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ABSTRACT: The comparative phytochemicals,
antioxidativeand antidiabetic activities of Camellia sinensis
(black tea) and Aspalathus linearis (rooibos tea) were
studied in vitro and ex vivo. Concentrated infusions of the
teas showed significant free radical scavenging activities in
vitro. They significantly increased the glutathione level,
superoxide dismutase and catalase enzyme activities in
oxidative hepatic injury, while concomitantly depleting
malondi- aldehyde level. The teas significantly inhibited
intestinal glucose absorption and a-amylase activities, and
elevated muscle glucose uptake. LCMS phytochemical
profiling revealed the presence of hydroxycaffeic acid, I-
threonate, caffeine, vanillic acid, n-acetylvaline, and
spinacetin 3-glucoside in C. sinensis. While quinolinic acid,
coume- strol, phloroglucinol, 8-hydroxyquercetagetin,
umbellifer- one, and ajoene were identified in A. linearis.
These results portray the antioxidant and antidiabetic
potencies of both teas, with A. linearis showed better
activity compared to C. sinensis. These teas may thus be
used as functional foods inthe management of diabetes and
other oxidative stress related metabolic disorders.
Keywords Antioxidants, Antidiabetics, Black tea, Rooibos
tea, Type 2 diabetes

l. INTRODUCTION

Diabetes mellitus (DM) is the most endemic of all meta-
bolic diseases, as it was reported to affect over 425 million
people in 2017 (IDF 2018). This depicts a 2.4% rise in
prevalence from 415 million in 2015 (IDF 2016) and it is
expected to increase by 48% to 629 million in 2045, with an
upsurge of 156% expected for Africa (IDF 2018).

Diabetes mellitus is characterized by increased blood
glucose level (hyperglycemia) owing to disorder in the
metabolism of carbohydrate, protein and lipids (Erukainure
et al. 2013), which is caused by failure of the pancreatic
bcell to secrete insulin, and/or failure of the cells to use the
secreted insulin (Erukainure et al. 2018a, b, c). The former
is referred to as type 1 diabetes (T1D), while the latter is
often referred to as type 2 diabetes (T2D) and the most
prevalent of all diabetes types as it is responsible for over

90% of morbidity and mortality due to DM (IDF 2016,
2018). Hyperglycemia leading to oxidative stress is the
major trigger of T2D pathogenesis, that leads to microand
macro-vascular complications such as retinopathy and
neuropathy (Chukwuma and Islam 2017; Constantino et al.
2013; Erukainure et al. 2017a, b; Tiwari et al. 2013).
Oxidative stress occurs in T2D as a result of increased
generation of reactive oxygen species (ROS) from increased
glucose oxidation, which overwhelms the cell’s endogenous
antioxidative system (Maritim et al. 2003; Sanni et al.
2018). Increased activities of carbohydrate hydrolyzing
enzymes particularly a-glucosidase and aamylase have also
been reported to contribute to hyperglycemia owing to rapid
breakdown of dietary carbohydrate leading to postprandial
rise in blood glucose level (Oyebode et al. 2018).

Camellia sinensis is a well known medicinal plant
commonly referred to as tea and has been consumed as
beverage from time immemorial. Its origin has been
ascribed to Asia and it has been described as the most
globally consumed beverage second to water (Macfarlane
and Macfarlane 2004). Camellia sinensis is commercially
available in most countries as black, green and white teas.
Several studies have reported its antidiabetic and antioxi-
dant properties (Bhatt et al. 2010; Dufresne and Farnworth,
2001; Fu et al. 2017; Kumar and Rizvi 2015), which has
been attributed to its phytochemical constituents particu-
larly the catechins and alkaloids (Frei and Higdon 2003;
Han et al. 2016; Williamson et al. 2011).

Aspalathus linearis is a medicinal plant native to South
Africa, belonging to the Fabaceae family and the As-
palathus genus. Its leaves are utilized in the production of
the herbal tea, rooibos or bush tea which is widely con-
sumed globally (Joubert et al. 2008). Its medicinal prop-
erties have been widely studied and has been reported for
antidiabetic and antioxidant activities (Joubert et al. 2008;
Marnewick et al. 2003; Patel et al. 2016). These medicinal
properties have been attributed to its reported high ascorbic
acid content as well as polyphenols such as the flavones and
dihydrochalcones particularly aspalathin and nothofa- gin
(Iswaldi et al. 2011; Lee and Bae 2015).

