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Abstract

Background and Objective: Demand for plant preparations is on the rise urging the need to investigate their potential for toxicity. The
aim of this study was to evaluate the effect of oral supplementation of bitter melon (BMLT) and blueberry leaf teas (BLUT) on redox and
drug metabolizing enzymes: Glutathione (GSH) levels, Glutathione-S-Transferase (GST), superoxide dismutase (SOD), catalase (CAT)
activities were determined. Methodology: Rats (n = 5) were administered once daily by gavages 0, 1000, 2000 and 4000 mg kg~ b.wt.,
of BMLT, BLUT for 28 days. Day 29, rats were killed by CO, asphyxiation and tissue and blood samples were collected for analysis.
Results: Results also showed GST, CAT and SOD (umol mg~! protein) activities in experimental groups ranged from 0.89-2.14, 0.93-1.38
and 0.35-0.55, respectively. There were no significant differences in GSH (umol/mg protein) levels between the control and treatment
groups. Conclusion: Results indicated BMLT and BLUT prevented oxidative stress by improving the activity of antioxidant enzymes.
Results also showed no apparent toxicity in rats administered LHT.
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INTRODUCTION

With a growing list of side effects ascribed to prescription
drugs, the use of herbal medicine and supplements is steadily
increasing. Approximately, one third to half of medicines
available on the market is derived from plant or natural
sources (Dasgupta, 2010). According to Schoepfer et al.
(2007), over 60% of patients in the US reported the use of
dietary supplements and approximately 80% of the world'’s
population depends on traditional herbal medicines for their
primary health care (WHO., 2008). In the US alone, the market
for herbal medicines increased from $200 million to $3.3
billion from 1988 to 1997 (Mahady, 2001) and in a study
conducted by Barnes (2002), 18.9% of participants used
natural products.

Blueberry and bitter melon leaf teas are gaining
popularity as Leafy Herbal Teas (LHT). According to Zhao et a/.
(2013), herbal teaisa commonly consumed beverage brewed
from the leaves, flowers, seeds, fruits, stems or roots of plant
species other than Camellia sinensis L. The reasons for LHT
use may vary with the different cultures of each individual
society. However, it can basically be considered as being either
for the maintenance of health, treatment or prevention of
minor ailments (Deng, 2002; Barnes, 2003; Critchley et a/,
2005)and also for chronic illnesses (Sydara et a/, 2005;
Chang eral, 2007; Mehta et al, 2007). The LHT are purported
to have several therapeutic properties, which include, blood
purifying properties, purgative, laxative and stimulant,as well
as an aphrodisiac.

Accounting for these potential benefits is a diverse
array of compounds with numerous biological properties,
such as antioxidant, anti-inflammatory, anti-carcinogenic,
anti-atherogenic, anti-aging, cardioprotective,
chemopreventive, hepatoprotective and neuroprotective
activities (Zhao et al, 2013). Study suggests these health
benefits are attributed in large part to the presence of
phytochemicals (Kubola and Siriamornpun, 2008). Even so,
these compounds when taken in large amounts may have
adverse effects on health (Bun et a/, 2006; Cupp, 1999;
Ridker, 1987). Furthermore, with their wide usage and easy
availability, the safety and toxicity of LHTs has become an
issue of concern.

Reports of adverse reactions (i.e., allergic reactions) and
potential interactions with pharmaceuticals or prescriptions
drugs have resulted in both acute and chronic intoxications.
While the public and some health care professionals believe
that LHT are rather safe because they are “Natural”, there are
little data to support this assumption (Issa et a/, 2006).
Therefore, more study needs to focus on the possible toxic

effects of these substances in the interest of public health.
While, the toxicity of many herbal remedies remains unknown,
understanding them beyond their benefits is also needed,
as well as their possible adverse effects. From a scientific view
point, this is crucial when considering the fact that this
niche market is left largely unregulated (Dipaola et a/, 1998;
Halsted, 2003).

