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Abstract: The effects of regular intake of green tea on nutrient absorption, serum albumin and organ sizes were evaluated on
alloxan-induced diabetic rats.. The rats were grouped into five treatment groups: NC (non-diabetic group fed with rat feed and
water only), DC (diabetic group fed with rat feed and water only), CON1 (diabetic group fed with rat feed and 1g/100ml of
brewed tea only), CON2 (diabetic group fed with rat feed and 2g/100ml of brewed tea only) and CON3 (diabetic group fed
with rat feed and 3g/100ml of brewed tea only). Feed, water and tea were provided ad libitum for the respective groups for a
period of 21days. At the end of the treatment period, the apparent protein, calcium, iron and magnesium absorption of the
groups were determined. The serum albumin as well as visual examination and measurement of organ sizes were also
evaluated. The results showed that the diabetic groups CON1, CON2 and CON3 that took different concentrations of the green
tea, did not show any significant change (P<0.05) in protein, iron and calcium absorption but had significant reduction (P<0.05)
in magnesium absorption and serum albumin level when compared with the diabetic group DC that did not take the tea. There
were also no significant change (P<0.05) between the organ sizes of the groups (CON1, CON2 and CON3) and that of group

DC.
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1. Introduction

Tea is the dried leaves of Camellia sinensis specie of the
Theaceae family. It is one of the most popular beverages
consumed worldwide with an annual production of three
billion kilograms, of which 78% 1is black tea usually
consumed by Western countries, 20% is green tea commonly
consumed by Asian countries and 2% is Oolong tea
consumed mainly by Chinese [1]. The health benefits of this
ancient beverage regardless of the type have been
documented [2,3,4] However among all the tea types, the
most significant health effects on humans have been
observed with the consumption of green tea [5,6].

Green tea has been considered to be anti-inflammatory,
antiarthritic, antioxidative, antimutagenic, anticarcinogenic,
neuroprotective and can also prevent cardiac disorders
because of its cholesterol-lowering effects [7, 8, 9, 10].
Epidermological studies have suggested that green tea
consumption can prevent type 2 diabetes as well as lower
blood glucose level. The ameliorative action of this tea on

insulin resistance and blood glucose reduction, was
associated with increased expression level of glucose
transporter iv; enhanced basal and insulin-stimulated uptake
of adipocytes and inhibition of intestinal glucose uptake by
inhibition of the sodium-dependent glucose transporter of the
intestinal epithelial cells [11,12]. Many diabetic and pre-
diabetic people as well as people genetically predisposed to
diabetes now consume much quantities of green tea on the
bid to control their blood glucose.

However, despite, all the aforementioned health benefits
associated with tea drinking especially the green tea due to
its high polyphenol content [13], high intake of green tea has
been associated with some adverse effects such as acute
cytotoxicity of the liver cells [14,15] and oxidation of DNA
of hamster pancreas and liver [16]. Thus high intake of green
tea may be detrimental to diabetic patients who use it in
controlling hyperglycemia. In addition, a lot of controversies
do exist on the mode of tea intake; ‘tea drinking with meal or
without meal”, owing to the polyphenols (catechin,
epicatechin, epigallocatechin and gallates), tannins and
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caffeine contained in the tea which have also been shown to
interfere with nutrient absorption, although the interference is
termed to be complex and sometimes controversial or poorly
understood [17, 18, 19]. On the bid to minimize or mitigate
the supposed interference of tea components on nutrient
absorption, especially the trace elements [20], many tea
drinkers prefer drinking tea in-between meals instead of
during meals. This also is not left without side effects such as
nervousness, stomach upset and head ache etc. Hence, there
is need to provide more evidence on the interference of tea
components on nutrient absorption as well as investigate
more on the toxicity of green tea at high intakes.

Thus the aim of this work is to investigate under diabetic
condition, the effect of different concentrations of green tea
on nutrient absorption, serum albumin and organ sizes.

