas of 

the brain does not correlate well with the decrease in temperature 

after the intraperitoneal injection (Figure 3). Consistent and large 

changes in taurine concentration occur only in the hypothalamus. The 

9.0 mmole/lcg dose produces an increase in the taurine concentration 
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In the hypothalamus at 30 min, but this change is transient and con

trol levels are reattained at 1 hr. This does not correlate with the 

hypothermia because the temperature is still decreased at 1 hr. The 

21.3 mmole/kg dose also produces an increase in the taurine concen

tration in the hypothalamus at 30 min, but the concentration of 

taurine continues to increase up to 3 hr and remains elevated at 4 hr. 

However, at 4 hr the hypothermia is no longer present and the increase 

in the taurine concentration in the hypothalamus does not correspond 

to the hypothermia. 

After intraperitoneal injection, taurine affects only temper

ature regulation and drinking and eating behavior, which are known to 

be under the major control of the hypothalamus (Patton, 1965; Chaffee 

and Roberts, 1971; Gale, 1973; Blass, 1973; Fitzsimons, 1972; Baile, 

1974), and does not exert any major effects on other general behaviors 

which are not regulated by the hypothalamus. However, changes in the 

hypothalamic concentration of taurine do not correlate closely with 

the major effects of taurine on the hypothalamic behaviors. 

A possible explanation is that the changes in the taurine 

concentration in the hypothalamus may not be the most reliable indi

cator of the locus of action of taurine. Firstly, the largest pool 

of taurine in the hypothalamus is intracellular and the interstitial 

or extracellular pools of taurine are much smaller. Intracellular 

taurine has a slow turnover (Spaeth and Schneider, 1974; Collins, 

1974; Sturman, 1973) and may represent an inactive pool of taurine. 

Secondly, neurons have efficient transport systems to accumulate 
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taurine intracellularly against a concentration gradient (Collins, 

1974; Honegger et al., 1973; Kaczmarelc and Davison, 1972; Oja and 

Lahdesmaki, 1974). Thirdly, the active uptake of the interstitial 

taurine has been proposed as a mechanism for the termination of the 

action of taurine (Kaczmarek and Davison, 1972). This inactivation 

may even occur by non-neuronal tissue, such as by glial cells (Schrier 

and Thompson, 1974; Ehinger, 1973). And fourthly, the interstitial 

concentration of taurine is important for the physiological or phar

macological actions of taurine, because the effects after the ionto-

phoretic injection of taurine occur from the changes in the taurine 

concentration in the interstitial spaces (Curtis and Watkins, 1965; 

Haas and Hosli, 1973; Crawford and Curtis, 1964; Curtis and Crawford, 

1969). The effect after iontophoretic injection is of short duration, 

presumably because the injected taurine is rapidly inactivated by 

cellular uptake. The short duration of action occurs because the site 

for the action of taurine is probably on the external surface of the 

cell membrane. Therefore, the measurement of taurine in the hypo

thalamus consists of mainly the large and probably inactive intra

cellular pool of taurine, which is concentrated by the cells by active 

uptake processes. The neuronal uptake processes have been proposed to 

terminate the action of taurine by the removal of taurine from the 

active interstitial pool (Sieghart and Karobath, 1974; Davison and 

Kaczmarek, 1971). 

An increase in the interstitial concentration of taurine in 

the hypothalamus probably causes a corresponding increase in the 
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Intracellular concentration of taurine because the active uptake into 

the cells would be increased and the spontaneous diffusion out of the 

cells (down a diminished concentration gradient) would be decreased. 

The increase in the interstitial concentration of taurine in the 

hypothalamus would occur because of the increase in the plasma concen

tration of taurine. Therefore, the increase produced in the intra

cellular concentration of taurine, 30 min after injection, is probably-

proportional to the increase in the interstitial concentration of 

taurine in the hypothalamus. The lower dose of taurine (9.0 mmole/kg) 

possibly maintains a large concentration difference in the inter

stitial area of the hypothalamus for only about 30 min, so that by 

1 hr the uptake is no longer important, and the excess taurine which 

had been accumulated by the hypothalamus had diffused out of the 

cells. The higher dose of taurine (21.3 mmole/kg) probably maintains 

a high concentration of taurine within the interstitial area of the 

hypothalamus for about 2 hr, which is sufficient to insure the con

tinuous uptake of taurine into the cells of the hypothalamus. After 

3 hours the rate of uptake and diffusion out of the cells of the hypo

thalamus appear to be about equal, so there is no further change in 

the intracellular concentration of taurine. However, the important 

concentration of taurine regulating hypothalamic function is probably 

in the interstitial space of the hypothalamus, on the external surface 

of the cells where the proposed receptors are located. Since the im

portant concentration of taurine is small in magnitude and located in 

the interstitial space, it is easily obscured by the much larger and 
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inactive intracellular concentration of taurine, which has been meas