Despite the documented health benefits of blueberries
and bitter melon fruits, little attempt if any has been made to
investigate the potential health properties ascribed to their
herbal leaf infusions; further, very little information exists
with regard to their potential harmful effects, especially
when consumed in large quantities. The current study was
undertaken due to limited information on the safety and effect
on endogenous antioxidant enzymes of LHT, particularly
blueberry and bitter melon leaf teas. Thus, the objectives
were to determine the hepatoprotective effect of oral
supplementation of blueberry leaf and bitter melon leaf
teas on the modifications of endogenous antioxidant liver
enzymes in a rodent model.

MATERIALS AND METHODS

Acquisition of teas and other materials: Blueberry leaf teas
were purchased from Monterey Bay Spice Company
(Watsonville, CA). Bitter melon leaf tea was prepared from
bitter melon leaves obtained from the Winfred Thomas
Agricultural Research Station (WTARS), Alabama Agricultural
and Mechanical Agricultural (AAMU) Station in Hazel Green,
AL. Dietary ingredients for preparing AIN 93G were obtained
from ICN (Costa Mesa, CA). The diets were mixed every week
and stored at 4°C until fed to experimental animals. All
chemicals used were of analytical grade and were obtained
from Sigma-Aldrich (St. Louis, MO) and Fisher Scientific
(Suwanee, GA).

Preparation of tea decoctions: To prepare aqueous extracts
of herbal leaf teas, 50 g of whole leaves were boiled with
250 mL of distilled water under reflux for 30 min. The tea
leaves were extracted a second time with 250 mL of distilled
water. The decoctions were combined, cooled to room
temperature and then filtered. The decoctions were stored at
-20°C until use (tea decoctions were also used for TPC, TFC
and FRAP analysis). Rats were administered doses of 1000,
2000 and 4000 mg kg~ b.wt., of herbal tea extracts. Extracts
were diluted in distilled water and administered by gavages
(using a 22G intubation needle) at a rate of 0.1 mL/10 g body
weight of herbal tea once daily for 28 days. In order to provide
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the correct mg/kg/daily dose, the doses were modified
continually according to recently recorded weight.

Animal housing and diets: An /n vivo model of sub-acute
toxicity study was utilized for the assessment of sub-acute
toxicity. A total of 35 fisher 344 male rats (Harlan, IN) at
4 weeks of age were housed in an environmentally controlled
animal care facility for the duration of the study. At 7 weeks,
rodents were randomly assigned to groups each consisting of
5 rats. All deviations in general behavior associated with the
administration of test compounds were observed for the onset
of any immediate toxic signs and also during the observation
period to record any delayed acute effects. Treatments were
given daily for 28 days consecutively, LHT were administered
between 10 AM and 12 noon each day. At the end of the
testing period (day 29), all rats were fasted for 16-18 h and a
single collection of blood was taken followed by immediate
euthanasia by carbon dioxide asphyxiation. Vital organs of
each rat were excised, blotted and weighed and the
organ/body weight ratios calculated. Rodents had ad /ibidum
access to food (AIN-93G) (Reeves et a/, 19933, b) and water.
The animals were handled and the study was conducted in
accordance with the AAMU guidelines for the protection and
care of animals. Institute of Animal Care and Use Committee
(IACUC) committee at AAMU approved protocol for the study.

Clinical parameters: Attention was paid daily to sensitivity of
parameters such as survival, dramatic weight changes and
changes in organ/tissues and feed consumption. Weekly
feed and water consumption were recorded over the study
duration. Signs including changes in skin, fur, eyes and
mucous membranes, presence of secretions and excretions,
response to handling and presence of clonic or tonic
movements were noted.

Preparation of liverfor analytical measurements: One gram
of liver was homogenized in 10 mL of tris hydrochloric acid
mixture. Following homogenization, liver homogenate was
centrifuged for 20 min at 5,000xg. Supernatant was decanted
into test tubes. Following decantation, the precipitant
was washed with an additional volume (10 mL) of tris
hydrochloric acid and centrifuged for 20 min at 10,000xg.The
supernatant was collected and used for analysis.