Camellia sinensis and A. linearis constitute the most
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common teas consumed in Southern Africa, and often used
singly or combined in the management of various ailments
including DM. However, there is a dearth in their com-
parative studies. This study thus aims at comparing the
phytochemical, antidiabetic and antioxidative properties of
C. sinensis (black tea) and A. linearis (rooibos tea) by
investigating their ability to promote hypoglycaemic pro-
cesses Vis-a-vis muscle stimulation of glucose uptake,
inhibiting intestinal glucose absorption and activities of
major carbohydrate digestive enzymes, as well as improving
antioxidant enzymes activities.

1. MATERIALS AND METHODS
Tea bags
Commercial C. sinensis and A. linearis tea bags were
purchased from local malls at Fuzhou, China and Durban,
South Africa respectively. Five bags (10 g) of each product
were infused in 100 mL of boiled water and allowed to
stand for 2 h. The infusions were decanted into a weighed
beaker and concentrated at \50 °C in a water bath. After
concentrating, the beaker was reweighed, and the yielded
concentration was calculated to be 4.2 and 3.6 g of C.
sinensis and A. linearis samples respectively. They were
stored in airtight vials until further analysis.
A stock solution (1 mg/mL) was prepared from each sample
using distilled water, from which different working
concentrations (15, 30, 60, 120 and 240 Ig/mL) were
prepared for further studies.

Total phenolic content

The total phenolic content of the samples was analyzed via
the Folin—Ciocalteu reagent assay and expressed as mil-
ligrams of gallic acid equivalents (GAE) per gram of dry
weight (Liu and Yao 2007).

In vitro antioxidant activity

In vitro antioxidant activities were determined for the teas
using the 2,2°-diphenyl-1-picrylhydrazyl (DPPH) scaveng-
ing activity (Braca et al. 2002) and the ferric reducing
antioxidant power (FRAP) assay (Benzie and Strain 1996).
For DPPH activity, 100 IL of each sample concentra- tions
were incubated with 50 IL of 0.3 mM DPPH solution (in
methanol) for 30 min in the dark. Absorbance was read at
517 nm.

For FRAP, 100 IL of each sample concentration was
incubated with equal volumes of sodium phosphate buffer
(0.2 M, pH 6.6) and 1% potassium ferricyanide at 50 °C for
30 min. 100 IL of 10% trichloroacetic acid was used in
acidifying the reaction mixture, 100 IL of distilled water and
200 IL of 0.1% FeCl; were then added. Absorbance was
read at 700 nm.

Ascorbic acid was used as standard drugs for both activities.

Enzyme inhibitory activity

The teas were assayed for their antidiabetic activities by
determining their inhibitory effect on pancreatic a-amylase
(Shai et al. 2010). Briefly, 50 IL of each tea concentration or
acarbose was incubated with equal volume of porcine
pancreatic amylase (2 U/mL; in 100 mM phosphate buffer,
pH 6.8) for 10 min at 37 °C. After which, an equal volume
of 50 IL of 1% starch solution in 100 mM phosphate buffer
(pH 6.8) was added to the reaction mixture and further
incubated for 10 min at 37 °C. A 100 IL of the
dinitrosalicylate (DNS) color reagent was added to the
mixture and boiled for 10 min. Absorbance was read at
540 nm.

Animals

Five male albino rats of Sprague Dawley strain and
weighing about 200-250 g were procured for the
experiment from the Biomedical Research Unit (BRU),
University of KwaZulu-Natal, Durban, South Africa. The
rats were sacrificed by euthanizing with halothane, after
overnight fasting (12 h). Their small intestines (jejunum),
muscles and liver were harvested, rinsed in 0.9% NaCl
solution to remove blood stains and used immediately for ex
vivo studies comprising of glucose absorption and uptake,
and anti-oxidative stress activities.

The animals were maintained under the guidelines approved
by the Animal Ethics Committee of the Univer- sity of
KwaZulu-Natal, Durban, South Africa (Protocol approval
number: AREC/067/017D).

Ex vivo anti-oxidative activity

After homogenizing in 50 mM sodium phosphate buffer
(pH 7.5; with 10% Triton X-100), the harvested livers were
centrifuged at 15,000 rpm at 4 °C for 10 min. The super-
natants were decanted and stored in 2 mL Eppendorf tubes.
A 100 IL of each tea concentration was incubated witha
reaction mixture containing 100 IL of the liver homo-
genates and 30 IL of 0.1 mM FeSO, for 30 min in 5%
CO, incubator. A reaction mixture without any tea sample
or standard drug served as negative control (untreated).
Ascorbic acid was used as the standard drug.

