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ABSTRACT

The effect of different types of Kenyan tea extracts on the survival rates and liver pathology in an animal model
of male Swiss albino mice infected with Trypanosoma brucei brucei isolate (KETRI 2710) was determined in
vivo. Tea had a significant (P<0.05) effect on the survival rate of mice. Additionally, in tea treated but infected
mice, there was a reduction in infiltration of inflammatory cells into the periportal and parenchymal regions as
well as hepatocyte cell damage compared to the infected untreated mice. Green and white teas were superior in
the said effects while black and colong teas had least effects. However, Kenyan teas were superior to Japanese
and Chinese teas. Tea was more efficacious than dexamethasone (on established anti-inflammatory drug in
prolonging the life of infected animals, thereby demonstrating its potential as a therapeutic agent. It was
concluded that tea can act as an adjunct therapeutic agent in management of diseases having hepatic
inflammation, including trypanosomiasis and also in prolonging life.

INTRODUCTION

Tea contains a wide variety of biologically active
compounds such as polyphenols, methylxanthines,
essential oils, proteins, vitamins and amino acids
[2,7,17]. The biological activity of tea is however
ascribed to the polyphenolic fraction, namely, tea
catechins  [5]. Tea  polyphenols include:
epigallocatechin gallate (EGCG), epicatechin (EC),
epigallocatechin (EGC) and epicatechin gallate
(ECG) in green tea while Theaflavins (TFs) and
Thearubigins (TRs) are mainly present in black tea.
Of these polyphenolic components of tea, EGCG is
the major constituent and is also the component with
the highest bioactivity in green tea [13]. Catechins
which belong to the flavan-3-ols family of
polyphenols have recently received considerable
attention because of their potential therapeutic
effects. Emerging scientific data from
pharmacological and physiological studies continuc
to show that tea has beneficial effects on human
health by boosting immunity [8,19,20].

Substantial attention is currently being focused on
the role of dietary and medicinal phytochemicals to
inhibit, reverse or retard diseases mainly due to their
radical scavenging properties. Chen et al. [6]
showed that green tea polyphenols reduced the
severity of liver injury in toxin-induced
hepatotoxicity mice using carbon tetrachloride.
However, since the study focused on the role of a
single catechin EGCG in preventing hepatic
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toxicity, it is important to point out that the overall
protective effect of tea may require a combined
action of several components in the beverage. Since
tea can be consumed over long periods of time
without any known side effects, its possible role as
an adjunct therapeutic agent in inflammatory liver
diseases deserves consideration.

In this study, different types of whole tea extracts
processed from green, black, oolong and white teas
from Kenyan tea cultivars were given ad libitum to
mice animal model infected with trypanosomes.
African trypanosomes are protozoan parasites that
cause sleeping sickness in humans and nagana in
domesticated cattle. These diseases have major
health and economical impact on sub-Saharan
Africa. The current trypanocidal drugs in use have a
high level of toxicity and the development of drug

resistant  parasites has been reported [9].
Trypanosomiasis is associated with severe
inflammatory reaction in most body systems

including the liver and a focus on the mechanisms
involved in the induction and/or prevention of
pathology might provide new innovative ways of
treatment. The main objective of this study was to
determine whether tea extracts could enhance
survival rates and subsequently reduce the effect on
liver injury.



MATERIALS AND METHODS

Animals

Male Swiss albino mice 6-8 weeks old and
weighing between 24-30 g were used. These were
housed in standard mice cages in a controlled
environment and provided with food ad Ilibitum.
(unrestricted) food (Mice Pellets) and water with or
without tea extracts. Animal care protocols and
procedures used in the current study were reviewed
and approved by the Trypanosomiasis Research
Centre institutional animal care and use committee.

Trypanosomes

Cryopreserved Trypanosoma brucei brucei isolate
(KETRI 2710) was obtained from Trypanosomiasis
Research Centre (TRC) trypanosome bank. The
parasite was propagated and maintained in clean
Swiss White mice a few days before the
commencement of the research.

Tea samples

A set of eight commercial Kenyan teas including
black, semi-oolong, green and white tea from
different tea factories in Kenya were analyzed for
polyphenolic composition as outlined in British
Standard ISO document [1]. Actual values were
determined from a standard curve generated using
gallic acid, and were expressed as per cent (%) by
mass of gallic acid (GAE) equivalent, expressed on
a dry matter basis.