Redox enzymes and phase Il metabolizing enzyme
determinations: Catalase (CAT) activity was measured by the
reaction of formaldehyde produced from methanol with
purpald to produce a chromophore according to the method

of Johansson and Borg (1988). Quantitation was carried out by
measuring the absorbance at 540 nm and comparing the
results with those obtained with formaldehyde calibratorsand
expressed as umol mg~' protein. Glutathione (GSH) from cell
(umol mg~" protein) was determined according to Griffith
(1980). For superoxide dismutase (SOD) determination the
method outlined by Fernandez-Urrusuno et a/. (1997) was
employed. Xanthine oxidase was utilized to generate a
superoxide flux and samples will be measured at 440-505 nm
afteraddition of xanthine oxidase. Data was expressed as units
of SOD activity per mg protein. For glutathione-S-transferase
(GST) activities, the method of Habig et a/ (1974) was modified
for the microplate reader. The 1-chloro-2, 4-dinitrobenzene
was used as the substrate and GST calculated as pmol mg™
protein. Samples were analyzed in triplicates.

Determination of total phenolics and flavonoids contentsin
herbal tea extracts: Total phenolic content in blueberry leaf
and bitter melon leaf tea (prepared as previously described)
was determined based on the Folin-Ciocalteau (FC) method
(Singleton et al, 1999) and modified for the microplate
(Gajula et al, 2009). Briefly, in 96-well plate, 12.5 pL of sample
was combined with 50 uL of distilled water and 12.5 uL of FC
reagent. Samples were incubated for 5 min at room
temperature and 125 pL of 7% Na,CO; was added. Reaction
mixture was incubated for 90 min at ambient temperature;
after which the absorbance was read at 750 nm in a micro
plate reader (Synergy HT, BioTek instruments, USA). Results
were compared to gallic acid standard and expressed as
milligram gallic acid equivalents/100 mL of herbal leaf tea.

Total flavonoids in tea extracts were determined based
on aluminum chloride colorimetric method described by
Zhishen et a/ (1999) with modifications, Gajula et a/. (2009).
Briefly, in a 96-well plate 25 pL of sample was combined with
125 pL of distilled water and 7.5 pyL of NaNo,. After an
incubation period of 5 min at room temperature, 15 uL of 10%
AlICl; was added. The reaction mixture was incubated for
additional 5 min at room temperature. After the incubation
period, 50 pL of T M NaOH and the mixture was immediately
diluted by the addition of 27.5 pL. Absorbance of the mixture
was measured at 510 nm against a blank and results were
compared to a catechin standard and expressed as milligram
of catechin equivalents/100 mL of herbal leaf tea.

Determination of FerricReducing Antioxidant Power (FRAP)
of herbal tea extracts: The FRAP assay for blueberry leaf and
bitter melon leaf teas was determined by the method
described by Benzie and Strain (1999) and modified for the
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micro plate. Briefly, FRAP solutions A (acetic acid buffer), B
(TPZ) and C (ferric chloride solution) were mixed at a 10:1:1
ratio to form the FRAP reagent. In 96-well plate, 10 uL of
sample were combined with 300 yL of H,0 and 30 uL of FRAP
reagent. The mixture was subsequently incubated for 10 min
at 37°C. Following incubation, the samples were analyzed at
an absorbance of 593 nm. The change in absorbance was
compared to a to a standard ferrous sulphate (FeSO,.7H,0)
(0.1-1.0 mM). The samples were analyzed in triplicates and
the concentration of Fe** was expressed as micromole of
Fe2t/100 mL of herbal leaf tea.

Statistical analysis: Experiments were analyzed in triplicates.
Data were analyzed using the SAS statistical (SAS 9.2) program
(SAS.,2013).Results were performed by ANOVA and values are
given as Means+SEM. Means were separated using Tukey's
studentized range test. Differences between treatment groups
were tested by student’s t-test and paired t-test. Unless
otherwise indicated levels of significance were considered
significant at p<0.05.

RESULTS

Clinical observations: During the treatment period, no
adverse signs of toxicity were observed. All animals appeared
healthy, as there was no hair loss or changes in skin, fur, eyes
and mucous membranes. There were also no occurrence of
secretions and excretions. Animals were periodically (daily)
observed forautonomic activity and gaitand no changes were
observed. Animals responded calmly to handling and no
clonic or tonic movements and behavior were noted.

