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Antipyretic activity of Sri Lankan black tea (Camellia sinensis)

W D Ratnasooriya, T 8 P Femando and C D W Y Scnevirathna
(Department of Zoology. University of Colombo, Colombo 03, Sri Lanka.)

ABSTRACT

This study examined the antipyretic activity of Sri Lankan black tea (Camellia sinensis
L..) in yeast-induced rat pyrexia model using black tea brew (BTB) of high grown Dust
grade No: | tea. Different doses of BTB (167 mg/ml, equivalent to 3 cups; 50 mg/ml,
equivalent to 9 cups; and 1336 mg/ml, equivalent to 24 cups), water (control) or paracetomof
(200 mg/kg, reference drug) were orally administered 1o yeast -induced pyretic rats (N =
6/group) and their rectal temperature monitored at hourly intervals for 6 h. The results
show that all doses of BTB and paracetomol significantly (P < 0.05) suppressed the pyrexia-
induced by yeast (low dose upto 2 h, mid dose upto 5 h, high dose upto 4 h and paracetomol
upto 4 h). In addition, the mid dose of BTB significantly (P < 0.05) suppressed the intestinal
secretion in enteropooling assay of mice suggesting an impairment of prostaglandin
synthesis. [t is concluded that Sri Lankan black tea possesses antipyretic activity of
moderately long duration in rats and it could play a similar role in humans,
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INTRODUCTION

Tea which is manufactured from the topmost immature leaves and the bud of Camellia
sinensis (L) O. Kuntze (Family Theaceae) plant is one of the most popular beverages
consumed worldwide. Depending on the manufacturing process there are three main types
of teas: black (fully aerated or fermented) green (unaerated or unfermented) and ooleng
(partially aerated or semifermented) {Modder and Amarakoon, 2002). Itis estimated that
80% of world produced tea is consumed as black tea (Anonymous, 2004) predomimnantly
in North America, Great Britain and some Asian countries (Kunkel, 2G03).

Tea and health have always been inextricably linked. Several laboratory studies have
demonstrated that tea, especially the green tea, exhibit distinet and diverse pharmacological
properties: antioxidative: anti-inflammatory; ixhticarcinogenic; antimutagenic;
antiangiogenic; antiarterioselerotic; antiobesity; antidiabetic; antiageing;
hypocholesterolacimic; antibacterial; antiviral; impairment of digestive enzyme activity;
alleviation of liver ailments and neurclogical conditions or reduction of tooth decay and
other guin ailments (Modder and Annmkoon 2002; Koo and Cho, 2004). Furthermore,
findings fiom several epidemiological sludlus suggest that regular Lomumptlou of moderate
10 high quantity of tea lower the risk of heart diseases, stroke and cancers (Modder and
Amarakoon, 2002; Koo and Cho, 2004},
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Sadly, less attention has been focused on the bioactivity of black tea which is heavily
consumed by the tea drinkers in the world. [n this regard, it has been suggested that more
effort should be focused on black tea research in the future (Chi-Tang Ho ef al., 2005).
With respect to Sri Lankan unblend garden mark black tea (the second largest producer
and exporter) published studies on its bioactivity are extremely limited (Abeywickrama,
et al., 2004; Abeywickrama, et al, 2005; O’'Mahony, et al., 2005; Ratnasooriya and
Amarakoon, 2007; Ratnasooriya, ef al., 2007).

Therefore, we have initiated a research programme to investigate bioactivities of Sri Lankan
black tea. In this study, we report antipyretic activity of Sri Lankan black tea using high
grown Dust grade No: | tea in rats.

MATERIALS AND METHODS

Animals

Laboratory bred healthy adult male Wistar rats (weighing 200-225 g) and ICR strain male
mice {weighing 30-40 g) purchased from Medical Research Institute, Borella, Sri Lanka
were used. They were kept under standardized animal house conditions (temperature: 28-
31 °C, photoperiod: approximately 12 hours of light per day, relative humnidity 50-55%).
They had free access to pelleted food (Ceylon Grain Elevators, Colombao, Sri Lanka) and
tap water. All animfexperimcnts were conducted in accordance with the intemationaily
accepted laboratory animal use and care (based on Helsinki convention) and guidelines
and rules of the Faculty of Science, University of Colombo, for animal experimentation.

