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Abstract
Colon cancer is the third leading cause of death in the US. Selected herbal teas
and spices may reduce incidence of chronic diseases, including cancer. The
objective of this study was to identify the effect of strawberry leaf, raspberry
leaf, hibiscus teas and cinnamon on azoxymethane (AOM)-induced aberrant
crypt foci (ACF) in Fisher 344 male rats. After acclimatization period (1 wk),
49 male weanling rats were divided into 16 groups. Control (CON) group fed
AIN-93G diet; 15 treatment groups were administered control diet + strawberry
leaf tea (STW), raspberry leaf tea (RAS), hibiscus tea (HIB), cinnamon (CIN),
strawberry leaf tea + cinnamon (STW + CIN), raspberry leaf tea + cinnamon,
(RAS + CIN), hibiscus tea + cinnamon (HIB + CIN), and strawberry leaf tea +
raspberry leaf tea + hibiscus tea + cinnamon in combination (COM) at 2 levels each (teas added at 1% and 2%; CIN added at 2.5% and 5%). Rats received
24 mg/kg body weight AOM in saline s/c at 7 and 8 weeks of age. Animals received experimental diets until sacrificed by CO2 asphyxiation (17 weeks of
age). ACF were enumerated in colons. Hepatic antioxidant enzymes were determined; superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), and glutathione (GH). Treatment groups had reduction in ACF
compared to CON (154). Lowest ACF observed in HIB 2% + CIN 5% (13.16)
with 91.45% reduction compared to CON. ACF observed in treatment groups
administered teas and cinnamon combinations were lower than those administered teas singly. SOD and CAT activities in rats administered treatment diets were higher than CON (13.63 U/mL, 0.95 umol·min−l·ml−1). Rats
administered COM (20.65 U/mL) had highest SOD activity. CAT activity
was 51.27% higher in rats administered HIB 2% (1.96 umol·min−l·ml−1).
GPX activity ranged from 7.26 (STW 1% + CIN 2.5%) to 9.59 (STW 2%)
umol·min−l·ml−1. Results suggest that herbal teas and spices may reduce the
risk of colon cancer and improve antioxidant status; regular consumption
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may provide beneficial health effects.
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1. Introduction
Cancer is an ever-growing concern in America today. According to the American Cancer Society [1] cancer, specifically colon cancer is one of the leading
causes of death amongst men and women in the US. Though detection methods
have improved and mortality rates decreased, there is still an urgent need for
more preventive methods of cancer. Research suggests that phytochemicals in
herbal substances may reduce the risk of or prevent cancer. Though detection
methods have improved and decreased mortality rates, there is still an urgent
need for more preventive methods of cancer. Research suggests that phytochemicals in herbal substances may reduce the risk of or prevent cancer. Accounting for these potential benefits is a diverse array of compounds with numerous biological properties.
Chemoprevention describes methods that “reverse or retard tumorigenesis”
[2] [3]. Though their chemical and structural nature vary, phytochemicals may
act as chemopreventing agents by inducing apoptosis, inhibiting phase I enzyme
activity, reducing proliferation and inducing differentiation of cells, and increasing expression of anti-cancer genes [4] [5].
Aside from Camellia sinensis, herbal teas or infusions such as blueberry and
bitter melon leaf teas (also known as leafy herbal teas, LHT) are consumed by
millions due to their purported health benefits which include reductions in cardiovascular diseases (CVD), diabetes, and cancer [6]. Tea blends are also highly
sought after due to their purported health benefits. Some tea blends that are
common in the US consist of raspberry leaf, strawberry leaf, and hibiscus leaf
teas. Tea blends are also often infused with spices for improved taste and increased positive effects on health, included the prevention of some chronic diseases such as cancer.
Raspberry leaf tea is derived from the leaves of the raspberry plant, Rubus
idaeus and other species of the plant. Also known as the “American Red Raspberry” raspberries are native to Europe and North Asia. Studies conducted have
suggested the health benefits of raspberry leaves including, but not limited to anti-inflammatory, antiseptic, antidiarrheic, and gastrointestinal relief [7].
Strawberry leaf tea is derived from the leaves of the plant Fragaria vesca, also
known as the wild strawberry and woodland strawberry. There have been numerous health benefits of strawberry fruit, including increased serum antioxidant capacity [8], and anti-thrombotic effects [9].
Hibiscus tea is derived from the leaves of the plant Hibiscus sabdariffa. Also
known as sorrel, bissap, or sour tea, hibiscus is one of the more common herbal
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teas incorporated into tea blends in the US [10]. A number of research efforts suggest many health promoting properties of hibiscus including antihypertensive
[10], hypocholesterolemic [11], antimicrobial and anticancer [12] effects.
Cinnamon is a well-known spice that had been used widely as both flavoring
and medicinal agents for centuries. Though multiple parts of the plant derived
from the Cinnamomum genus are used, the bark is most commonly utilized.
From the family Lauraceae, the Cinnamomum genus is comprised of approximately 250 species [13], with some common species C. burmanni, C. cassia, and
C. tamala. Some health benefits of cinnamon include antioxidant and antimicrobial [14], and anti-inflammatory proterties [15].
Aberrant Crypt Foci (ACF) are commonly used as biomarkers of colon cancer
[16]. The enumeration of ACF has a direct correlation with colon cancer; the
greater amount of ACF that are found, the greater chances that colon cancer will
develop [17]. An azoxymethane solution was used to induce colon cancer, further producing ACF.
The endogenous oxidation process may promote the pathogenesis of several
chronic disease such as cancer, cardiovascular disease, diabetes, and obesity by
the production of reactive oxygen species (ROS) and reactive nitrogen species
(RNS) [18]. Production of ROS and RNS causes an accumulation of free radicals
and induction of oxidative stress. Oxidative stress occurs when the level of
prooxidants is higher than that of antioxidants. Therefore, induction of antioxidants and detoxification enzymes help combat oxidation via various mechanisms, including neutralization, scavenging, and reduction of free radicals; leading to a reduction in disease risk.
Glutathione-S Transferases (GSTs) and Catalase (CAT) are known as oxidative stress related enzymes. GSTs refer to a group of substances that serve as
phase II isozymes and are a crucial part of the phase II detoxification system
[19], while CAT acts in reducing DNA damage on cells, which in turn reduces
the number of cells being initiated.
The objective of this study was to identify the effect of strawberry leaf, raspberry leaf, hibiscus teas and cinnamon on azoxymethane (AOM)-induced aberrant crypt foci (ACF) in Fisher 344 male rats.