Effect of Herbal Leafy Teas (LHT) on weight gain, feed in
take and relative organ weights: Body weight gain as a
function of dose is shown in Table 1. All the groups showed
weight gains compared with theirinitial weight. Weight gains
were significantly (p<0.05) lower inthe BLUT treated group
compared to BMLT group and the CON. Among the treated

groups, rats administered BMLT had the highest (p<0.05)
weight gains. In the BMLT group weight gain were decreased
by 24-40% compared to CON and for rats given BLUT weight
gain were decreased by 64-72%. In their study, Raza et al.
(2000), explained that changes in body weight could indicate
adverse effects when the animal shows a loss greater than
10% of initial weight. None of the groups in this study showed
weight loss greater that 10%. In fact, all rats in experimental
groups gained weight (Table 1). Corrected daily feed intakes
were also recorded and are shown in Table 1. Feed intake in
CON was significantly (p<0.05) lower (15.52%+0.11) compared
to the treated groups. There was however, no significant
difference in feed intake among the rats administered leafy
herbal teas.

The most frequent measure used to interpret the effects
of dietary components on organ weights in toxicological
experiments, is the ratio of the organ weight to the animal’s
body weight, i.e, relative organ weights. Herbal leafy tea
(BLUT and BMLT) administration did not have any adverse
effect on the final weights (g) and the Relative Weights (RWs)
of organs (g) in the rats (Table 2). The RWs of organs of the
treatment groups were similar (p<0.05) to the control, except
for RW of liver, which was decreased (p<0.05) for the
BMLT-4 group. The RW for the lung was increased (p<0.05) in
the group administered BMLT-1 and decreased in the group
administered BLUT-2 when compared to the control.

Effect of herbal leafy teas on the modulation of phase Il
detoxification enzyme (glutathione-S-transferase (GST) and
redox enzymes such as glutathione (GSH), catalase (CAT),
superoxide dismutase (SOD)

Glutathione-S-transferase (GST) activity: Glutathione-S-
transferase (GST) activity can be used as an indicator of toxicity
of dietary compounds. In this study, the effects of the
administration of different concentrations of leafy herbal teas
on GST activity are shown in Fig. 1a. Results showed that there
were no significant differences in GST (umol mg~' protein)
activity between the treated groups and CON, with the

Table 1: Daily feed intakes and weight gain in rats administered herbal leafy teas (blueberry leaf (BLUT) and bitter melon leaf (BMLT))

Feed intake (g day~") Initial weight (g) Final weight Weight gain (g) Weight gain (%)

Treatments (9/28days)

Control 15.52+0.11° 286.50+0.64° 305.50+3.68° 19.00£2.34° 6.62
BLUT-1 19.59+0.312 286.75+5.66° 293.50+5.5% 6.751+9.05¢ 235
BLUT-2 20.54+2.50° 284.50+9.31° 289.70+4.32° 5.25+6.454 1.84
BLUT-4 21.53+0.46° 288.75+6.76° 293.75+7.03*® 6.001+4.734 2.07
BMLT-1 22.74+1.28° 287.75+10.16% 302.25%£3.62° 14.50£9.12° 5.03
BMLT-2 22.32+1.042 285.00+8.102 297.50+3.32% 12.25+8.88¢ 4.29
BMLT-4 21.54+1.31° 289.25+3.03? 300.75+4.80° 11.50+8.88¢ 397

Values are Means £ SEM, n=5,%*Means in a column with different letters differ (p<0.05) using Tukey's studentized range test, BLUT: Blueberry leaf teas and BMLT: Bitter

melon leaf tea
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Fig. 1(a-b): Effect of Herbal leaf tea (Blue berry leaf (BLUT) and bitter melon leaf (BMLT)) administration on (a) Glutathione
S- transferase activity and (b) Glutathione levels, values are=SEM n = 5, ®*Mean on bars with different letters differ
(p<.05) using Tukey's studentized range test. BLUT: Blueberry leaf tea, BMLT: Bitter melon leaf tea, GSH: Glutathione,

GST: Glutathione-S-transferase

Table 2:Final weight and relative organ weights (RWs) of rats following sub-acute administration of herbal leafy teas (Blue berry leaf (BLUT) and bitter melon leaf (BMLT))