Sorce of tea

Two or three topmost immature leaves and buds of C. sinensis plants plucked from the
plantation of St. Coombs tea estate of the Tea Research Institute, Talawakelle, Sri Lanka
(1382 m above sea level: high grown) in August 2005 was used to process Dust grade No:
1 black tea by orthodox-rotovane technique at the estate factory. The tea sample was pure,
unblend and typical to the grade as confirmed by sieve analysis, organoleptic profile, and
physical and chemical analysis. Tea samples were packed in triple laminated aluminium
foil bags (1 kg each) and stored at - 20 °C until use.

Preparation of black tea brew (BTB)

BTB was made according to ISO standards (Anonymous, 1980): adding 2 g of black tea to
100 m! water and brewing for 5 min [yield (w/w)} 43.7%]. For oral administration of rats,
3 concentrations of BTB (167 mg/ml, equivalent to 3 cups; 501 mg/ml, equivalent to 9
cups and 1336 mg/ml, equivalent to 24 cups) were made in 2 ml of water. The volume of |
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cup 1s considered as 170 ml.
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Effects on rectal temperature

Thirty rats were randomly asstgned into 5 equal groups (N = 6/group). The rectal temperature
of these rats were determined using a digital thermometer (CT 461C, Citizen systems
Japan Co., LTD, Tokyo, Japan). These rats were then subcutangously injected with 10 ml/
kg of 15% (W/V) aqueous suspension of active dry yeast (General Milling Corporation,
Lapu-Lapu City, Philippines) to induce pyrexia. Nineteen hours after injection of yeast,
rectal temperature of these rats was determined (Hullatti and Sharada, 2007}). These rats
were then orally treated with BTB, water or paracetomol as follows: group 1, 2 ml of
distilled water, group 2 with 167 mg/ml of BTB, group 3 with 501 mg/m! of BTB, group
4 with 1336 mg/ml of BTB and group S with 200 mg/kg of paracetomol! {reference drug).
Rectal temperature was then detenmined at 1, 2, 3, 4, and 5 h post treatment,

Effect of BTB on small intestinal secretion

Intestinal secretion was indirectly evaluated by the enteropooling assay (Vitali et al., 2005).
Briefly, 18 mice were randomiy divided into three groups (N = 6/group). Mice in group 1
were orally treated with 0.2 ml of water, group 2 with 0.2 ml water and group 3 with 501
mg/ml of BTB. Forty minuits later, mice in groups 2 and 3 were oraliy administed with 0.2
ml of castor oil. Afier 30 min all the mice were sacrificed using ether and their small
intestines were removed and weighed. The weights were then expressed as mg/20g body
weight. The difference in the intestinal weight between the normal control and caster oil
treated control was considered as the caster oil-induced accumulation of intestinal fluid.

Statistical analysis
Data are given as means £ SEM. Statistical comparisons were made using the Mann-
Whitney U-test. P < 0.05 was considered as significant.

RESULTS

The results obtained with rectal temperature measurements are summarized in Table 1. As
shown. subcutaneous administration of yeast induced pyrexia in rats (> 100°F). BTB 167
mg/ml dose significantly (P < 0.05) suppressed the pyrexia only at I* and 2™ h post-
treatment. On the other hand, 501 mg/ml and 1336 mg/ml doses of BTB significantly (P <
0.05) reduced pyrexia up to 5 hand 6 hirespectively, The reference drug paracetomol also
significantly (P < 0.05) reduced pyrexia up 10 4 h. The antipyretic potential of black tea
brew was essentially comparable to that of paracetomol (200 mg/kg).

The results in the enteropooling assay are summarized in Table 2. As shown, oral
administration of castor oil significantly (P < 0.05) increased the intestinal fluad secretion,
compared with the normal control. BTB en the other hand, significantly (P < $.05) inhibited

the castor otl-induced intestinal secretion.
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Table 1. Effects of oral administration of black tea brew (BTB) of Dust grade No: 1 tea (167, 501, and 1336 mg/ml) and
yeast-induced pyrexia in rats (mean + SEM)

paracetomol on

Treatment Temperature °F
Before yeast After yeast Post treatment
1" hour 2* hour 3 hour 4" hour 5" hour

Control (Water) 98.5+0.30 101.15+0.29 101.13+0.24 101.32+0.16 101.00+0.34 101.02 £0.28 100.58 £0.25
BTB

