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Abstract. Differences in metabolic response to intraperitoneally injected tyramine were 
examined in young (3-4 month) and old (20-24 month) Sprague-Dawley and Fischer 344 
rats. Fischer 344 rats were found to be significantly more sensitive to tyramine than 
Sprague-Dawley. Optimal doses were 2 mg/kg body weight for young F344, 20 mg/kg for 
young Sprague-Dawley, 5 mg/kg for old F344, and >40 mg/kg for old Sprague-Dawley. 
Significantly higher doses were required by old rats than young. Mechanisms of these age- 
and strain-related differences in response are discussed. This information could well be 
important in selecting appropriate ages and strains of animals for experimental use, espe- 
cially in aging research. 

Tyramine, a naturally occurring sym- 
pathomimetic amine, has been identified as 
a normal constituent of some mammalian 
tissues (1). Exogenously administered 
tyramine is actively taken up by the sym- 
pathetic nerve endings into the catechol- 
amine storage vesicles displacing catechol- 
amines, primarily norepinephrine (NE), in 
the process (2). There are no apparent signs 
of toxicity when tyramine is employed, and 
the elevated metabolism following injec- 
tions of either tyramine or NE is equivalent 
(3). In environmental physiological re- 
search tyramine has supplanted the use of 
NE as an indicator of the level of cold ac- 
climation (3-6). 

There is some information suggesting 
that the function of the adrenosympathetic 
nervous system is modified consequent to 
the aging process (7-11). There are two 
primary questions: (a) do older animals re- 
spond differently to equivalent doses of a 
chemical substance than younger animals; 
and (b) are there differences in response 
between various strains of a species? 
Heroux et a f .  (3) reported that the optimal 
dose of tyramine to elicit a maximum meta- 
bolic response in young male Sprague- 
Dawley (S-D) rats was 20 mg/kg body 
weight intraperitoneally . It is of practical 
interest to determine whether this optimal 
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dose of tyramine for young animals is opti- 
mal for older (2 years old) animals. Avail- 
able data revealed that male Sprague- Daw- 
ley rats have a median survival rate of 23 
(12), 24.5 months (13, 14), and 30 months 
(15), while male Fischer 344 (F344) rats 
have a median survival rate of 27.5 (16) to 
29 months (17). There are significant differ- 
ences in mean body weights between the 
two strains of male rats. At 80 to 90 days of 
age, male Sprague-Dawley had a mean 
weight of 325 g while F344 weighed 214 g 
(18). At 20 to 24 months, male Sprague- 
Dawley attained mean body weights of 700 
g (13) while male F344 had a mean weight of 
329 g (19). 

There is minimal information differ- 
entiating the responses of these strains to a 
stimulus, either chemical or physical. Such 
knowledge is imperative in selecting the 
appropriate strain of animal for experi- 
mental use. This paper presents the differ- 
ences in metabolic response to tyramine in 
relation to age; i.e., young and old, and 
between the two strains of rat commonly 
utilized for aging research, Sprague-Daw- 
ley and Fischer 344. 

Materials and Methods. Male Sprague- 
Dawley and Fischer 344 rats, 3 to 4 and 
20 to 24 months of age, were studied. 
The animals were individually caged and 
provided with Purina Laboratory Chow and 
water ad libitum. A 12-hr light and dark 
cycle was maintained. Oxygen uptake was 
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continuously measured in a constant vol- 
ume, closed system (Volume Meter, Med 
Science, Model 160) with the rat in a sealed 
Plexiglas chamber while immersed in a 28" 
water bath, and the expired CO, was ab- 
sorbed by soda lime. Colonic and chamber 
temperature were measured continuously 
with thermistor probes and recorded on a 
dual-channel recorder. Before evaluating 
the animals' response to tyramine, 0, up- 
take and colonic temperature were first 
measured at 28" for 30 min to establish a 
baseline. Each animal was then temporarily 
removed from the chamber and given in- 
traperitoneal tyramine- HCl. The animal 
was then returned to the chamber and mea- 
surements resumed for another hour. The 
resulting data were plotted and the peak re- 
sponse to tyramine which was generally 
present for several minutes was calculated. 
At least one week elapsed between each 
administration of tyramine in the same 
animal. 