Groups Body weight (final)  Liver Kidney Spleen Heart Testes Brain Thymus Bone Lung
Control 305.50° 8.77° 2.40 0.58 0.98 2.75 1.76% 0.25 0.93° 1.70°
BLUT-1 293.50° 8.23° 230 0.65 1.15 288 1.73% 0.25 0.83° 1.68°
BLUT-2 289.75° 7.82%® 2.20 0.58 0.90 283 1.80° 033 0.75° 1.45¢
BLUT-4 293.75%® 7.91%® 2.36 0.60 0.96 2.75 1.83? 0.25 0.75° 1.65°
BMLT-1 302.25° 7.71%® 2.28 0.64 1.00 273 1.77% 0.30 0.85° 2.30°
BMLT-2 297.75% 7.94% 2.18 0.60 1.02 2.60 1.73% 0.23 0.75° 1.95%
BMLT-4 300.75° 7.61° 222 0.56 0.98 2.68 1.60° 0.20 0.75° 1.73°

Values are =SEM, n = 5,%Mean in a column with different letters differ (p<.05) using Tukey's studentized range test, BLUT: Blueberry leaf tea and BMLT: Bitter melon

leaf tea

exception of the group administered BMLT -4 (48% more than
the control) and the BLUT-1 (40% less than the control).
Among the treated groups, maximum induction in GST activity
was noted in groups given BLMT-4 (2.14) and minimum
induction in GST activity was observed in BLUT-1 (0.89). An
increase in GST activity was noted with increasing dose for all
the treatments administered.

Glutathione levels: Glutathione (GSH) is a tripeptide thiol
present in high concentrations in most living cells. The GSH is
involved in several crucial cellular reactions that protect

cells from potentially toxic electrophiles formed through
the metabolism of xenobiotics and these reactions have
long been associated with the process of detoxification
(Monks et al, 1990). In the current data (Fig. 1) no significant
alterations in the GSH (umol mg™" protein) levels were
observed. The GSH levels in the control untreated group did
not significantly differ compared to the treatment groups. In
effect, there were no significant (p<0.05) differences in GSH
levels among the treated groups or within the groups. Clearly,
in this regard, administration of BMLT and BLUT did not affect
GSH levels.
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Fig.2(a-b): Effect of leafy herbal teas (Blueberry leaf (BLUT) and bitter melon leaf (BMLT) administration on (a) Catalase (CAT) and
(b) Superoxide dismutase (SOD) activity in rats, Values are =SEM n = 5, ®®Mean on bars with different letters differ
(p<.05) using Tukey’s studentized range test. BLUT: Blueberry leaf tea, BMLT: Bitter melon leaf tea.

Table 3: Total phenolic content, total flavonoid content and ferric reducing antioxidant potential in herbal leaf tea infusions

Groups TF (mg CE/100 mL HLT) TP (mg GAE/100 mL HLT) FRAP (umol Fe*2/100 mL HLT)
BLUT 337.23%+0.15° 88.411+0.29° 1137.061+0.45°
BMLT 26.47+0.03° 39.34%0.013° 1133.72+0.62°

Values are £SEM (n = 6), ®Mean in column with different letters differ (p<.05) using Tukey’s studentized range test. BLUT: Blueberry leaf tea, BMLT: Bitter melon leaf
tea, CE: Catechin equivalents, GAE: Gallic acid equivalents, FRAP: Ferric reducing antioxidant power, HLT: Herbal leaf tea, TP: Total phenolic content, TF: Total flavonoid
content

Catalase (CAT) activity: Catalase (CAT) (umol mg~" protein) in the group administered BLUT-4. The SOD activity was
activity are shown in Fig. 2a. Results indicated there were  significantly (p<0.05) higher (approximately 41% increase)
no significant differences in the treated groups and the  compared to CON. There were no significant differences
control. The enzyme activities of the three doses of BLUT ~ among the treatment groups.