ured (Table 1 and Figure 3). But the increase in the hypothalamic 

concentration of taurine does crudely represent the changes which 

occur in the interstitial concentration of taurine. This may explain 

the imperfect correlation of the intracellular concentration of 

taurine in the hypothalamus with the hypothalamic effects produced 

by taurine. 

The effect of taurine on temperature regulation was measured 

at unusual environmental temperatures to ascertain if the effects are 

mediated through the hypothalamus. At a room temperature of 4°C the 

depth of hypothermia produced is identical with the hypothermia at a 

room temperature of 23°C (Figure 5 and Figure 6). At the room temper

ature of 4°C the control mice were unable to maintain their normal 

body temperature, and the mice treated with taurine only recovered to 

the slightly hypothermic temperature of this control group. 

At a room temperature of 36°C the hypothermia evident at lower 

room temperatures was not produced (Figure 7). Immediately after 

introducing the mice to this elevated temperature, the rectal temper

atures increased about 1°C. The control mine slowly decreased their 

rectal temperatures back to control levels over 2 hours. However, the 

mice treated with taurine almost immediately lowered their temperature 

back to normal. Salivation was even observed in one-half of the 

taurine treated mice. The decrease back to control levels sooner than 

the control mice may be considered as a small relative hypothermia, 

which was all that was possible at this elevated room temperature. 
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The depth of hypothermia depends on the ability of the mice to 

decrease their temperatures, and is not dependent on the absolute room 

temperature. The effect of taurine is to specifically decrease the 

temperature of the mice to a dose-related minimum. The lowest temper

ature produced by taurine can be attained at a normal room temperature 

of 23°C. There is not a complete disruption of temperature regulation 

after the intraperitoneal injection of taurine in the mouse, as con

trasted to the complete loss of temperature regulation after the 

cerebroventricular injection of taurine in the rat (Sgaragli and 

Pavan, 1972). This again emphasizes the specificity of an intra

peritoneal injection versus the non-specific effects of the cerebro

ventricular injection. The same depth of hypothermia at the two 

environmental temperatures (4°C or 23°C) and the ability still to 

decrease temperature at 36°C suggest that such a specific effect on 

temperature regulation must be confined to the hypothalamus. 

Furthermore, the hypothermia is not dependent upon the intact 

and functioning peripheral adrenergic neurons or the adrenals. The 

treatment of adult mice with 6-hydroxydopamine intraperitoneally 

destroys all peripheral adrenergic responses, except that associated 

with the adrenal medullae (Kostrzewa and Jacobowitz, 1974; Sachs and 

Jonsson, 1975). After this treatment, taurine is still capable of 

decreasing the temperature of the mice (Figure 8). The 6-hydroxy

dopamine treatment, however, seems to shorten the duration of the 

effect of taurine on rectal temperature. Adrenalectomized mice also 

showed a hypothermia after taurine treatment (Figure 9). In these 
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mice the development of hypothermia seems to occur less rapidly. 

Therefore, the effect of taurine is not dependent on peripheral 

adrenergic neurons or the adrenals, but these peripheral structures do 

play a role in temperature regulation because they modulate the onset 

and the duration of the hypothermia (Chaffee and Roberts, 1971; Gale, 

1973; Hammel, 1968). 

Taurine also does not affect hypothalamic adrenergic systems. 

Taurine does not affect the concentration of dopamine, norepinephrine, 

or serotonin in the hypothalamus or the rate of depletion of dopamine 

or norepinephrine in the hypothalamus after synthesis inhibition with 

a-methyl-p-tyrosine (Table 2). Other adrenergic responses were also 

tested. Amphetamine, which increases temperature (Cacia et al., 1973; 

McCullough, Milberg, and Robinson, 1970), increases motor activity 

(Banerjee and Lin, 1973; Maiclcel, Levine, and Quirce, 1974; Creese 

and Iversen, 1975), and increases salivation (Maling, Williams, and 

Koppanyi, 1972), was tested with taurine for these adrenergic effects. 