2. Materials and Methods
2.1. Sample Material

The green tea sample used in this work was commercially
produced and was bought from a supermarket in Owerri,
Nigeria

2.2. Qualitative Phytochemical Analysis

Phytochemical screening of the green tea sample was
carried out using standard procedures as described by [21, 22,
23].

2.3. Animal Studies

A total of 70 mature, male albino rats (Rattus norvegicus)
of Wistar strain were sourced from Faculty of Veterinary
Medicine, University of Nigeria, Nsukka, Nigeria. Upon
arrival, the animals were allowed to acclimatize for 7days
while been maintained on regular commercial rat feed (Vital
feeds, growers; produced by UAC, Nigeria) and tap water.
Tap water and feed were provided ad libitum throughout the
period.

2.3.1. Experimental Design

A modified method of Eliakim [24] was adopted. After
7days of acclimatization, the rats were fasted overnight.
Diabetes was induced in 63 rats using a single dose of
alloxan monohydrate (125mg/kgbwt) which was given
intraperitoneally. The remaining 7 rats received saline (0.9%
w/v NaCl) injection which was also given intraperitoneally
( non-diabetic group ). Three (3) days after injection of
alloxan, the fasting blood glucose concentrations of the rats
were taken, (blood glucose at confirmation of diabetes) and
only rats with blood glucose above 250mg/dl were selected
as diabetic rats used in this study. The fasting blood glucose
of the non-diabetic group was also measured. The rats were
grouped into five treatment groups: NC (non-diabetic group
fed with rat feed and water only), DC (diabetic group fed
with rat feed and water only), CON1 (diabetic group fed with
rat feed and 1g/100ml of brewed tea only), CON2 (diabetic
group fed with rat feed and 2g/100ml of brewed tea only)

and CON3 (diabetic group fed with rat feed and 3g/100ml of
brewed tea only). The tea was brewed in boiling water for
two minutes after which it was allowed to cool to room
temperature and then served. Feed, water and the tea were
provided ad libitum for the respective groups for a period of
21days.The average fasting blood glucose concentrations of
the treatment groups were measured every week from the day
of confirmation of diabetes (day 0) to the final day of
administration of the tea ( day 21). The results of the
treatment groups CON1, CON2 and CON3 were compared
with those of the diabetic group DC and non-diabetic group
NC that took tap water in place of the tea

At the end of the treatment period, the animals were fasted
overnight, immobilized, their jugular veins severed and their
blood samples collected for analysis of nutrient absorption
and serum albumin concentration. The peritoneum of the
animals were also stripped open and the organs (liver and
Kidney) harvested for visual examination and organ
measurements.

2.3.2. Determination of Nutrient Absorption

This was evaluated by determining the apparent absorption
of protein, iron, calcium and magnesium in the serum of the
treatment groups at the end of the treatment period; as
described by Teco Diagnostics Reagent Set (Anaheim, USA).

2.3.3. Determination of Serum Albumin
This was carried out as described by Friedman and Young
[25].

2.3.4. Determination of Inflammation

This was carried out by visual examination and
measurement of the dimensions (length, breath, thickness) of
the organs (liver and kidney) of the different treatment
groups using a Venier caliper and micrometer screw gauge.
The observable features and the organ sizes obtained from
the groups that took the tea (CON1, CON2, CO3) were
compared with those of the groups that did not take the tea
(NC, DC) to determine variations which served as index of
inflammation and toxicity.

3. Results and Discussions
3.1. Phytochemical Result

The result of the phytochemical screening of the green tea
sample revealed the presence of alkaloids, tannins, saponins,
flavonoids, phytosterols, and cardiac glucosides which are
known anti-nutritional factors that reduce nutrient intake,
digestion, absorption and utilization as well as produce other
adverse effects in biological systems [26, 27, 28].

