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Abstract
Background: Apples are rich source of phytochemicals, and their consumption linked with reduced risk
of some cancers, cardiovascular disease, asthma, and diabetes. In the laboratory, apples have been found
to have very strong antioxidant, inhibit cancer cell proliferation, decrease lipid oxidation, and lower
cholesterol.
Objective: Evaluation of the antipyretic effect of apple juice.
Methods/ Design: Twenty albino rats were used in the study. Pyrexia was induced by subcutaneously
injecting 20% w/v brewer's yeast suspension, and the rectal temperature of each rat was measured, before
and after 17h of injection of the yeast, and every hour for four hours after treatment. The rats were
divided into: group A as control, Group B treated with paracetamol, group C treated with apple juice.
Results: The results showed no significant changes in rectal temperature in group A after 1, 2, 3, and
4hour from the initial time, while demonstrated a significant decrease in group B after 1 and 2 hour of
treatment, and significant decrease in group C after 1, 2, 3 and 4 hour of treatment, and when the rectal
temperature after 1h, 2h, 3h, and 4h in groups B and C were compared to their relatives In group A, there
was a significant decrease in group B after 1 and 2 hour of treatment, while a significant decrease after 1,
2, 3 and 4 hour in group C.
Conclusion: Apple is effective as antipyretic. However, describing the active constituent which is
responsible for antipyretic effect and its mechanisms of action are required.
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1. Introduction
Fever is defined as the elevation of core body temperature above normal [1]. Pyres is a clinical
condition that results in increase in body temperature. Pyrexia or fever arises as a secondary
impact of infection, malignancy or other diseased state [2]. Normally the infected or damaged
tissue initiates the enhanced formation of proinflammatory mediator’s which increase the
synthesis of prostaglandin E2 near peptic hypothalamus area and thereby triggering the
hypothalamus to elevate the body temperature [3]. Evidence suggests that cytokines produced
peripherally or centrally are involved directly in the complex autonomic febrile response. In
the periphery, IL-1 and TNF induce an increased production of IL-6. Large amounts of IL-6
have been found to be present in all febrile diseases [4]. Apples contain a large concentration of
flavonoids, as well as a variety of other phytochemicals that have been found to have very
strong antioxidant activity, inhibit cancer cell proliferation, decrease lipid oxidation, and lower
cholesterol, and also led to a decrease in LDL oxidation in human serum [5, 6].
In addition to that, atherosclerotic lesions in mouse blood vessels were reduced by up to 38%
following dietary supplementation with apple extracts rich in polyphenols [7], and when pure
extracts of the dietary flavonoids quercetin or epicatechin (both common to apples) were given
to healthy men, an improvement in endothelial function was observed [8]. The compounds most
commonly found in apple peels consist of the procyanidins, catechin, epicatechin, chlorogenic
acid, phloridzin, and the quercetin conjugates. In the apple flesh, there is some catechin,
procyanidin, epicatechin, and phloridzin, but these compounds are found in much lower
concentrations than in the peels. The procyanidins, epicatechin and catechin, have strong
antioxidant activity and have been found to inhibit low density lipoprotein (LDL) oxidation in
vitro [10].
Recently, apples have been put to the test with a more biologically relevant method of
assessing antioxidant [11]. Compared with 25 other fruits commonly consumed apples are the
largest contributor of fruit phenolics and the greatest supplier of cellular antioxidant activity
[12]
.
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The total antioxidant activity of apples with the peel was
approximately 83 μmol vitamin C equivalents, which means
that the antioxidant activity of 100 g apples is equivalent to
about 1500 mg of vitamin C. However, the amount of vitamin
C in 100 g of apples is only about 5.7 mg [5].
Consumption of fresh fruit is often replaced by the intake of
fruit juices, due to their convenience and ability to quench
thirst. In Europe, apple juice is a highly-consumed product, in
second place after orange juice. Some authors have suggested
that apple juice can reduce some forms of cancer [13].
Search for safe herbal remedies with potent antipyretic activity
received momentum recently as the available antipyretics,
such as paracetamol, aspirin and nimusulide etc, which have
toxic effect to the various organs of the body [14]. Flavonoids
are known to target prostaglandins which are involved in the
pyrexia. Hence the presence of flavonoids in the apple may
contribute to antipyretic activity [15].

provided ad libitum. Only rats that showed an increase in
temperature of at least 0.5 °C were employed for the
experiments. The apple juice and paracetamol (100 mg/kg)
was administered orally and the temperature was measured at
0, 1, 2, 3 and 4 h after administration.
The rats were divided into three groups as following.
 Group A (Control): include five rats, no treatment was
administered.
 Group B: include five rats treated with paracetamol
(Julphar®, UAE) as positive control.
 Group C: include ten rats, treated with 3 ml of apple
juice.

2. Materials and methods
2.1 Preparation of apple juice
Apple juice prepared freshly at the time of experiment by
using juice blender that crushing and pressing apple pulp,
without adding water or any other additives.