Experimental design
A total of 105 Swiss white mice were randomly
divided into seven equal groups (n=15). Four groups
were treated with green tea, black tea, oolong tea
and white tea at 20g/L as described by
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Karori et al [11]. There were three control groups
consisting of mice treated with 0.1 ml of anti-
inflammatory drug (dexamethasone) equivalent to
0.2mg per mouse, water only (infected) and water
only (non-infected/placebo). Except for the placebo
group, animals in  other groups  were
intraperitoneally infected with 10* Trypanosoma
brucei brucei as previously described [9]. The
mortality in mice was monitored.

Mice were sacrificed every seven days for four
weeks, liver section collected and immediately
stored in 10% phosphate—buffered formalin. The
liver sections were trimmed, processed for
histology and stained with hematoxylin and eosin
dyes. Stained sections were observed under light
microscopy to determine the degree of inflammatory
cell infiltration and hepatic parenchymal damage.

Statistical analyses

Univariate survival analysis of data using Kaplan-
meir method was used to determine the effect of tea
on the survival rate of infected animals. The log-
rank test was used to examine the null hypothesis
that the survival curves were identical.

RESULTS

Effect of tea extracts on survival rate

Infected mice given tea extracts or dexamethasone
had significantly (P<0.05) longer survival rates
compared to the infected untreated group (Figure 1).
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Figure 1: Kaplan-Meir survival curves to compare survival rate in Trypanosoma brucei brucei mice treated
with tea and dexamethasone with the infected control mice given water only.
The survival rates are significantly (P<0.05) different from the control group.
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Infected untreated groups of mice died by 11 Days
Post Infection (DPI), whereas the last mice in the
infected tea-treated group, died on 22 DPIL The
survival rates were longer in infected mice treated
with green, white and black teas in descending order
and least in mice treated with oolong tea.

Effect of tea exiracts on liver pathology

Following infection of mice there was an infiltration
of lymphocytes mainly at the periportal regions of
the liver. However, as time progressed during the
infection period, the lymphocytes were replaced by
macrophages. In addition to the periportal
infiltration, later stages of the infection were
characterized by infiltration of cells into the liver

FIGURE 2B )

FIGURE 2A

parenchymal tissue. This was accompanied by
degeneration and necrosis of hepatocytes.
Comparison of the pathology between the liver of
mice infected and treated using various tea extracts
and infected untreated animals indicated a reduction
in the pathology of tea treated animals. The effect
was observed as a reduction in the cellular
infiltration both at the periportal region and in the
liver parenchyma. However, for green tea especially
at the early stages (7 DPI), there was a marked
increase in periportal inflammatory cell infiltration
despite the reduction in parenchymal infiltration
(Figure 2A) compared to the control group (Figure
2B). Inflammatory cell infiltration was intense in
mice treated with green tea than in black tea, and
least in those treated with white tea.
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Figure 2B & 2A: Representative liver sections showing histopathological profiles of mice infected using
Trypanosoma brucei brucei and given; (4) water only (top) mag x3000 and (B) green tea (bottom) mag x1875

as seen on 7 DPI.
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At 11 DPI, mice treated with tea extracts had a reduction of periportal and parenchymal inflammatory cell
infiltration compared to the control (Figure 3A and Figure 3B).

FIGURE 38 ﬂ {

Figure 3B & 3A: Representative liver sections showing histopathological profiles of mice infected using
Trypanosoma brucei brucei and given, (A) water only (top) and (B) white tea (bottom) mag x1875 as seen on

11 DPL.

In descending order, inflammatory cell infiltration
was low in white tea, green tea, oolong tea and high
in black tea. At 21 DPI, the same trend was
observed with the reduction in cellular infiltration
being marked in the liver of mice treated with white
tea followed by green, black, and oolong tea,
respectively. Figure 4 (A and B) shows a
comparison of liver sections from white tea and
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black tea-treated mice. Overally, mice treated with
green tea showed a reduced pathology throughout
the infection period whereas white tea showed
improved reduction in later stages of infection
namely day 11 and 21. Black tea performed well at
day 7 but showed reduced effect on day 11 and 21.
Oolong tea showed intermediate effect at mid
infection (11 DPI) but had little effect by day 21.



o gt o ™

.