and BMLT (1, 2 and 4 mg kg~ b.wt.) showed no significant
differences (p<0.05) compared to one another. Total phenolic content, flavonoid content and ferric

reducing antioxidant power in herbal leaf teas: Table 3
Superoxide dismutase (SOD) activity: The results of  shows Total Flavonoid (TF) and Total Phenolic (TP) content of
superoxide dismutase (SOD) (umol mg~" protein) activity in BLUT was significantly (p<0.5) higher compared to BMLT. The
rats administered sub-acute doses of herbal leafy teasratsare ~ TF contentin BLUT was approximately 10 times higher thaniin
shown in Fig. 2b. There was no significant difference in the BMLT, while TP content was approximately two times higher.
activity of SOD between the CON and treated groups, except ~ There was however, no significant difference with FRAP.
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DISCUSSION

The present study aimed to evaluate the effects of a
repeated 28-dayoral dose toxicity study of herbal leaf
teas (bitter melon and blueberry) on liver function and
endogenous antioxidant liver enzymes. Results showed that
administration of herbal teas posed no adverse effects to the
rats used in the study. The present study showed that rats
administered herbal leaf teas, except for the BMLT group,
amassed significantly (p<0.05) lower weight gains compared
to the control. Some studies have showed that bitter melon
reduced body weight in experimental rodents (Chen and
Li, 2005; Chao et al, 2011; Meng et al, 2012; Xu et al, 2014),
most likely due to its effects on glucose metabolism. The
current study is in agreement. Prior studies by Chen and
Li (2005) indicated that chronic supplementation of bitter
melon in a high fat diet slows weight gain and improves
insulin sensitivity in rats fed an HF diet. The benefits ascribed
to these effects are likely related to bioactive compound
present in Bitter Melon (BM). In the BLUT supplemented
groups, higher feed intakes resulted in significant (p<0.05)
reductions in body weight. This inverse association could be
due to the thermogenic properties of polyphenols such as
quercetin which some studies have shown stimulates
brown adipose tissue thermogenesis and increases energy
expenditure (Dulloo et a/, 2000). Ahn et a/. (2008), Lasa et al.
(2012) and Park et a/ (2008), went further to indicate that
quercetin, in addition with other natural compounds such as
resveratrol and catechin, effectivelyimpacted weight loss and
suppressed adipogenesis by inhibiting lipid accumulation in
3T3-L1 preadipocytes and primary human adipocytes.

While, these results were seen with the consumption of
whole bitter melon and blueberry fruits, the present study
indicate results from their herbal leaf infusions. In this
study (Table 3), BLUT was found to contain high amount
of total flavonoids and phenolics content. A study by
Piljac-Zegarac et al. (2009), also reported high TP contentand
FRAP for wild blueberry infusion. Elsewhere, Zhu et a/. (2013)
showed that TFCand TPCfrom blueberries leaves were 114.21
and 425.24 mg g', respectively. Results also indicate that
BMLT is a rich source of polyphenols. Zhang et a/ (2009)
found that the major flavonoids and phenolic acids in bitter
melon leaf were rutin, gentistic acid and o-coumaric acid. The
BMLT exhibited a high FRAP which was comparable to BLUT.
A study by Kubola and Siriamornpun (2008), noted that the
bitter melon leaf had the highest FRAP compared to the fruit
and stem. Taken together, these results indicate BLUT and
BMLT are a good source of dietary phenolics and antioxidants
with potential use in functional food products.

The effect of herbal leaf teas did not induce any
significant (p<0.05) alteration on hepatic GST activity when
compared to the control (exceptin group BLUT-1). While there
are no studies to our knowledge, on the effects of blueberry
and bitter melon leaf teas on GST activity, this study can only
attribute these effects on their bioactive contents. A study by
Raza et al (1996) showed that bitter melon juice stabilized
GST activity by 30% in non-diabetic rats fed bitter melon juice
compared to controls. Chou et a/ (2000) also noted that
polyphenols such as quercetin, catechin, anthocyanins, etc.,
in blueberries were found to participate in the modulation
of GST activity. In another study, Dulebohn et a/ (2008) found
no significant increase in GST activity with blueberry
supplementation in healthy rats. One of the known activities
of phytochemicals is the induction of phase Il metabolizing
enzymes such as glutathione S-transferase (GST). The GSTs are
needed by the liver to catalyze the conjugation of xenobiotics
with GSH and are a vital part of the phase Il detoxifying
system. The liver is the primary organ exposed to the
damaging effects of newly formed toxic, for that reason,
protective mechanisms relevant to the liver are of particular
interest. It is important to note that no significant adverse
effects when compared to the control (untreated group) were
observed with liver mass in the present study.