167 mg/ml (eq. 3 cups) 98.3+032 101.02x0.15 99.55+0.23* 99.76 +0.02* 100.07 £ 0.07 100.17 £0.09 100.07 + 0.04
501 mg/ml (eq. § cups) 98.9£0.38 10020+ 0.03 99.54 £ 0.15* 069.13 £0.15* 99.56 + 0.14* 99.67+ 0.18* 99.16 £ 0.25*
1336 mg/ml (eq. 24 cups) 98.3+£0.40 101.70+£0.12 99.63 £ 0.16* 99.46+£0.15* 99.40+0.19* 9945+ 0.14* 99.56+0.12
Paracetomol (200 mg/kg) 989 £ 043 10098 £0.23 98.66+ 0.09* 98.73 £ 0.06* 98.83 £ 0.03* 99.08 £0.03* 99.18 £ 0.07

* =P < 0.05 compared to control (Mann-Whitney U-Test); eq = equivalent
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Table 2. Effect of oral administration of 501 mg/ml black tea brew (BTB) of Dust grade
No: 1 tea on castor oil-induced enteropooling in mice (mean = SEM)

Treatment Small intestine Castor oil-induced intestinal
weight (mg/20g)  fluid accumulation (mg)

Nommal control (water) 8294 +12.3 -
Castor oil control
(0.2 ml castor oil + water) 13372+ 2.8 507.8
501 mg/mlof BTB

ab
(0.2 m! castor oil + 501 mg/ ml BTB) 1029.3£3.5 199.9

2 P < 0.05 compared to normal control , ® P < (.05 compared to castor oil conirol {Mann-
Whitney U-Test)

DISCUSSION

The ancients believed that green tea is beneficial for regulaiing body temperature
{Anonymous, 2005) and might be useful in malaria (Stagg and Millin, 1975). On the other
hand, antipyretic effects of black tea is not mentioned either in Ayurvedha or folklore. This
study shows, for the first time, that biack tea made from Sri Lankan high grown Dust grade
No: 1 tea possesses significant antipyretic activity when tested in yeast-induced pyrexia
model of rats. This model is validated, reproducible, reliable and widely used to test
antipyretic eftects of potential drugs {(Gupta et af., 2005; Hullatti and Sharada, 2007).
Therefore, the results obtained are genuine and reassuring. This is and important finding
with clinical significance.

The antipyretic effect of BTB was prompt (appeared within 1h) and moderately long (lasted
up to 4-5h) like the reference drug paracetomol which is frequently used therapeutically to
alliveviate pyrexia (Rang et af., 1995). Further, m the rat mode! BTB had a fever suppressing
effect similar to paracetomol (with respect to magnitude and duration).

Sweating reduces body temperature (Carola ef gl., 1990). But this antipyretic effect is not
mediated via sweating as rats do not have sweat glands {Matthews, 1970). Tea contains
appreciable amount of caffeine (Modder and Amarakoon, 2002). Catfeine is a known
vasoconstrictor (Benowitz, 1990). Hence, constriction of skin blood vessels would be
expecied. Thus, reduction of body temperature due to radiation is unlikely. The
thermoregulatory center in the hypothalamus controls the set body temperature of mammals
{Carola ¢t al., 1990). Prostaglandins are known to clevate the thermoregulatory set point
and thereby produce pyrexia (Carola et al., 1990). Prostaglandin synthesis blockers cyclo-
oxygenase inhibitors (cox) fike aspirin, paracetomol, ibuprofen (Rang et af., 1993) reduce
clevated temperature in pyrexia. Thercefore, it is possible that BTB may also suppress
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yeast-induced pyrexia by a similar mechanism. Indeed, inhibition of expression of cox- 2
has been reported in black tea extracts (Luceri et al., 2002). Furthermore, reduction of
intestinal weight in the caster oil experiment suggests an inhibition of prostaglandin
biosynthesis {Gunakkanru et af., 2005}. There are other mediators such as cytokines, fumor
necrosis factor (Rang et al., 1995) underlying pathogenesis of fever. Possibility exists that
BTB could also inhibit these mediators in bringing about antipyrasis. Further studies are
obviously needed to clarify this point.

In concluston, this study, shows for the first time, that Sri Lanka black tea possesses marked
antipyretic activity i rats. Further, research are necessary to demonstrate similar effects
in human.

ACKNOWLEDGEMENTS
This investigation received financial support from the National Science Foundation under

grant number NSF/Fellow/2005/01. Thanks are also due to Dr. Ziyad Mohamed, former
Director, Tea Research Institute, Talawakelle, for providing the tea sample.

REFERENCES
Abeywickrama K R W, Amarakoon A M T and Ratnasooriya W D 2004 Health Benefits:
Sri Lankan upcountry black tea on serum lipid profile. TRI update 9, 2-3.