Taurine does not affect the increase in temperature (Figure 10), the 

increase in motor activity (Figure 18), or the increase in salivation 

(Table 5) produced by amphetamine. Therefore, taurine does not affect 

noradrenergic or dopaminergic neurons in the hypothalamus or any 

neuronal system that is influenced by amphetamine. 

The possible interaction of taurine with cholinergic neurons 

was extensively investigated. Neostigmine (a peripheral inhibitor of 

acetylcholinesterase) and methyl atropine (a peripheral muscarinic 

receptor blocker) had no effect on the temperature effects of taurine 
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(Table 12). Part of this lack of effect occurred because these agents 

were capable of decreasing temperature on their own (Brimblecombe, 

1973; Kirkpatrick and Lomax, 1967; IChavari and Russell, 1969), but 

they did not increase the effects of taurine (Table 12). 

The peripheral acetylcholinesterase inhibitor (neostigmine) 

and the peripheral muscarinic receptor blocker (methyl atropine) had 

no effect of their own on conditioned drinking, and also had no major 

effect on the decrease of conditioned drinking produced by taurine 

(Table 13). The only significant interaction occurred between the 

13.8 mmole/kg dose of taurine and neostigmine. But this effect did 

not occur with the 21.3 mmole/kg dose of taurine. This one effect, 

therefore, appears to be non-specific. 

Neostigmine and methyl atropine produced a large decrease in 

conditioned eating (Table 14). Taurine did not alter the effects of 

these drugs on conditioned eating. Neither the inhibition of the 

peripheral muscarinic receptor with methyl atropine to decrease the 

activity of the peripheral cholinergic nervous system, nor the inhi

bition of the peripheral acetylcholinesterase with neostigmine to 

increase the activity of the peripheral cholinergic nervous system, 

had any major effect on the responses of the mice to taurine. 

Therefore, it appears that the involvement of the peripheral 

cholinergic neurons on the effects of taurine is minor. There are no 

major interactions on temperature or conditioned drinking, and the 

effect on conditioned eating is due to the large effect of the 

cholinergic agent alone. 
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Eserine (an inhibitor of acetylcholinesterase in the central 

nervous system and periphery) and atropine (a muscarinic receptor 

blocker in the central nervous system and periphery) also did not 

alter the temperature effects of taurine (Table 12). Again, these 

agents did produce a hypothermia on their own (Brimblecombe, 1973; 

Kirkpatriclc and Lomax, 1967; Khavari and Russell, 1969) and taurine 

does not increase the hypothermia, but even doses which have no effect 

on temperature did not change the effect of taurine (Table 12). 

The peripheral and central muscarinic receptor blocker 

(atropine) and the peripheral and central acetylcholinesterase inhib

itor (eserine) had no effect on the decrease in conditioned drinking 

produced by taurine (Table 13). Eserine had no effects of its own 

and did not change the effect of taurine. Atropine also had no effect 

of its own, but did increase the effect of the 13.8 mmole/kg dose of 

taurine. The lack of effect with the 21.3 mmole/kg dose indicates 

that this is probably a non-specific effect. 

Eserine did not affect conditioned eating and did not increase 

the effect of taurine (Table 14). Atropine produced a large decrease 

in conditioned eating and completely overshadowed any effect of 

taurine on conditioned eating. Neither the inhibition of the periph

eral and central muscarinic receptor with atropine, decreasing the 

activity of the entire cholinergic system, nor the inhibition of the 

peripheral and central acetylcholinesterase with eserine, increasing 

the activity of the entire cholinergic system, had any effect on the 

responses of the mice to taurine. 
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Therefore, any interaction of taurine with central cholinergic 

responses is unlikely. The interaction with taurine on temperature is 

not increased, the effect on conditioned drinking is not specific, and 

any effect on conditioned eating does not overcome the large effects 

of atropine. 

Taurine does not appear to act on any normal adrenergic or 

cholinergic system. The effects of taurine may then be explained as 

an effect on taurine, y-aminobutyric acid, or glycine receptors, or 

be non-specific in reference to neurotransmitter but to affect the 

characteristics of neuronal responses by an alteration of ion move

ments (Gruener et al., 1975). Whatever the mechanism, after intra

peritoneal injection, only behaviors mediated by the hypothalamus are 

involved. 

Taurine is not the only compound to affect these hypothalamic 

behaviors. All related compounds that were tested did produce a de

crease in rectal temperature (Table 8), a decrease in conditioned 

drinking (Table 9), and a decrease in conditioned eating (Table 10). 