While, numerous studies to determine the /n vivo
antioxidant have been mostly directed towards green and
black teas (Camellia sinensis) and their flowering parts, the
present study highlight the effect of bitter melon leaf and
blueberry leaf teas on glutathione (GSH) levels. The results
showed that GSH levels in liver were not affected in rats
administered leafy herbal teas at all doses. In fact, there was
no significant difference in GSH levels when compared to
the control (untreated). The maintenance of GSH levels is
crucial, since GSH, a tripeptide molecule is known to play an
importantrole in the detoxification of xenobiotics. This master
antioxidant functions in the removal of potentially toxic
electrophiles by maintaining cellular redox status. Depletion
of GSH levels have been correlated to the development of
irreversible cellular damage due to a sustained increase in
cytosolic Ca* levels (Miccadei et a/, 1988; Martensson and
Meister, 1989; Castell et a/, 1997; Lima et al, 2006). Thus,
increases in GSH levels which were observed in the present
study, are expected to reduce ROS levels and antagonize
toxicity events (Du et a/, 2009). The results from this study are
in line with an animal study conducted by Asiamah et a/
(2011). In that study, rats fed a diet of bitter melon had
significantly (p<0.05) high GSH levels compared to the control.
It was concluded that bitter melon has antioxidative
properties including the enhancement of antioxidative
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enzymes and compounds (Asiamah et al, 2011). The
protective properties of blueberries on hepatic function have
been adequately reported. Earlier, Coban et al/ (2013)
showed that hepatic GSH levels remained unchanged in
hypocholestereolemic guinea pigs fed powdered blueberries.
Blueberry supplementation was also found to increase GSH
levels and reduce liver injury in Diethylnitrosamine (DEN)
induced rats (Bingul eta/, 2013).Based on the present results,
the hepatoprotective effects of sub-acute administration of
BLUT are in part attributed to their antioxidative properties,
whichin turn significantly increased the antioxidative capacity
of the liver.

The SOD and catalase activities were also not affected
after supplementation with herbal leaf teas. It has been
indicated that the presence of antioxidants such as catechin
improves endogenous antioxidant enzymes including SOD,
Catalase and GPx (Sohn et af/, 1994). As indicated earlier,
although studies depicting the benefits of blueberry leaf and
bitter melon leaf tea consumption are scarce, elsewhere,
blueberry juice consumption was reported to significantly
increase SOD activity in male Sprague-Dawley rats
(Wang et al, 2013). The authors pointed out that the
protective effect of blueberry is perhaps through inhibition of
liver inflammation. In another study, oral treatment with
Camellia sinensis extractsin rats restored CAT and SOD
activities to normal levels after previous exposure to carbon
tetrachloride (CCl,) (Sengottuvelu et a/, 2008). Catalase (CAT)
and superoxide dismutase (SOD) are important determinants
of the cellular antioxidant system and because these enzymes
actsequentially to remove Reactive Oxygen Species (ROS), the
balance of the activity of these enzymes may be as crucial in
the defense against ROS as the activity of the enzymes alone.
As previously pointed out by Loew and Kaszkin (2004) and
further expanded on, Abolfathi et a/ (2012) implied that in
general herbal medicines are complex mixtures of different
compounds that often act in a synergistic fashion and exert
their full beneficial effect as total extracts.

CONCLUSION

The observations from this study indicate that a repeated
28-dayoral supplementation with bitter melon leaf and
blueberry leaf teas maintained the activity and levels of
endogenous antioxidant enzymes. The recovery of the redox
system prevented oxidative stress induced liver injury.
Additionally the present investigation demonstrates that at
the doses consumed, bitter melon leaf and blueberry leaf teas
may be considered relatively safe, as it did not cause any
lethality or changes in the general behaviorin this study. In

the future, we will determine (1) if such effects on liver
function and endogenous antioxidant liver enzymes could be
observed after prolonged consumption of bitter melon leaf
and blueberry leaf teas and (2) bioaccessibility and
bioavailability of the BLUT and BMLT polyphenols.
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