Abeywickrama K R W, Amarakoon A M T and Ratnasooriya W D 2005 In vitro and in
vivo antioxidant activity of high grown Sri Lankan black tea (Camellia sinensis L.). . L.
J. Tea Sci. 70, 57-68.

Anonymous 1980 Tea-Preparation of liquor for use in sensory tests: ISO 3130:1532
Internationai Organization for Standardization, Geneva Switzerland, pp 1-4.

Anonymous 2004 Sri Lanka Tea Exporters Direatory, Sri Lanka Tea Board, Colombo, Sri
Lanka pp 1-4.

Anonymous 2005 Green tea. www.umm.edu/altmed/articles. (accessed on 18/07/2007).
Benowitz N L 1990 Clinical pharmacology of caffeine. Annu. Rev. Med. 41, 277-288.

Carola R, Harley I P and Noback C R 1990 Human anatomy and physiology. McGraw-
Hill publishing Company, New York, USA, pp 754-765.

Chi-Tang H O, Mou-Tuan Huang and Jen-Kun Lin 2005 Health promoting properties of
black tea www.worldnatra.com (access on 23/05/2007).

Gunakkanru A, Padmanaban K, Thirumal P, Pritilal; P@imala G, Vengatesen N, Gnanasekar
N, Perianayagam J B, Sharma S K and Pillai K°K 2005 Anti-diarrhoeal activity of Butea
monasperma in experimental animals. J. Ethnopharmacol. 98, 241-244,

59



http://www.umm.edu/altmed/articles
http://www.worldnatra.com

Gupta M, Mazumder V K, Kumar R 8, Gomathi P, Rajeshwer Y, Kakoti B B and Tamil
Selven V 2005 Anti inflammatory, analgesic and antipyretic effects of methanol extract
from Bauhinia racemosa stem bark in animal models. J. Ethnopharmacol. 98, 267-273.

Hullatti K K and Sharada M S 2007 Comparative antipyretic activity of patha: An
ayuruvedic drug. Pheog. Mag. 11, 173-176,

Koo M W L and Cho C B 2004 Pharmacological effects of green tea on gastrointestinal
system. Eur. J. Pharmacol. 500, 177-185.

Kunkel M E 2003 Introduction to tea www.virtual.cleasmson.edu/groups/NIRC/pdf
{accessed on 25/06/2007).

Luceri C, Cadermi G, Sanna A, and Dolara P 2002 Red wine and black tea polyphenols
modulate the expression of cyclooxygenase-2, inducible nitric oxide synthase and
glutathione-related enzymes in azoxymethane-induced F 344 rat colon tumors. J. Nutr.
132, 1376-1379.

Matthews L H 1970 The Life of mammais. Universe Books, New York, pp 31-47.

Modder W W D and Amarakoon A M T 2002 Tea and Health. Tea Research Institute of Sri
Lanka, Talawakelle, Sn Lanka pp 1-180.

0’Mahony R, Al-Khtheeri H, Weerasekera P, Fernando N, Vaira D, Holton J and Basset C
2005 Bactericidai and anti-adhesive properties of culinary and medicinal plants against
Helicbactor pylori. World J. Gesteroenterol. 11, 7499-7507.

Rang H P, Dale M M and Ritter ] M 1935 Pharmacelogy. Churchill Livingstone, Edinburgh,
pp 246-266.

Ratnasooriya W D and Amarakoon AM T 2007 Effect of Sri Lankan high grown black tea
(Camellia sinensis) on motility of human spermatozoa in vizro. S. L. 1. Tea Sci. 72(1), 16-

22.
Ratnasooriya W D, Amarakoon A M T, Fernando T S P, Ranatunga R A A R, and

Abeywickrama K. R W 2007, /n vitro anticlotting éclivity‘ofSri Lanka high grown black
tea (Camellia sinensis). S. L. J. Tea Sci. 72(1), 16-22.

Stagg GV and Millin I} J 1975 The nutritional and therapeutic value of tea. A review. J.
Sci.Food Agric. 26, 1451-1461.

Vitali F, Bomna F P, Saija A, Tomaino A, Fonte G, Pennisi C and Tita B 2005 Studies on
antidiarrhoeal activity of an extract of wine from Jucquez grapes in mice. Phytather. Res.
19, 924-927.

s

60


http://www.virtual.cleasmson.edu/groups/NIRC/pdf
http://Sci.FoodAgric.26



