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ABSTRACT 

The circadian variation of the toxicity and nociceptive actIvity of 
aminophylline as an important methylxanthine was studied in mice. The animals 
were housed under controlled light-dark cycles for at least 2 weeks. Acute 
toxicity was determined by LDso. Hot-plate test was used for determination of 
thermal pain threshold. Doses of 200, 250, 280 and 340 mg/kg of aminophylline 
were injected intraperitoneally to four separate groups of six male mice at six 
hour intervals (09:00,15:00,21:00,03:00). Mortality was recorded at 1,24, and 
48 hours after injection and LDso value was measured by logit method after 48 
hours. The results showed that the lowest nociceptive effect was at the beginning 
of the dark phase. The lowest LDso value was also at the beginning of the dark 
phase. This study indicated that the toxicity of aminophylline was maximum at 
night and had a different rhythm pattern of nociceptive activity. This indicates 
different mechanisms of action for these effects. 
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INTRODUCTION 

Methy lxanthines block adenosine receptors 1,2 and inhibit 
phosphodiesterases3 and other enzymes including 5'­
nucleotidase and alkaline phosphatase.4 They also cause 
the release of calcium from intracellular stores.S,6 Adenosine 
receptor blockade occurs at low micromolar concentrations 
of methylxanthines, while other actions occur at the 
millimolar concentration range.7 Aminophylline is a 
methylxanthine drug that is metabolized to theophylline. 

Theophylline and aminophylline have a relatively 
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narrow therapeutic index that is important in acute and 
chronic administration. Severe toxic symptoms mainly 
include neurological and cardiovascular toxic effects.8 One 

branch of chronopharmacology is chronotoxicology, which 
shows that the toxicity of agents may vary according to the 
administration schedule.9 Circadian rhythms for many 
neurotransmitters and drugs such as serotonin, GABA,IO 
psychotropic drugs, 11 and opioid analgesicsl2 have been 
demonstrated, but the circadian variation of toxicity and 
nociceptive activity of aminophylline has not been reported, 
to date. The aim of this study was to ascertain the circadian 

rhythm of different doses of aminophylline via its 
nociceptive activity and acute toxicity, and also whether 
there is a similar circadian pattern for the toxicity and 
nociceptive effects of this drug. 
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Aminophylline Toxicity Variation in Mice 

MATERIALS AND METHODS 

Animals 

Male albino mice weighing 25-30g were obtained from 
a random bred colony maintained on a normal diet in the 
animal house of Mashhad University of Medical Sciences. 
Animals were housed in a room with a 12/12 hour light! 
dark (07:00-19:00) cycle at 21 ±2°C. The animals had free 
access to food and water. 

Circadian variation of nociceptive activity 

Nociceptive activity was assessed using the hot-plate 
test. The temperature of a metal surface was maintained at 
55 ±0.2°C. The latency to a discomfort reaction (licking 
paws or jumping) was determined before and after drug 
administration. The cut-off time was 25 sec. Aminophylline 
(from Lec Co.) was injected at 5, 10 and 20 mg/kg 
intraperitoneally (ip) for evaluation of nociceptive activity. 
For assessing the circadian variation of nociceptive activity, 
10 mg/kg of aminophylline was injected (ip) at 6 hour 
intervals (09:00, 15:00, 21:00, and 03:00). 

Circadian variation of acute toxicity 

The chronotoxicity of aminophylline was measured at 
6 hour intervals (09:00, 15:00, 21:00, and 03:00). Four 
doses of aminophylline (200, 250, 280 and 340 mg/kg) 
were injected intraperitoneally to four separate groups of 
six male mice. The death number was counted at 1,24 and 
48 hours after treatment. LDso values were calculated by 
logit method. 

Statistical analysis 

The data were expressed as mean values ± S. E. M. and 
tested with analysis of variance followed by the multiple 
comparison test of Tukey. 

RESULTS 

Circadian variation of nociceptive activity 

Except for the 5mg/kg dose, other doses of am inophy lline 
induced nociceptive activity 1 hour after injection. 3 hours 
after administration of aminophylline, only 10 and 20 mg! 
kg doses of this drug showed nociceptive activity (Fig. 1). 