The incubated samples were then analyzed for reduced
glutathione (GSH) level (Ellman 1959), catalase (Chance
and Maehly 1955) and superoxide dismutase (SOD)
(Kakkar et al. 1984) activities, and malondialdehyde (MDA)
level (Chowdhury and Soulsby 2002).

Liguid Chromatography-Mass Spectrometric (LC-
MS) Analysis

The tea samples were subjected to LC—MS analysis using
Shimadzu LCMS-2020 Single Quadrupole Liquid Chro-
matograph Mass Spectrometer (LC-MS). A HP-5MS
capillary column was used (30 m 9 0.25 mm ID, 0.25 Im
film thickness, 5% phenylmethylsiloxane). The LC stop
time was set at 4.00 min. The PDA sampling frequencywas
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set at 1.5625 Hz and the operating mode was on low
pressure gradient. Other operating parameters were as
follows: Pump A: LC-2030 Pump, Flow rate: 0.2000 mL/
min, Mobile Phase B Conc.: 95.0%; C Conc.: 0.0%; D
Conc.: 0.0%; A: Water; Mobile Phase B: Methanol; Start
Wavelength: 190 nm; End Wavelength: 800 nm; Cell
Temp.: 40 °C; Start Time: 0.00 min; End Time: 4.00 min;
Acquisition Mode: Scan Polarity: Positive; Event Time:
1.00 s; Detector Voltage: ? 1.00 kV; Threshold: 0; Start
m/z: 50.00; End m/z: 1700.00; Scan Speed: 1667 u/sec.
Compounds were identified by direct comparison of mass
spectral data with those in the https://foodb.ca/spectra/ms/
search.

Statistics

Data were presented as mean + SD, and significanceof
difference was established at p \ 0.05 using one-way
analysis of variance (ANOVA). Statistical analyses were
carried out using IBM Statistical Package for the Social
Sciences (SPSS) for Windows, version 23.0 (IBM Corp,
Armonk, NY, USA). The difference between the treated
and untreated samples was used in calculating the ICsq
values for each tea using their respective regression lines,
where x = 50 (Erukainure et al. 2017a, b).

35.00 -
30.00 A

% Total Polyphenol

0.00

) o IsXZ ) RRBT ) )
Fig. 1 Total phenolic contents of C. sinensis and A. linearis.
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Fig. 2 a DPPH scavenging and b Ferric reducing
antioxidant power(FRAP) activities of C. sinensis and A.
linearis. Data are presented asmean + SD. ®*Values with
different letter above the bars for a given concentration are
significantly (p \ 0.05) different from each other. ZSXZ: C.
sinensis; RRBT: A. linearis

. RESULTS
As shown in Fig. 1, both tea samples had moderate phe-
nolic contents. The phenolic content of A. linearis was
significantly (p\0.05) higher than that of C. sinensis.
Both teas significantly (p \ 0.05) scavenged DPPH, with
A. linearis displaying the best scavenging activity as shown
in Fig. 2a and Table 1. Both teas showed a dose-
dependent FRAP activity as shown in Fig. 2b, with the
highest activity observed at the highest concentration
(240 lg/mL).
Both teas moderately inhibited the activities of a-amy-lase
but were significantly (p \ 0.05) lower when com-pared to
the standard drug, acarbose as depicted in Fig. 3.
Incubation of hepatic tissue homogenates with FeSO, led
to significant (p \ 0.05) depletion of GSH level, SODand
catalase activities, while significantly (p \ 0.05)increasing
MDA level as depicted in Fig. 4a—d. Incubation with the
teas significantly (p \ 0.05) increased the GSHlevel, SOD
and catalase activities, and concomitantly depleted
MDA level. The ability of both teas to increasethe SOD
activities were dose-dependent, with A. linearis showing
the best activity (Fig. 4b). Based on the 1Cs values
(Table 1), A. linearis had the best activities except
for MDA depletion.
Incubation of isolated rat jejunum with the teas signifi-
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cantly (p \ 0.05) inhibited intestinal glucose absorption as
depicted in Fig. 5a, with C. sinensis showing a dose
dependent activity. The low ICs, value of A. linearis,
indicates a better activity compared to C. sinensis.

Incubation of isolated psoas muscle with the teas led to
significant (p \ 0.05) increase in muscle glucose uptake as
shown in Fig. 5b. Both teas showed does-dependent

activities, with C. sinesnis having the best activity.