The optimal dose of tyramine-HCl ad- 
ministered was determined by constructing 
a log-dose-response (LDR) curve for each 
of the four groups of rats. That is, succes- 
sively increasing log doses of tyramine- 
HCl were administered to  the rats, and 
the metabolic response was plotted against 
log dose until the response curve pla- 
teaued when a higher dose of tyramine- 
HCl was administered. The optimal dose 
was defined as the lowest dose of tyra- 
mine-HC1 that produced a maximal re- 
sponse increase in 0, uptake and colonic 
temperature. The significance of the differ- 
ences between 0, uptake and colonic tem- 
perature before and after administration of 
tyramine was determined by using paired t 
tests. 

Results. The increases in 0, uptake and 
colonic temperature following tyramine in- 
jections were statistically significant from 
each basal value in all rats and at all dos- 
ages tested (p < 0.001), except in the old 
Sprague-Dawley rats when tested with the 
20 mg/kg dose. The optimal dose (20 mg/kg 
bw) for young Sprague - Dawley failed to 
elicit a significant increase in either 0, up- 
take or colonic temperature in old Sprague - 
Dawley rats. 

Young ruts. Young rats respond to an in- 
jection of tyramine with increases in 0, 
uptake and colonic temperature. O2 uptake 
usually peaks within 10 to 20 min following 
the injection and then gradually subsides 
and returns to basal levels in an hour or so. 
Peak response increases with increasing 
dosages until an optimal dose is reached 
and a plateau in response occurs. Elevation 
of the colonic temperature follows the rise 
of 0, uptake with a time lag of 5 to 10 min. 
The degree of elevation corresponds with 
increasing dosage and then plateaus when 
the optimal dose is reached. 

In young Sprague-Dawley (n = 9), three 
dosages (5 ,  10, and 20 mg/kg body weight) 
were used and 20 mg/kg body weight was 
determined to be the optimal dose (Figs. 1 
and 2). A higher basal metabolic rate was 
observed in the young Sprague-Dawley 
given 20 mg compared to those given 10 mg. 
This change was probably related to the 
2-week interval between test sessions when 
these young rats grew rapidly and effect of 
age on metabolism became noticeable. 
Since in some rats this dose elevated col- 
onic temperature to 40.6", any additional 
rise of colonic temperature was considered 
to be potentially harmful, and since in addi- 
tional studies on cold-acclimated animals 
this tyramine dose resulted in colonic tem- 
perature approaching 42", no higher dosage 
than 20 mg/kg body weight was attempted 
in this group. 

Young F344 (n = 13) were initially tested 
with 5 ,  10, and 20 mg/kg body weight dos- 
ages. No obvious differences in their re- 
sponse could be discerned. Therefore, an- 
other group of young F344 (n = 13) were 
reevaluated at lower dosage levels (0.5, 1, 
and 2 mg/kg body weight). The optimal 
dose for young F344 was thus determined 
to be 2 mg/kg body weight (Figs. 1 and 2). 

Old ruts. Basal 0,  uptakes are lower 
in old animals, approximately 16 to 19 
ml-kg-l-min-l, as compared to 21 to 27 
ml.kg-l.min-l in young animals. The old 
Fischer rats have higher basal colonic tem- 
perature (approximately 0.8" higher) than 
young Fischer. However, old animals also 
respond to tyramine by increases in 0, up- 
take and colonic temperature. Most signifi- 
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FIG. 1 .  Increases in oxygen uptake (clear portions of the histograms) in response to intraperitoneal 
injections of tyramine. All measurements were made in an ambient environment of 28". Error bars 
represent SEM. 
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FIG. 2. Elevation of colonic temperature in response to intraperitoneal injections of tyramine. All 
measurements were made in an ambient environment of 28". Error bars represent SEM. 
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cantly, the magnitude and time course of 
the response differs strikingly from the re- 
sponses of the younger animals. The eleva- 
tions of O2 uptake and colonic temperature 
are smaller. The time course of change of 
0, uptake is similar to that of the young, but 
the time course for the change of colonic 
temperature is altered. Peaking of colonic 
temperatures is usually delayed 50 to 60 
min. Two hours or more are required before 
basal levels are reattained. 

The optimal dose for old F344 (n = 12) 
was determined to be 5 mg/kg body weight. 
Although the increase of 0, uptake was 
similar at 2, 5 ,  and 10 mg/kg doses, the ele- 
vation of colonic temperature apparently 
peaked at 5 mg and plateaued at 10 mg 
(Figs. 1 and 2). The optimal dose (20 mg/kg 
body weight) for young Sprague - Dawley 
did not elicit any significant response in old 
Sprague-Dawley (n = 5 )  (Figs. 1 and 2). A 
dose of 40 mg/kg body weight was then 
given and significant increases in 0, uptake 
and colonic temperature (P < 0.001, n = 22) 
were obtained. No higher dosage was at- 
tempted at this point; the optimal dose for 
old Sprague - Dawley being apparently 
greater than 40 mg/kg body weight. 