3. Results
The results of the antipyretic activity are presented in Table 1.
Administration of the yeast to the rats produced significant
increase in rectal temperature 17 hour after yeast injection and
continued throughout the test, there was no significant
difference (P- value ˃ 0.05) in the basal temperature at initial
time (0 hour) between the different groups.
The results demonstrated no significant (P- value ˃ 0.05)
changes in rectal temperature in group A (control) after 1, 2, 3,
and 4hour from the initial time (0hour), but showed a
significant decrease (P- value ˂ 0.05) in mean rectal
temperature in group B after 1and 2 hour of treatment with
paracetamol (100mg/kg) when compared to initial temperature
(after 17 hour from injection of brewer’s yeast).
The results also showed a significant decrease (P- value ˂
0.05) in mean rectal temperature in group C after 1, 2, 3 and 4
hour of treatment with 3ml of apple juice when compared to
initial temperature (after 17 hour from injection of brewer’s
yeast).
In addition to that, when the rectal temperature after 1h, 2h,
3h, and 4h in groups B and C were compared to their relative
rectal temperature in group A (where no treatment was
administered), there was significant (p- value ˂ 0.05) decrease
after 1h, 2h, 3h, and 4h in group B, and only after 1h and 2h in
groups B, without significant (P- value ˃ 0.05) differences in
rectal temperature after 3 and 4 hour of treatment.

2.2 Animal
The study carried out in July 2014 in the department of
pharmacology / college of medicine / Wassit University. The
albino rats were randomly distributed into control and test
groups. Twenty albino rats of both sex weighing 150 – 200g
from the animal house of the college of Sciences / Wassit
University, were used for the study. The animals were kept in
clean and dry plastic cages, with 12h: 12h light dark cycle. The
animals were fed with standard pellet diet and water was given
ad libitum.
2.3 Antipyretic activity
Pyrexia was induced by subcutaneously injecting 20% w/v
brewer's yeast suspension (10 ml/kg) into the animal's dorsum
region (as described by Adams et al. 1968).
The rectal temperature of each rat was measured using a
thermometer before injection of the yeast, at 17 h following
yeast injection (to determine the pyretic response to yeast) and
every hour for four hours after treatment.
The animals were then fasted for the 17 hour and water was

2.4 Statistical analysis
All data were expressed as mean ± S.D. and analyzed
statistically by using Student's t-test and paired t-test. A
difference was considered significant at P<0.05.

Table 1: Effects of the Apple juice on brewer's yeast-induced pyrexia in rats.
Rectal temperature (°C)
(initial temp)
Normal
After yeast + 17 h
38.48 ±
39.47±
Group A (control)n5
0.629
0.531
38.62 ±
39.3±
Group B n5 (paracetamol) 100mg/kg
0.6535
0.6892
38.35 ±
39.31 ±
Group C (apple
3ml
juice)n=10
0.3923
0.4067
a
P˂O.O5 when compared to the relative control temp.
*P˂O.O5 when compared to initial temp. (0h) within the same row.
Groups

dose
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Temperature after treatment (°C)
+1h

+2h

+3h

+4h

39.85±
0.2646

40.27±
0.263
38.24a
*0.7403
38.31 a * ±
0.6262

39.85 ±
0.3416
38.54±
1.167
38.76 a * ±
0.4648

40.15±
0.4123
39 ±
1.134

38.24 a *±
0.7403
37.75 a*±
0.7028

38.61 a * ±
0.7325
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Fig 1: Effect of Apple juice in hyperpyretic rats

4. Discussion
Bacteria cause fever because of the endotoxin
lipopolysaccharide found in their cell wall. The subsequent
elaboration of interleukin-1 and tumour necrosis factor-α is
believed to initiate the synthesis and release of the fevercausing autacoid prostaglandin E2 (PGE2) by the endothelium
and pericytes of brain capillaries [16].
In general, non-steroidal anti-inflammatory drugs produce
their antipyretic action through inhibition of prostaglandin
synthetase within the hypothalamus [17]. The apple juice
showed significant antipyretic activity in rats is due to the
presence of the flavanoids, like for example quercetin, and
catechin. Therefore it appears that antipyretic action of apple
may be related to the inhibition of prostaglandin synthesis in
hypothalamus, as some flavonoids are predominant inhibitors
of cyclooxygenase or lipooxygenase [14]. The antipyretic effect
of apple make the apple juice as a good substituent to other
synthetic antipyretic, due to it is safety ( no toxic effect),
tolerability by the patients, in addition to other beneficial
effects like the antioxidant and cardiovascular protective
effects. Ray et al., (2006) evaluate the antipyretic effect of
ethyl acetate extract of Acacia catechu Willd in albino rats and
the results showed there was a significant antipyretic effect,
Catechu or cutch (Katha in Hindi and Manipuri), contains
catechuic acid, catechutannic acid, acacatechin, catechu red,
quercetin, catechin, epicatechin, phlebotanin, gummy matter,
quercitrin, and epicatechin [18]. Both the ethyl acetate extract of
Acacia catechu Willd and apple juice have significant
antipyretic effect, and the presence of the catechin, epicatechin
and quercetin in the composition of Acacia catechu Willd and
apple juice may be responsible for antipyretic properties of
apple and catechu wild.
5. Conclusion
The results of the present study indicate the antipyretic activity
of the apple juice is comparable to that of paracetamol and has
significant priority to it. However, further investigations are
required to know exactly the active constituents responsible
for antipyretic effect and if oxidative stress involved in the
pathogenesis of fever since apple has a potent antioxidant
affect.
6. Acknowledgements
The author had no conflicts of interest to report.