LCMS analysis led to the identification of hydroxycaf- feic
acid, I-threonate, caffeine, vanillic acid, n-acetylvaline, and
spinacetin 3-glucoside in C. sinensis as depicted in Fig. 6a,
while quinolinic acid, coumestrol, phloroglucinol, 8-
hydroxyquercetagetin, umbelliferone, and ajoene were
identified in A. linearis as shown in Fig. 6b.

Table 1 ICs, values of C.sinensis and A. linearis activities

Activities C. sinensiz A linearis Aszcorbic acid Acarbose
DPFPH 0,03 pefml .01 pg/ml 0,05 pg/mlL -
FRAP = 1000 pg/mL = 1000 pg/mL = 1000 pg/mL -
a-amylase = 1) pgimL = 1000 ugfml = 1000 pa/mL = 1) pgfmlL
GSH 11202 pg/mlL 5410 pz/ml 9034 pefml -
S0D = 1000 peimL 8727 pz/mlL T97.56 po'ml -
Catalase 1.71 pgfmL 1.62 pug/mL 221 pg/mL -
MDA 1.55 pp/mlL 26 pg/mL 352 pg/mlL -
Glucose absorption 16222 pa/ml 8582 jig/ml - -
Glucose aptake 242 64 pa/ml 323.63 pg/ml - -
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Fig. 3 Inhibitory effect of C. sinensis and A. linearis on a-amylaseactivity. Data are presented as mean + SD. ®*Values with
differentletter above the bars for a given concentration are significantly(p \ 0.05) different from each other. ZSXZ: C.
sinensis; RRBT: A. linearis

(AVAS DISCUSSION

Tea drinking culture has been in practice from time
immemorial, with Yunnan in western China said to be the
birthplace of this culture (Kumakura 2002). Aside C.
sinensis, there have been in increase in other types of tea
notably herbal teas which also enjoy worldwide con-
sumption (Joubert et al. 2008). Though often taken as
recreational beverages and food, teas have been reported
for their medicinal properties (Sharma et al. 2007; Siddiqui
et al. 2004). This study reports the ability of C. sinensis and
A. linearis teas to scavenge free radicals and to inhibit the
activities of major carbohydrate catabolic enzymes linked to
type 2 diabetes as well as their phytoconstituents.

The total phenolic contents of both teas were rather verylow

(Fig. 1) which corroborates previous studies by Ane- sini et
al. (2008), Pal et al. (2012) and Bhebhe et al. (2015) which
reported low total phenolic content for C. sinensis and A.
linearis. This however contradicts previous reports that both
teas were had rich contents of phenolics. Pereira et al.
(2014) reported high phenolic contents for black, green and
white C. sinensis and correlated them with the antioxidant
properties of the studied teas. Damiani et al. (2019) also
reported high phenolic properties for A. linearis and also
correlated the antioxidant activity of the tea to the phenolic
content. Although the present study reports low phenolic
contents for both teas, they however contribute to the
antioxidant properties of the teas as depicted by their
ability to scavenge DPPH and reduce Fe*’ (Fig. 2a, b).
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Fig. 4 Effect of C. sinensis and A. linearis on (a) GSH level, (b) SODactivity, (c) catalase activity, and (d) MDA level in
oxidative hepatic injury. Data are presented as mean + SD; n = 3. *Significantly different from untreated sample and
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The influence of oxidative stress in the pathogenesis of type
2 diabetes and its complications due to hyperglycemia
induced increased production of free radicals are well

documented (Erukainure et al. 2012; King and Loeken2004;
Tiwari et al. 2013). These free radicals have been shown to
attack cellular proteins, DNAs, membrane lipids which may
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subsequently lead to cell death (Maritim et al. 2003).
Increased lipid peroxidation owing to suppressed GSH
level, SOD and catalase activities is a major oxidative
mechanism. The high DPPH scavenging and FRAP activ-
ities (Fig. 2a, b) of the teas indicates their free radical and
reducing power properties. This corroborates previous
reports on the potent antioxidant properties of C. sinensis
and A. linearis (Pereira et al. 2014; Damiani et al. 2019).
This is further depicted by the ability of both teas to elevate
the levels of GSH, SOD and catalase activities, while
suppressing lipid peroxidation in oxidative hepatic injury
(Fig. 4a—d). These potencies may be attributed to the LC—
MS identified compounds of the teas (Fig. 6), particularly
the phenolics which are well known antioxidants (Heleno
et al. 2015; Zhao et al. 2014).