2. Materials and Methods
2.1. Animal Project
2.1.1. Experimental Design, Animal Housing and Diets
Forty-nine Fisher 344 male weanling rats (3 weeks of age) were obtained from
Harlan, IN and housed in stainless steel wire cages. After being received, a one
week acclimatization period ensued for the animals. During this period, water
was available ad libidum. After acclimatization period (1 wk), 49 male weanling
rats were divided into 16 groups. Control (CON) group fed AIN-93G diet; 15
treatment groups were administered control diet + strawberry leaf tea (STW),
raspberry leaf tea (RAS), hibiscus tea (HIB), cinnamon (CIN), strawberry leaf tea
+ cinnamon (STW + CIN), raspberry leaf tea+ cinnamon,(RAS + CIN), hibiscus
tea + cinnamon (HIB + CIN), and strawberry leaf tea + raspberry leaf tea + hi350
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biscus tea + cinnamon in combination (COM) at 2 levels each (teas added at 1%
and 2%; CIN added at 2.5% and 5%) for a period of 13 wk. Teas and cinnamon
were purchased from Monterey Bay Spice Company, Watsonville, CA. For
preparation of herbal teas, 120 g of tea leaves were boiled in 3000 mL of tap water for 5 minutes. Tea was then decanted from leaves and tea was diluted with
tap water to make 1% and 2% decoctions. Decoctions were stored at 40˚C until
administration to rats. Cinnamon concentrations (2.5% and 5%) were incorporated into the AIN-93G diet, at the expense of cornstarch. The composition of
the AIN-93G control and cinnamon diets is shown in Table 1. The experiments
were conducted according to protocols approved by the Institutional Animal
Care and Use Committee of Alabama A&M University.
2.1.2. Induction of Aberrant Crypt Foci by Azoxymethane
(AOM) and Sample Collection
Rats received 24 mg/kg body weight AOM in saline s/c at 7 and 8 wk of age.
Animals received experimental diets until sacrificed by CO2 asphyxiation (17 wk
of age). The AIN-93G diet is NIH approved and provided the rats with all of the
nutrients they would need for growth and survival (American Institute of Nutrition). The animals were housed three to a cage with a jar of the respective diet
placed in each cage; water and tea was available ad libidum. The jar of diet in
each cage and animal drinking bottle with tea was replaced as needed and the
weight of the animals was taken and recorded every two weeks. Upon death, the
cecum, colon, and liver were obtained from each animal caucus. The pH of the
cecal matter was measured. The livers of each rat were stored in a −80C freezer
until further testing. The colons of each rat were stored in a formaldehyde solution.
2.1.3. Enumeration of Abberant Crpyt Foci Count
Each colon was measured and divided into 2 equal portions, indicating the
Table 1. AIN-93G diet for control and treatment groups administered cinnamon.
Ingredients (g)