Discussion. The optimal doses of tyra- 
mine for each group of rats studied (2 
mg/kg body weight for young F344,5 mg/kg 
body weight for old F344, 20 mg/kg body 
weight for young Sprague-Dawley, and 
>40 mg/kg body weight for old Sprague- 
Dawley) represent a significant difference 
between young and old in each respective 
strain and between strains of either young 
or old animals. 

The sluggish and prolonged response in 
old animals may be explained by altered ab- 
sorption, metabolism, or excretion of drugs 
in old animals (20, 21). It is known that the 
myocardial function and blood flow to or- 
gans and tissues in old animals are reduced 
(22). There are functional alterations in 
liver and kidney (22). However, the high 
optimal doses found for old animals cannot 
be explained by these altered mechanisms 
alone, since old animals had been shown to 
be more sensitive to drugs, especially to 
norepinephrine (8), than young ones (2 1). 
Since tyramine acts by release of endoge- 

nous NE, this increased rather than de- 
creased dose requirement in older animals 
could be due to: 

(1) Decreased NE synthesis in old ani- 
mals. Aging impairs the uptake of tyrosine 
or dopa into neurons as well as the in- 
tracellular hydroxylation of tyrosine and 
the P-oxidation of dopamine (7). Therefore, 
the available NE for release by tyramine is 
smaller, and more tyramine is required to pro- 
duce an apparent effect. Diminished avail- 
ability of NE can also be responsible for 
the reduced metabolic effect observed in 
old animals. 

(2) Decreased re-uptake of NE in nerve 
endings in aging animals. Since tyramine is 
taken up at the nerve ending by the same 
amine-pump mechanism, the uptake of 
tyramine can also be slowed (7). Reduced 
re-uptake of NE indicates a reduced avail- 
ability of NE for release by tyramine. 

(3) Increased monoamine oxidase (MAO) 
activity in old rats. Both NE and tyra- 
mine are substrates for MAO. Increased 
MA0 activity may result in reduced avail- 
able NE and tyramine (23). 

The prolonged response or decreased 
rate of recovery in old animals represents 
an example of the often observed phenom- 
enon that the aged require more time than 
the young to reestablish homeostasis when 
displacements are induced (22). It is also of 
interest that we found a relatively lower 
basal 0, uptake but higher basal colonic 
temperature in old F344 than in young 
F344. This may suggest more efficient heat 
production, less effective heat dissipation, 
or better insulation in older F344. 

The strain-related difference observed in 
this study is of considerable significance 
since Sprague- Dawley and F344 are the 
two most commonly used strains in age- 
related studies. Mazze et al. (24) compared 
the rate of metabolism of methoxyflurane to 
inorganic fluoride and in its nephrotoxic 
effects among five rat strains: Fischer 344, 
Buffalo, Wistar, Sprague-Dawley, and 
Long-Evans. F344 rats were found to be 
more susceptible to inorganic fluoride than 
all other strains. They suggested that genet- 
ic factors were responsible for the differ- 
ence. Although some other unknown fac- 



246 METABOLIC RESPONSE TO TYRAMINE IN RATS 

tors may be responsible for the difference in 
response between the F344 and Sprague- 
Dawley rats observed in this study, we are 
inclined to accept the suggestion that genet- 
ic factors were responsible for the differ- 
ence. 

From our data it is apparent that gen- 
eralizations as to the physiological al- 
terations induced or present in aging ani- 
mals cannot be made lightly. Whether or 
not the strain differences observed have a 
direct effect on aging processes remains to 
be determined. 