After administration of 10 mg/kg of aminophylline at 
different times throughout the day-night period, minimum 
nociceptive activity was observed at 21:00 (Fig. 2). 

Circadian variation of acute toxicity 

Aminophylline had a variety ofLD so values at different 
times (Fig. 3). The lowest LDso value was at the beginning 
of the dark phase. At 21:00, major mortality was one hour 
after administration of aminophylline. 

DISCUSSION 

This study indicated that the trough of the nociceptive 
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Fig. 1. Nociceptive activity of aminophylline in mice. The d rug 

was administered intraperitoneally. Each point is the mean ± 
S.E.M. rea�tion time of 6 mice. Except for the 5 mg/kg d ose, 

other doses of aminophylline induced nociceptive activity 1 

hour after injection (p<O.05, Tukey test) . 
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Fig. 2. Circadian v ariation of aminophylline (10 mg/kg, ip) 

nociceptive activity. Each point is the mean ± S .E.M. reaction 

time of 6 mice. Significant activity was seen 2 hours after 

injection of aminophylline which had minimum activity at 
21:00 (p<O.05, ANOYA analysis and Tukey test). 
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Each point is the mean of LDso for 6 mice 24 homs after 

effect andLD so of aminophylline, a non-specific antagonist 
of adenosine, is at the beginning of the dark phase. 

Aminophylline induced a reduction in hot plate latency. 
This effect may contribute to the block of Al adenosine 
receptors that have an analgesic effect.13-1S Administration 
of aminophylline and theophylline induced higher blood 
levels of these drugs at night and the elimination of these 
drugs was less in the dark phase. 16.17 However, there is an 
increase in endogenous adenosine levels, and the low 
activity of metabolizing enzymes18-20 of this neuromodulator 
may decrease the nociceptive effect of aminophylline at the 
beginning of the dark phase. 

Maximum mortality or the minimum LDso value of 
aminophylline was at the beginning of .the dark phase. This 
effect is consistent with the fact that both the lowest 
elimination rate and maximum drug concentration in plasma 
occur at the beginning of the dark phase.16.17 Aminophylline 
has a narrow therapeutic index and adverse effects such as 
nausea, vomiting, insomnia, nervousness, gastrointestinal 
bleeding, seizures, cardiac arrhythmia and cardiorespiratory 
arrest may occur in humans.8 Seizures,21.22 tachycardia and 
arrhythmias23 are common causes of death in laboratory 
animals. In toxic or subtoxic doses, besides blocking 
adenosine receptors, this drug inhibits enzymes such as 
phosphodiesterases3 and releases calcium from intracellular 
stores.S•6 This may account for different circadian rhythm 
patterns in the toxicity and nociceptive effect of 
aminophylline. 

In summary, the results of this study indicated that the 
trough of the nociceptive effect and LDso values was at the 
beginning of the dark phase. These circadian variations in 
toxicity may be of importance in the administration of 
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aminophylline. Measuring the plasma concentration of 
aminophylline at different time intervals may help to 
elaborate on these results precisely. 

1. 

2. 

3 . 

4. 

REFERENCES 

Daly IW, Bruns RF, Snyder SH: Adenosine :receptors in the 
central nervous system: r elationship to the central actions of 
methylxanthines. Life Sci 28: 2083-2097, 1981. 
Fredholm BB, Persson CGA: Xanthine derivatives as adenosine 
receptor antagonists. Em J Pharmacol 81: 673-676, 1982. 
Butcher RW, Therland EW: A denosine 3', 5'-phosphate in 
biological materials. J Bioi 237: 1244-1250,1962. 
Fredholm BB, Hedqvist P, Vernet L: Effect· of theophylline and 
other drugs on rabbit renal nucleotide phosphodiesterase, 5'­
nucleotidase and adenosine deaminase. Biochem Pharmacol 
27: 2845-2850, 1978. 