Control
(AIN-93G)

Cinnamon (2.5%)

Cinnamon (5%)

Cornstarch

397.50

372.50

347.50

Sucrose

100.00

100.00

100.00

Casein

200.00

200.00

200.00

Fiber

50.00

50.00

50.00

Soybean oil

70.00

70.00

70.00

Dextrose

132.00

132.00

132.00

Mineral Mix (G)

35.00

35.00

35.00

Vitamin Mix

10.00

10.00

10.00

L-Cysteine

3.00

3.00

3.00

Choline

2.50

2.50

2.50

Cinnamon

0.00

25.00

50.00

AIN-93-G = American institute of nutrition diet for growth, pregnancy and lactation, (G) = growth, (g) =
grams.
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proximal and distal ends. The proximal and distal ends of the colon were then divided into 2 cm segments and stained with 0.2% methylene blue and examined under a light microscope with a magnification of 10X. ACF enumeration was performed according to Bird (1995) [20]. The abberant crypt foci (ACF) were counted
and categorized by location and crypt multiplicity (foci having 1, 2, 3, 4 or 5 crypts).
2.1.4. Preparation of Liver Homogenate
One gram of the liver samples was homogenized in 10ml of ice-cold potassium
phosphate buffer with EDTA at a pH of 7.4 using a Potter-Elvehjem homogenizer.
The homogenized livers were then centrifuged at 10,000 g for 15 mins. The supernatant was then centrifuged a second time at 10,000 g for and additional 15 mins.
2.1.5. Determination of Hepatic Enzyme Activity
GSTs activity of the liver was determined by measuring the conjugation of
1-chloro-2, 4-dinitrobenzene (CDNB) using methods outlined by Habig et al.
(1974) [21]. The absorbance was determined at 340nm for 5 mins (1 min intervals) (Biotek Synergy HT, Winooski, Vermont). Total enzyme activity was reported as μmol/mg.
Catalase (CAT activity was determined using a standard kit purchased from
Cayman Chemicals (Ann Arbor, MI). Hydrogen peroxide (H2O2) and potassium
hydroxide (KOH) was introduced to appropriate dilutions of liver homogenate
and incubated with catalase potassium periodate at room temperature based on
methods by Johansson and Borg (1988) [22]. Absorbance of the reaction mixture
was measured at 540 nm.
Glutathione peroxidase (GPx) activity was determined using a standard kit
purchased from Cayman Chemicals (Ann Arbor, MI). Cumene H2O2 was introduced to liver homogenates with assay buffer to initiate the reaction mixture.
Absorbance was read at 340 nm once every 5 min for 30 min and expressed as
nmol/mg protein based on methods by Jaskot and others [23].
For determination of Superoxide Dismutase (SOD) was determined using a
standard kit purchased from Cayman Chemicals (Ann Arbor, MI) according to
methods outlined by Fridovich [24].
Reduced glutathione (GSH) forms (nmol/mg protein) was measured using a
spectrophotometric assay kit purchased from Cayman Chemicals (Ann Arbor,
MI) (Griffith, 1985) [25].

2.2. Statistical Analysis
Results are presented as means ± SEM using SAS system version 9.3. ANOVA
was used to determine any significant differences among the treatment groups.
Significance was determined at p ≤ 0.05. The means were separated using Tukey’s Studentized Range Test.