3.2. Results of Nutrient Absorption

Literature has shown that increased absorption of nutrients
under diabetic condition is caused by enhanced maximal rate
of carrier-mediated transport or by alterations in the passive
permeability properties of intestinal brush border membrane
[29, 30].
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Thus the nutrient absorption effects of the green tea sample
under diabetic condition, was determined by comparing the
mean serum nutrient concentrations of the diabetic groups;
(CON1, CON2, CON3) that took different concentrations of
the tea sample, with that of the diabetic group DC that did
not take the tea. The mean serum iron and protein
concentrations for the treatment groups (NC, DC, CONI,
CON2, and CON3) are shown in Fig 1. Diabetic group
CON1 which took 1g/100ml of the green tea had a
significant reduction (P < 0.05) in mean serum protein
concentration when compared with that of the diabetic group
DC that did not take the green tea; indicating inhibition of

protein absorption. However, the diabetic groups CON2 and
CON3 which took 2g/100ml and 3g/100ml of the green tea
respectively showed increase in their mean serum protein
concentrations but were not statistically different (P>0.05)
from the mean value of the diabetic group DC. Also the
diabetic groups that took different concentrations of the
green tea (CON1, CON2 and CON3) had slight decrease in
their mean serum iron concentrations but were not
significantly different (P>0.05) from that of the diabetic
group DC that did not take the green tea. This shows that the
green tea did not have much effect on the iron absorption,
supporting the findings of Zeyuan [20].
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Fig. 1. Effect of different concentrations of green tea on mean serum iron/protein of the treatment groups at the end of the treatment period.

NC (non-diabetic group that took tap water and commercial rat feed),

DC (diabetic group that took tap water and commercial rat feed),

CONI1 (diabetic group that took 1g/100ml of tea and commercial rat feed),
CON2 (diabetic group that took 2g/100ml of tea and commercial rat feed),
CONS3 (diabetic group that took 3g/100ml of tea and commercial rat feed),
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Fig. 2. Effect of different concentrations of green tea on mean serum calcium/magnesium of the treatment groups at the end of the treatment period.

NC (non-diabetic group that took tap water and commercial rat feed),

DC (diabetic group that took tap water and commercial rat feed),

CONI1 (diabetic group that took 1g/100ml of tea and commercial rat feed),
CON2 (diabetic group that took 2g/100ml of tea and commercial rat feed),
CONS3 (diabetic group that took 3g/100ml of tea and commercial rat feed),
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Figure 2 shows the results of the mean serum calcium and
magnesium concentrations of the treatment groups that took
different concentrations of the green tea. The diabetic groups
CONI1, CON2 and CON3 that took different concentrations
of the green tea showed slight increase in their mean serum
calcium concentrations when compared with the diabetic
group DC that did not take the green tea. However, there was
no significant difference (P > 0.05) between the mean serum
calcium values of the diabetic groups (CON1, CON2 and
CON3) that took different concentration of the green tea and
that of the diabetic group DC that did not take the green tea.
This also agrees with the findings of Zeyuan [20] who
showed that green tea did not cause significant changes in
calcium and iron content of tibia. However, Craig [31] has
shown that green tea can build bone strength, thus could be
the reason for the slight increase in mean serum calcium
concentrations of the diabetic groups CON1, CON2 and
CON3 that took different concentrations of the green tea.
However, the diabetic groups CON1, CON2 and CON3 that
took different concentrations of the green tea showed
reduction in their mean serum magnesium concentrations

when compared with the diabetic group DC. However, the
diabetic groups CON1 and CON2 that took 1g/100ml and
2g/100ml of the green tea respectively showed significant
reduction in their mean serum magnesium concentrations
(P<0.05) to that of the diabetic group DC that did not take
the green tea.