Funding
Private funding
7. References
1. Mackowiak PA, Bartlett JG, Borden EC et al. Concepts of
fever: recent advances and lingering dogma. Clin Infect
Dis 1997; 25:119-138.
2. Adesokan AA, Yakubu MT, Owoyele BV, Akanji MA,
Soladoye AO, Lawal OK. Effect of administration of
aqueous and ethanolic extracts of Enantia chlorantha stem
bark on brewer’s yeast-induced pyresis in rats. African
Journal of Biochemistry Research. 2008; 2(7):165-169.
3. Spacer CB, Breder CD. The neurologic basic of fever.
New England Journal of Medicine. 1994; 330:1880-1886.
4. Dalal S, Zhukovsky DS. Pathophysiology and
Management of Fever. J Support Oncol. 2006; 4:009-016.
5. Boyer J, Liu RH. Apple phytochemicals and their health
benefits. Nutr J. 2004; 3:5.
6. Mayer B, Schumacher M, Branstatter H, Wagner F,
Hermetter A. High-throughput flourescence screening of
antioxidative capacity in human serum. Analyt Biochem
2001; 297:144-153.
7. Auclair S, Silberberg M, GueuxE, Morand C, Mazur A,
Milenkovic D et al. Apple Polyphenols and Fibers
Attenuate Atherosclerosis in Apolipoprotein E-Defi cient
Mice. J Agric Chem. 2008; 56(14):5558-5563.
8. Loke WM, Hodgson JM, Proudfoot JM, McKinley AJ,
Puddey IB, Croft KD. Pure dietary flavonoids quercetin
and (-)-epicatechin augment nitric oxide products and
reduce endothelin-1 acutely in healthy men. Am J Clin
Nutr. 2008; 88(4):1018-1025.
9. Escarpa A, Gonzalez M. High-performance liquid
chromatography with diode-array detection for the
performance of phenolic compounds in peel and pulp
from different apple varieties. J Chromat A. 1998; 23:331337.
10. SIlva Porto da P, Laranjinha J, Freitas de V. Antioxidant
protection of low density lipoprotein by procyanidins:
structure/activity relationships. Biochem Pharmacol 2003;
66:947-954.
11. Kelly Wolfe L, Xinmei Kang, Xiangjiu He, Dong Mei,
Qingyuan Zhang, Rui Hai Liu. Cellular Antioxidant
Activity of Common Fruits. J Agric Chem. 2008;
56(18):8418-8426.

~ 114 ~

Journal of Medicinal Plants Studies

12. Somerset SM, Johannot L. Dietary flavonoid sources in
Australian adults. Nutr Cancer 2008; 60(4):442-449.
13. Markowski J, Baron A, Mieszczakowska M and
Plocharski W. Chemical composition of French and Polish
cloudy apple juices Journal of Horticultural Science &
Biotechnology ISAFRUIT Special, 2009, 68-74.
14. Begum TN, Muhammad Ilyas MH, Anand AV.
Antipyretic activity of azima tetracantha in experimental
animals. Int J Cur Biomed Phar Res. 2011; 1(2):41-44.
15. Padhan AR, Agrahari AK, Meher A. A Study on
Antipyretic Activity of Capparis zeylanica Linn. Plant
Methanolic Extract. International Journal of Pharma
Sciences and Research (IJPSR). 2010; 1(3):169-171.
16. Igbe I, Ozolua RI, Okpo SO, Obasuyi O. Antipyretic and
Analgesic Effects of the Aqueous Extract of the Fruit Pulp
of Hunteria umbellata K Schum (Apocynaceae). Tropical
Journal of Pharmaceutical Research. 2009; 8(4):331-336.
17. Clark WO, Cumby HR. The antipyretic effect of
Indomethacin. J Physiol. 1975; 248:625-638.
18. Ray D, Sharatchandra Kh, Thokchom IS. Antipyretic,
antidiarrhoeal, hypoglycaemic and hepatoprotective
activities of ethyl acetate extract of Acacia catechu Willd.
In albino rats. Indian J Pharmacol. 2006; 38(6):408-413.

~ 115 ~