3. Results
3.1. General Observations, Weight Gain, Feed Intake
Concentrations of tea and diets containing cinnamon did not produce any ob352
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servable toxicity. Table 2 shows the weight gain and feed intake of rats fed control and treatment diets. The weight gain of the control group was significantly
(p ≤ 0.05) higher than the treatment groups except HIB 2%. Among the treatment groups, there were no significant (p ≤ 0.05) differences in weight gain in
rats fed herbal teas and spices with the exception of group fed teas and spice in
combination (COM), which had a significantly (p ≤ 0.05) lower weight gain.
Rats administered the control diet had a significantly (p ≤ 0.05) higher feed
intake (16.77 g/day) compared to the treatment groups; however there were no
significant differences in feed intake among the treatment groups. Feed intake of
rats in the treatment groups ranged from a low of13.38 (STW 2%) to a high of
15.14 (RAS + CIN2) g/day. Comparing the 2nd and 3rd columns in Table 2, the
CON group had a significantly (p ≤ 0.05) higher feed intake and weight gain,
while the COM group had the lowest feed intake and weight gain.
Table 3 shows cecal weight and pH of rats fed control and treatment diets.
Cecal contents can serve as an indicator of gastro intestinal function. A lower
cecal pH may suggest the presence of short-chain fatty acids, as a result of fermentation of fiber in the gut. There were no significant (p ≤ 0.05) differences in
cecal weight and cecal pH among the control and treatment groups; however,
rats fed cinnamon at 5% had numerically higher cecal weight and one of the
lowest cecal pH values. Cecal weight ranged from a low of 0.76 in COM to a high
Table 2. Weight gain and daily feed intake of rats administered herbal teas and cinnamon
singly and in combination.
Groups

Weight Gain/17wk (g)

Feed Intake/day (g)

CON

233.05 ± 1.51a

16.77a

STW 1%

201.00 ± 0.57b

13.73b

STW 2%

224.50 ± 1.20b

13.38b

RAS 1%

214.00 ± 3.46b

13.88b

RAS 2%

206.33 ± 0.33b

13.43b

HIB 1%

197.67 ± 1.45b

13.66b

HIB 2%

230.00 ± 8.50a

13.51b

CIN 2.5%

195.00 ± 6.74b

13.55b

CIN 5%

190.06 ± 4.17b

13.53b

STW + CIN1

193.33 ± 7.21b

13.62b

STW + CIN2

199.00 ± 7.76b

13.64b

RAS + CIN1

208.33 ± 4.84b

13.56b

RAS + CIN2

207.50 ± 0.33b

15.14b

HIB + CIN1

205.33 ± 2.60b

13.56b

HIB + CIN2

224.33 ± 3.21b

13.91b

COM

175.33 ± 0.88c

13.52b

Values are ± SEM n = 3. abcMean in rows with different letters differ (p ≤ 0.05) using Tukey’s studentized
range test. Abbreviations: STW = strawberry leaf tea, RAS = raspberry leaf tea, HIB = hibiscus tea, CIN =
cinnamon, COM = combination of strawberry and raspberry leaf teas, hibiscus tea and cinnamon.
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Table 3. Cecal weight and cecal pH of rats administered herbal teas and cinnamon singly
and in combination.
Groups

Cecal Weight (g)

Cecal pH

CON

1.07 ± 0.08

b

6.86 ± 0.16a

STW 1%

0.86 ± 0.05b

6.76 ± 0.04a

STW 2%

1.08 ± 0.02ab

6.38 ± 0.23a

RAS 1%

0.90 ± 0.06b

6.72 ± 0.01a

RAS 2%

1.23 ± 0.02

ab

7.38 ± 0.29a

HIB 1%

0.90 ± 0.14ab

7.38 ± 0.14a

HIB 2%

1.28 ± 0.18ab

7.30 ± 0.08a

CIN 2.5%

1.33 ± 0.28ab

6.77 ± 0.14a

CIN 5%

1.64 ± 0.24a

6.82 ± 0.05a

STW + CIN1

1.11 ± 0.16ab

6.73 ± 0.32a

STW + CIN2

0.89 ± 0.04b

7.35 ± 0.27a

RAS + CIN1

1.01 ± 0.10ab

7.67 ± 0.49a

RAS + CIN2

0.79 ± 0.06b

7.67 ± 0.24a

HIB + CIN1

0.81 ± 0.08b

6.74 ± 0.29a

HIB + CIN2

0.97 ± 0.02

b

7.62 ± 0.38a

COM

0.76 ± 0.07b

7.53 ± 0.26a

Values are ± SEM n = 3. abcMean in rows with different letters differ (p ≤ 0.05) using Tukey’s studentized
range test. Abbreviations: STW = strawberry leaf tea, RAS = raspberry leaf tea, HIB = hibiscus tea, CIN =
cinnamon, COM = combination of strawberry and raspberry leaf teas, hibiscus tea and cinnamon.

or 1.64 in CIN 5%. Cecal pH, however, ranged from a low of 6.38 in STW 2% to
a high of 7.67 in RAS + CIN1.