5. Lee HC: Potentiation of calcium and caffeine-induced calcium 
release by cyclic ADP-ribose. J Bioi Chern 268: 293-299, 
1993. 

6. Tanaka Y, Tashjian AH Jr: Functional identificatipn and 
quantitation of three intracellular calcium pools in GH4Cl 
cells: evidence that the caffeine-responsive pool is coupled 
to a thapsigargin-resistant, ATP-dependent process. Biochem 
32: 12062-12073, 1993. 

7. Barry SR: Dual effects of theophylline on spontaneous 
transmitter release from frog motor nerve terminals. J 
Neurosci 8: 4427-4433,1988. 

8. Aronson JK, Hardman M, Reynolds DJM: Theophylline. Br 
Med Assoc 305: 1355-1358, 1992. 

9. Ritschel WA, Forusz H: Chronopharmacology: a review of 
drugs studied. Meth Find Exp Clin Pharmacol 6: 57-75, 
1994. 

10. Reghunandanan V, Regh unandanan R, Singh PI: 
Neurotransmitters of the suprachiasmatic nucleus: role in 
the regulation of circadian rhythms. Prog Neurobiol 41: 
647-656, 1993. 

11. Hagayama H: Chronopharmacology of psychotropic drugs: 
circadian rhythms in the brain. Pharmacol Ther 59: 31-54, 
1993. 

12. Labrecque G, Vanier MC: Biological rhythms in pain and in 
the effects of opioid analgesics. Pharmac Ther 68: 129-147, 
1995. 

H. Sawynok 1, Swccm:y MI, White TD: Cla'mficatwn LJI 
adenosine receptors mediating antinociception in the rat 
spinal cord. Br J Pharmacol 88: 923-930, 1986. 

14. ZarrindastMR, Nikfar SH: Different influences of adenosine 
receptor agonist and antagonist on morphine, antinociception 
in mice. Gen Pharmacol 25: 139-142, 1990. 

15. Sawynok J, Sweeney MI: The role of pmines in nociception. 
Nemosci 32: 557-569, 1989. 

16. Jonkman JH, Vander-Boon WJ, Balant LP, Schoenmaker R, 
Holtkamp A: Chronopharmacokinetics of theophylline after 
sustained release and intravenous administration to adults. 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
5-

31
 ]

 

                               3 / 4

https://mjiri.iums.ac.ir/article-1-924-en.html


Aminophylline Toxicity Variation in Mice 

Eur J Clin Pharmacal 26: 215-222, 1984. 
17. Kumar A, Chakrabarti A, Garg SK: A study on the 

chronopharmacokinetics of theophylline in rabbits. Indian J 
Physiol Pharmacol 35: 187-190 , 1991. 

18. Aorio C, Rosati AM, Traversa V, VertuaR: Circadian rhythms 
in adenosine Al receptor of mouse cerebral cortex. Life Sci 
48: 125-129, 1991. 

19. Rosati AM, Traversa V, Aorio C, Vertua R: Circadian rhythms 
of cortical and striatal adenosine receptors. Life Sci 52: 1677-
1684, 1991. 

20. Yanez L ,  Fiaz-Munoz M: Day-night variations of adenosin e 
and its metabolizing enzymes in the brain cortex of the rat: 

290 

possible phYSiolo gical significance for the energetic 
homeostasis and the sleep-wake cycle. Brain Res 612: 115-
121,1993. 

21. Chu NS: Caffeine_ and aminophylline-induced seizures. 
Epilepsia 22: 85-94, 1981. 

22. Mares P, Kubova P, Czuczwar SJ: Aminophylline exhibits 
convulsant action in rats during ontogenesis. Brain Dev 16: 
296-300, 1994. 

23. Whitehurst VB, Joseph X, Vick JA, AllevaFR, Zhang J, Balazs 
T: Reversal of acute theophylline toxicity by calcium channel 
blockers in dogs and rats. Toxicol 110: 113-121, 1996. 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
5-

31
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               4 / 4

https://mjiri.iums.ac.ir/article-1-924-en.html
http://www.tcpdf.org