3.3. Result of Serum Albumin

Serum albumin levels have been associated with
development of toxicity [32, 33]. Hyperalbuminemia is of
little signifigance to health except in cases of dehydration
while hypoalbuminemia is found to be caused by several
factors such as reduced synthesis caused by liver diseases,
increased catabolism as a result of inflammation or tissue
damage, altered distribution between intravascular and
extravascular space due to increased capillary permeability,
abnormal losses caused by renal diseases (nephrotic
syndrome, diabetes mellitus) [25]. Thus hypoalbuminemia is
used clinically as one of the indicators of toxicity.
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Fig. 3. Effect of different concentrations of green tea on mean serum albumin concentrations of the treatment groups at the end of the treatment period.

NC (non-diabetic group that took tap water and commercial rat feed),

DC (diabetic group that took tap water and commercial rat feed),

CONI1 (diabetic group that took 1g/100ml of tea and commercial rat feed),
CON?2 (diabetic group that took 2g/100ml of tea and commercial rat feed),
CONS3 (diabetic group that took 3g/100ml of tea and commercial rat feed),

In this work therefore, in all the concentrations of tea
intake studied, CON1, CON2 and CON3 (Fig.3), green tea
caused significant reduction (P<0.05) in mean serum albumin
concentration when compared with that of the diabetic group
DC that did not take the tea, indicating some level of toxicity
which could be attributed to two factors; the green tea they

took or denial of water in these groups that took the green tea.

3.4. Result of Inflammation

Observable features in the organs of the treatment groups
(CONI1, CON2 and CON3) that took the green tea sample
were, adhesion of the livers and the kidneys to the peritoneal
wall, fusion of some liver lobes with the kidney, reduction in

the number of the liver lobes and swelling of the livers and
the kidneys. These features were also common in the diabetic
group DC that did not take the green tea. The non-diabetic
group NC did not manifest any of these changes.

The mean liver lengths and thicknesses of the treatment
groups are shown in Table 1. The mean liver length and
thickness of the non-diabetic group NC (3.95cm; 0.38cm)
were significantly different (P < 0.05) from that (3.15cm;
0.87cm) of the diabetic group DC, indicating deformation of
the livers of the diabetic group DC which could be caused by
the metabolic disease; diabetes mellitus. In all the
concentrations of tea intake considered, CONI1 showed
significant change in liver length and thickness when
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compared with the diabetic group DC while CON2 and
CON3 did not. However, the significant increase in liver
length showed by CON1 group could be what resulted to the
significant decrease in liver thickness observed in the same

group. There were no significant difference between the
kidney lengths and thicknesses of the diabetic group DC and
those of the groups (CONI1, CON2, CON3) that took
different concentrations of the tea.

Table 1. Mean organ lengths and thicknesses (cm) of the treatment groups that took different concentrations of the green tea samples by the end of the

treatment period.
Organs NC DC CON CON2 CON3 LSD
Liver length 3.95+0.15 3.15+0.30 3.60+0.17 3.07+0.18 3.21£0.02 0.34
Liver thickness 0.38+0.01 0.87+0.43 0.35+0.04 1.00+0.01 0.62+0.23 0.41
Kidney length 1.67+0.22 1.62+0.12 1.66+0.04 1.62+0.02 1.64+0.05 0.21
Kidney thickness 0.63+0.04 0.75+0.09 0.76+0.01 0.86+0.07 0.74+0.05 0.11

LSD: Least Significant Difference

NC (non-diabetic group that took tap water and commercial rat feed),

DC (diabetic group that took tap water and commercial rat feed),

CONI1 (diabetic group that took 1g/100ml of tea and commercial rat feed),
CON?2 (diabetic group that took 2g/100ml of tea and commercial rat feed),
CONS3 (diabetic group that took 3g/100ml of tea and commercial rat feed),

4. Conclusion

In general, under diabetic condition, green tea caused
significant reduction in magnesium absorption but had little
or no effect on protein, calcium and iron absorption. It also
caused reduction in serum albumin concentration but no
pronounced effect on organ sizes.
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