Inhibition of major carbohydrate digestive enzymes has
been reported in several studies to be effective in the
treatment and management of type 2 digbetes (Van 2006).
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The inhibition of a — amylase by the teas C. sinensis and A.
linearis (Fig. 3) corroborates previous studies (Gao et al.
2013; Mikami et al. 2015; Muller et al. 2012; Ram’1rez et al.
2012; Vinholes and Vizzotto 2017) and further portrays
their antidiabetic properties. These studies attributed the
enzyme inhibitory properties to the phytoconstituents of
both teas (Dludla et al 2017; Gao et al. 2013; Muller et al.
2012; Wang, et al. 2012), thereby implying that the total
phenol content (Fig. 1) and identified compounds (Fig. 6a,
b) may play a synergetic role regarding this activity.
Inhibition of and/or delayed intestinal glucose absorp- tion
can also lead to decreased postprandial elevation of blood
glucose level, thus can be employed in the treatment and
management of T2D (Chukwuma and Islam 2015). Studies
have reported the ability of plant extracts to sup- press
glucose absorption in the intestine mostly at the first quarter
jejunal and duodenal regions (Erukainure et al.
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Fig. 6 LCMS identified compounds in (2) C. sinensis and (b) A. linearis

2018a, b, ¢, 2019; Oyebode et al. 2018). The inhibitory
effects of the studied teas (Fig. 5a) demonstrates their
ability to delay the intestinal absorption of dietary glucose,
thus preventing postprandial elevation of blood glucose

level. This also corroborates with their ability to inhibit a-
amylase activity (Fig. 3).

The role of skeletal muscle in carbohydrate metabolism
have been well documented (Oyebode et al. 2018; Sinacore
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and Gulve 1993). This can be attributed to their richness in
the glucose transporter, GLUT-4 which facilitates glucose
uptake (Oyebode et al. 2018; Satoh 2014). Some
commercial antidiabetic drugs such as metformin exhibit
their antidiabetic activity by triggering muscle glucose
uptake (Natali and Ferrannini 2006). Thus, the ability of
the studied teas to stimulate muscle glucose uptake
(Fig. 5b) further insinuates their antidiabetic potentials. This
may also portray an improved insulin sensitivity, as insulin
resistance has been implicated in the defects in muscle
glucose uptake (Satoh 2014; Sinacore and Gulve 1993).
Phytochemicals have been reported for their antioxidant and
antidiabetic activities (Alasalvar and Bolling 2015;
Chukwuma et al. 2019). The studied biological activities of
C. sinensis and A. linearis maybe attributed to the identi-
fied phytochemicals (Fig. 6a, b), thus depicting a syner-
gistic effect. The presence of the phenolics, hydroxycaffeic
acid, vanillic acid, and n-acetylvaline as well as the phe-
nolic glycoside, spinacetin 3-glucoside in C sinensis por-
trays a strong antioxidant potency as phenolics are well
known for their antioxidant and antidiabetic properties
(Chukwuma et al. 2019; Erukainure et al. 2018a, b, ¢). The
presence of caffeine may also contribute to the antidiabetic
activity of C. sinensis, as the hypoglycemic activity of
caffeine has been reported in non-diabetics, pre-diabetics
and diabetics (Bhaktha et al. 2015; Lane 2011; Lee et al.
2016). Similarly, the presence of phloroglucinol, 8-hy-
droxyquercetagetin, and umbelliferone in A. linearis (Fig.
6b) may also contribute to its antioxidant and antidiabetic
activities. Phytoestrogen, coumestrol and ajoene have also
been shown to possess antioxidant and antidiabetic
properties (Bhathena and Velasquez 2002; Hattori et al.
2005; Yuk et al. 2011), and may also con- tribute to the
biological activities of A. linearis.

V. CONCLUSION

These results depict the antioxidative and antidiabetic
potencies of C. sinensis and A. linearis as demonstrated by
their ability to scavenge free radicals, suppress lipid per-
oxidation, inhibit a-amylase enzyme activity and intestinal
glucose absorption, and concomitant increase in antioxi-
dant enzymes activities and muscle glucose uptake. Thus,
further affirming the utilization of these teas for managing
T2D and its complications, with A. linearis being more
potent compared to C. sinensis. Hence, they may be
employed as functional foods in the management of dia-
betes and other oxidative stress related metabolic disorders.
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