-
FIGURE 4A : v Y
A s i1 oy
A" ‘r"‘. .o
A o Iy § [
’ F S T e v Ve i 10 i
. s x A« "‘ at ’
L NN o el
Pt 1 S0 g 7
!“ t_-\.. b .. : i, @ . I
A e =i ok . .
iy s .' ; Ca® p TR )
A3 A £ if.".‘ s R, ble -
~ A s 3
L) L
L") - §e '
At - A
- o 2 T N Tl !VKHQ.. ' 5;;‘ f *_' v-la
FIGURE 48 | 4 rdere s RN WS ; ‘q
’ 1 AR 7 o
gt 3
32 0e Thelod \’
S Ve 0 w40 "‘""A,,,
sy F et Wlw G
Y Al Vol o, 2 o ~
g™ 0TS u-.u,-_f.,‘,", %
\ L e iy i A
: "-C .". O Q"’, J
’-1*:; P “‘.v‘ o A
e D,
< w. < v -
35S :'-'gf!;,,s:f:.-‘!ﬂ:{y.
5 ~a YL
T I'é’-‘@,’ 'f- - lJ’,?':'-s‘ "'ﬁ ;'..‘ P
L3 A O : v IER BRI 0 53T

Figure 4A & 4B: Representative liver sections showing histopathological profiles of mice infected using
Trypanosoma brucei brucei and given (A) white tea (top) and (B) black tea (bottom) mag x1875 as seen on 21

DPI.
DISCUSSION
Mice treated with tea significantly (P<0.05)

prolonged the survival of the infected animal better
than the anti-inflammatory drug, dexamethasone
which is used as an adjunct in the treatment of
sleeping  sickness. = The  pathogenesis  of
trypanosomosis  is  associated  with  severe
inflammation and production of radicals such as
nitric oxide which affects the survival of the host.
This production of nitric oxide is a disease-
exacerbating factor and in murine trypanosomiasis,
it causes damage to lymphocyte function of the host
[12,14,18]. The prolongation of survival period in
the mice treated with tea could be due to the ability
of tea flavonoids to counter the trypanosomosis
induced inflammatory reaction and aiding
antioxidant defense system [6, 18]. Results from this
study corroborate those of an earlier study on acute
phase response [4] suggesting that tea extracts are
promising as an auxiliary anti-inflammatory adjunct
in the management of chronic inflammatory
diseases. However, despite the observed effect on
the survival rate, there is a scarcity of information
on the mechanism involved through which tea is
thought to prolong life.

Specific organ damage during trypanosomiasis is
one of the major contributing factors to the disease
pathogenesis and is characterized by a progressive
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inflammatory reaction in target tissues including the
liver [15,16]. In this study, Kenyan tea reduced the
severity of liver damage as observed in the minimal
degree of cellular infiltration into the periportal and
parenchymal regions and ultimately in reduction of
hepatic cell damage. The reduction in infiltration in
tea treated mice is an indication that tea could have
modulated the inflammatory response during the
experimentally induced trypanosomiasis. Elsewhere,
tea polyphenols have been shown to prevent toxin-
induced hepatotoxicity in mice [6] though the
mechanism underlying this protective effect on liver
damage is unknown. Some studies have shown that
hepatocellular inflammation in trypanosomiasis is
caused by oxidative stress, production of pro-
inflammatory cytokines (e.g. TNF and NO) and
activation of M1 monocytic cells [3]. It is possible
that tea, being a potent radical scavenger and anti-
inflammatory, could have limited pathogenicity by
reducing the recruitment and activation of
inflammatory monocytic cells. Indeed, white and
green teas, which have high levels of catechins and
performed better than black tea in reducing liver
damage [10,11]. Since tea can be consumed over
long periods of time without any obviously known
side effects, its possible role as adjunct therapeutic
agent in treatment of hepatic inflammatory disease
deserves consideration.



ACKNOWLEDGMENTS

We thank the Division of Research and Extension of
Egerton University for funding. We also thank the
staff of pathology department in Trypanosomiasis
Research Centre (TRC) for tissue preparation and
the Tea Research Foundation of Kenya (TRFK) for
providing tea samples.

REFERENCES

(1]

(2]

4]

(6]

(8]

(91

Anonymous,  (2005).  Determination  of
substances characteristic of green and black tea-
Part 1: Content of total polyphenols in tea-
Colorimetric method using Folin-Ciocalteu
reagent. ISO 14502-1:2005.

Bastos, D.M.; Ishimoto, E.Y.; Marcia, UM,;
Ferri, A.F.; Torres, E.A. (2006). Essential oil
and antioxidant activity of green mate tea (/lex
paraguariensis) infusions. Journal of Food
Composition and Analysis 19, 538-543.
Bosschaerts, T.; Guilliams, M.; Stijlemans, B.;
De Baetselier, P.; Beschin, A. (2009).
Understanding the role of monocytic cells in
liver inflammation using parasite infection as a
model. Immunobiology 214, 737-47.