This research was supported in part by National In- 
stitutes of Health Grant NIH AG 05204-03 and by the 
Evelyn Moyer Chestnut fund. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

Tallman JF, Saavedra JM, Axelrod J. Biosyn- 
thesis and metabolism of endogenous tyramine 
and its normal presence in sympathetic nerves. J 
Pharmacol Exp Ther 199:216-221, 1976. 
Axelrod J, Gordan E, Hertting GG, Kopin IJ, 
Potter LT. On the mechanism of tachyphylaxis to 
tyramine in the isolated rat heart. Brit J Phar- 
macol 1956-63, 1962. 
Heroux 0, Page E, Le Blanc J, Leduc J, Gilbert 
R, Villemaire A, Rivest P. Nonshivering ther- 
mogenesis and cold resistance in rats under severe 
cold conditions. J Appl Physiol38:436-442, 1975. 
Kiang-Ulrich M, Horvath SM. Effects of cold ac- 
climation and 6-OHDA sympathectomy on cold 
tolerance of rats. J Therm Biol4233-237, 1979. 
Kiang-Ulrich M, Horvath SM. Successful cold 
acclimation following bilateral adreno-demedul- 
lation in rats. Proc SOC Exp Biol Med 162:449- 
453, 1979. 
Kiang-Ulrich M, Horvath SM. Effects of cold ac- 
climation and 6-OHDA sympathectomy on cold 
tolerance of bilaterally adrenodemedullated rats. J 
Therm Biol 5179- 183, 1980. 
Gey KF, Burcard WP, Pletscher A. Variation of 
the norepinephrine metabolism of the rat heart 
with age. Gerontologia 11: 1 - 1 1, 1965. 
Frolkis VV, Bezrukov VV, Bogatshaya LN, Ver- 
khratsky NS, Zamostian VP, Shevtchuk VG, 
Shtchegoleva IV. Catecholamines in the metabo- 
lism and functions regulation in aging. Geron- 
tologia 16129- 140, 1970. 
Freedman LS, Ohuchi T, Goldstein M, Axelrod F, 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Fish S, Dancis J. Changes in human serum 
dopamine P-hydroxylase activity with age. Nature 
(London) 236:310-311, 1972. 
McGeer EG, McGeer PL., In: Neurobiology of 
Aging. New York, Plenum, p287, 1975. 
Stramentinoli G, Gualano M, Catto E, Algeri S. 
Tissue levels of S-adenosylmethionine in aging 
rats. J Gerontol 32:392-394, 1977. 
Jones DC, Kimeldorf DJ. Lifespan measurements 
in the male rat. J Gerontol 18:316-321, 1963. 
Lesser GT, Deutsch S, Markofsky J. Aging in the 
rat-longitudinal and cross-sectional studies of 
body composition. Amer J Physiol 2251472- 
1478, 1973. 
Berg BN, Harmison CR. Growth, disease and 
aging in the rat. J Gerontol 12:370-377, 1957. 
Adelman RC. Loss of adaptive mechanisms dur- 
ing aging. Fed Proc 38:1968- 1971, 1979. 
Hoffman HJ. Survival distributions for selected 
laboratory rat strains and stocks. DHEW Publi- 
cation No. NIH 79-161, pp19-34, 1979. 
Coleman GL, Barthold SW, Osbaldistan GW, 
Foster SJ, Jonas AM. Pathological changes during 
aging in bamer-reared Fischer 344 male rats. J 
Gerontol 32:258-278, 1977. 
Sines JO. Strain differences in activity, emotion- 
ality, body weight and susceptibility to stress in- 
duced stomach lesions. J Genet Psycho1 

Chesky JA, Rockstein M. Life span characteris- 
tics in the male Fischer rat. Exp Aging Res 

Kato R, Vassanelli P, Frontino G, Chiesara E. 
Variation in the activity of liver microsomal 
drug-metabolizing enzymes in rats in relation to 
the age. Biochem Pharmacoll3: 1037- 1051,1964. 
Richey DP, Bender AD. Pharmacokinetic conse- 
quences of aging. Annu Rev Pharmacol Toxicol 

Shock NW. In: Powers JH, ed. Surgery of the 
Aged and Debilitated Patient Philadelphia, Saun- 
ders, pp10-43, 1968. 
Lai FM, Berkowitz B, Spector S. Influence of age 
on brain vascular and cardiovascular monoamine 
oxidase activity in the rat. Life Sci 222051-2056, 
1978. 
Mazze RI, Cousins MJ, Kosek JC. Strain differ- 
ences in metabolism and susceptibility to the neph- 
rotoxic effects of methoxyflurane in rats. J 
Pharmacol Exp Ther 184481-488, 1973. 

10 1 :209 - 2 17, 1962. 

2399-407, 1976. 

17~49-65, 1977. 

Received April 5 ,  1982. P.S.E.B.M. 1982, Vol. 171. 