In these three tests $~alanine was identical to taurine, while 

3-aminopropane sulfonic acid, aminomethane sulfonic acid, glycine, 

y-aminobutyric acid, and cysteamine were all somewhat more potent than 

taurine. Cysteamine was the most potent compound tested. But the 

effects of cysteamine were not confined to the hypothalamic behaviors, 

because cysteamine also decreased motor activity. The non-specific 

effect of cysteamine may be related to its disruption of thiol and 

disulfide groups in cells (Modig, 1973). 
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The decrease of hypothalamic behaviors is not unique to 

taurine. Taurine may possibly act on y-aminobutyric acid or glycine 

receptors. This is further confirmed by the similar effects that 

either y-aminobutyric acid or glycine have on hypothalamic behaviors. 

To clarify the specificity of taurine, a-aminoisobutyric acid, 

a transported but not metabolized amino acid, was also tested. 

a-Aminoisobutyric acid decreased temperature, conditioned drinking, 

and conditioned eating. However, a-aminoisobutyric acid was less 

effective than taurine. This was true in C57BL/6J obese or non-obese 

mice (Table 11) and normal mice (Table 10). The activity of a-amino

isobutyric acid indicates that part of the effect of taurine on 

conditioned eating may be due to the action of taurine as a trans

ported but not metabolized amino acid. 



CHAPTER 5 

CONCLUSION 

In mice the intracerebroventricular injection of taurine pro

duces a hypothermia and a general, possibly non-specific, behavioral 

depression. In contrast, the intraperitoneal injection of taurine 

does not produce any observable or measurable general behavioral 

effects, but does specifically decrease behaviors mediated by the 

hypothalamus, such as temperature, drinking, and eating. The hypo

thalamic effects correlate with the increase in the plasma level of 

taurine, and possibly with the interstitial concentration of taurine 

in the hypothalamus. The effects of taurine are probably hypothalamic 

because ambient room temperature and peripheral adrenergic structures 

only slightly modified the hypothermia. Other general mechanisms of 

action were excluded because taurine did not affect any action of 

amphetamine or the concentration or turnover of norepinephrine or 

dopamine in the hypothalamus, and there were no peripheral or central 

cholinergic interactions. The effects of taurine are not unique since 

all analogues tested produced the same hypothalamic effects. The 

possibilities remain that taurine may act on y-aminobutyric acid, 

glycine, or taurine receptors. 
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APPENDIX A 

STATISTICAL METHODS 

The statistical programs to handle the data from the exper

iments were written by the author. The programs were stored on a 

magnetic tape cassette and were written to handle data which had been 

hand-punched on paper tape. 

The first program was used to analyze the data from the tem

perature experiments. All the data for one group of mice was typed 

on paper tape, one time point at a time, in chronological order. The 

program was written so that up to four complete groups could be 

entered and stored at one time. The data was analyzed by computing 

the number of mice in each group, and calculating the mean and 

standard error at each time point for each group. At each time point 

all possible Student's _t tests were performed. The results were 

obtained by having the Typewriter (Model 701) type the results out by 

time point. After the typed data was obtained, the data was plotted 

on the Flatbed Plotter (Model 712). The data was plotted by group 

over all the time points as the mean, with standard error bars at 

each point. The equations used were: 
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where X = the mean 

X = the individual values 

N = the number of observations 

t = Student's JL 

and subscripts refer to group 1 and group 2. 

The second program was written to handle the data from the 

conditioned drinking and eating experiments. Again, all the data was 

typed on paper tape, one group at a time. The data from the non-

treated control day just preceded the data from the experimental day. 

The program was written so that four groups could be entered and 

stored at one time. The mean and the standard error were calculated 

for the non-treated control day, for the experimental day, and for 

the percent of the experimental day as compared to the non-treated 

control day. The paired _t value was calculated between the non-

treated control day and the experimental day for each group. Also, 

the paired t value was calculated between all possible groups for the 

non-treated control day, the experimental day, and the percent of the 
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experimental day as compared to the non-treated control day. The 

results were obtained by having the Typewriter (Model 701) type the 

results out for an experiment by group. The equations used for the 

mean and standard error were the same as those used in the program 

for the temperature data. The paired t_ equation used was: 

where X = the value for the first group 

Y = the value for the second group 

N = the number of observations 

and t = the paired _t value. 

A complete documentation of the programs and the instructions 

for their use are very long and are omitted here. This information 

about the programs may be obtained from the author. 

I £ ( x  ~  Y ) l  Nn  
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