Bukowoski, I.F. (2004). Drinking tea enhances
innate  immunity. In:  Proceedings of
International Conference of Tea Culture and
Science. Shizuoka Japan. Pg 372 -373.

Cabrera, C.; Gimenez, R.; Lopez, C.M. (2003).
Determination of tea components with
antioxidant activity. Journal of Agriculture and
Food Chemistry 51, 4427-4435.

Chen, J.; Tipoe, G.L.; Liong, E.C;; So, H.S,,
Leung, KM.; Wai, TM.; Fung, P.C.; Nanji,
A.A. (2004). Green tea prevents toxin-induced
hepatotoxicity in mice by down-regulating
inducible nitric oxide -derived prooxidants.
American Journal of Clinical Nutrition 80, 742-
751.

Gallaher, R.N.; Gallaher, K.; Marshall, A.J;
Marshall, A.C. (2006). Mineral analysis of ten
types of commercially available tea. Journal of
Food Composition and Analysis 19, 53-57.

Hu, Z.Q.; Zhao, W.H.; Shimamura, T. (2004).
Different susceptibilities of Staphylococcus and
gram negative rods to EGCG. In: Proceedings of
International Conference of Tea Culture and
Science. Shizuoka Japan. Pg 578 -581.

Kagira, J; Maina, N. (2007). Occurrence of
multiple drug resistance in Trypanosoma brucei
rhodisiense isolated from sleeping sickness
patients. Journal of Veterinary Research 74, 17-
22.

74

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

Karori, S.M.; Wachira, F.N.; Wanyoko, J;
Ngure, RM. (2007). Antioxidant capacity of
different types of tea products. African Journal
of Biotechnology 6,2287-2296.

Karori, S.M.; Ngure, RM.; Wachira, F.N,;
Wanyoko, J.K.; Mwangi, JN. (2008). Different
types of tea products attenuate inflammation
induced in Trypanosoma brucei brucei infected
mice. Parasitology International 57,325-333.
Loma, L.; Odiit, M.; Sternberg, JM. (2001).
Nitric oxide and cytokine synthesis in human
African trypanosomosis. Journal of Infectious
Diseases 184, 1086-1090.

Lu, H.; Meng, X.; Li, C.; Sang, S.; Patten, C;
Sheng, S.; Hung, J.; Bai, N.; Winnik, B.; Ho,
T.C; Yang, C.S. (2003). Glucoronides of tea
catechins: Enzymology of biosynthesis and
biological activities. Drug Metabolism 31, 452-
461.

Millar, A.E.; Sternberg, I.; McSharry, C.; Wei,
X.Q.; Liew, F.Y.; Tumer, M.R. (1999). T-cell
responses during Trypanosoma brucei infections
in mice deficient in inducible nitric oxide
synthase. American Journal of Microbioology
67,3334-3338.

Miiller, U.; K&hler, G.; Mossmann, H.; Schaub,
G.A.; Alber, I.P.; Brombacher, F.S.; Holscher,
C. (2001). IL-12-independent IFN-  production
by T cells in experimental chagas’ disease is
mediated by IL-18. Journal of Immunology 167,
3346-3353.

Murray, M.; Murray, P.K.; Jemnings, E-W;

Fischer, E.W. (1974). The pathology of
Trypanosoma brucei infection in the rat.
Veterinary Science 16,77-84.

Peterson, J.; Druyer, J.; Bhagruat, S;

Haytoroitz, D.J.; Holden, A.; Eldridge, L,
Beecher, G.;  Aladesamni, J. (2005). Major
flavonoids in dry tea. Jowrnal of Food
Composition and Analysis 18, 487-501.

Tedeshi, E.; Menegazzi, M.; Yao, Y.; Suzuki,
H.; Ulrich, F.; Kleinert, H. (2004). Green tea
inhibits human inducible nitric oxide synthase
expression by down-regulating signal transducer
and activator of transcription -la activation.
Molecular Pharmacology 65, 111-120.

Vancssa, C.; Williamson, G. (2004). A review
of the health effects of green tea catechins in in-
vivo animal models. Journal of Nutrition 134,
3431-3440.

Yamamoto, M.M.; Inagaki, N.; Kitaura, J;
Chikumoto, T.; Kawahara, H.; Kawakami, Y .;
Kawakami, T.; Nagai, H. (2004). O-methylated
catechins from tea leaves inhibit multiple
protein kinases in mast cells. Journal of
Immunology 172, 4486-4492.