3.2. Total Crypt and Crypt Multiplicity of Rats Administered
Herbal Teas and Cinnamon
Table 4 shows the number of total crypts in the colons of AOM-induced rats
administered herbal teas and cinnamon. AOM is a known inducer of colon cancer; as a result of AOM, abnormal cells (aberrant crypt foci (ACF)) are formed in
the colon. ACF are used as biomarkers of colon cancer incidence. Rats fed the
control diet alone had an 8-fold higher total number of crypts compared to the
treatment groups. The lowest number of crypts among treatment groups was
seen in rats administered cinnamon and strawberry leaf tea at 2.5% and 1%
(45.33). Among groups administered strawberry leaf tea and hibiscus teas singly,
STW 1% (49) and HIB 1% (48.33) had a lower number of total crypts compared
to their 2% counterparts. In the RAS fed groups, the group administered RAS
2% (118.66) had a lower number of total crypts compared to RAS 1% (171.33). A
similar effect was observed in treatment groups administered STW + CIN, RAS +
CIN, and HIB + CIN. The groups fed combination tea and cinnamon had significantly (p ≤ 0.05) lower number of total crypts at 2% compared to their 1%
counterpart with the exception of STW + CIN. All groups fed treatment diets
had reductions in total crypts compared to the control, with reductions ranging
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Table 4. Total number of crypts in colons of AOM-induced rats fed herbal teas and cinnamon.
Groups

Total Crypts

CON

790.00a

STW 1%

49.00h

STW 2%

136.00d

RAS 1%

171.33b

RAS 2%

118.66e

HIB 1%

48.33h

HIB 2%

153.00c

CIN 2.5%

74.00g

CIN 5%

96.00c

STW + CIN1

45.33h

STW + CIN2

52.66h

RAS + CIN1

70.00g

RAS + CIN2

54.50h

HIB + CIN1

66.00g

HIB + CIN2

54.33h

COM

60.66g

Values are Means, n = 3. abcMean in rows with different letters differ (p ≤ 0.05) using Tukey’s studentized range
test. Abbreviations: STW = strawberry leaf tea, RAS = raspberry leaf tea, HIB = hibiscus tea, CIN = cinnamon,
COM = combination of strawberry and raspberry leaf teas, hibiscus tea and cinnamon.

from a low of 79% (RAS 1%) to a high of 94% (STW 1%).
Figure 1 and Figure 2 show crypt multiplicity in the colon of AOM-induced
rats administered teas and cinnamon. Aberrant crypt foci (ACF) are preneoplastic lesions that serve as indicators of colon cancer incidence. If there less than 2
crypts per focus, it is likely that the cell will not become cancerous; however, if
there are 3 or more crypts per focus there is a high probability that the cell will
become a tumor. Crypt multiplicity is also an indicator of proliferative and inflammatory responses. Figure 1 shows crypt multiplicity in rats administered
herbal teas and cinnamon singly, while Figure 2 shows crypt multiplicity in rats
administered herbal teas in combination; the x-axis represents crypt multiplicity. The control group had a significantly (p ≤ 0.05) higher number of ACF
with 1, 2, 3, 4 and 5 or more crypts per focus compared to rats fed teas and
spices singly and in combination. In Figure 4.12, rats administered the control
diet alone had a significantly (p ≤ 0.05) higher number of crypt per focus
across the board. ACF with 1 crypt per focus was lowest in rats administered
HIB 1% (2). ACF with 2 and 3 crypt per focus was lowest in the group administered RAS 2% (3). ACF with 4 and 5 group per focus was lowest in rats fed
HIB 1% (2.66 and 2.33).
In Figure 2, rats administered the control diet along had a significantly (p ≤
0.05) higher number of crypts per focus. ACF with 1 crypt per focus was lowest
in rats administered HIB + CIN2 (1), while ACF with 2 crypts per focus was
355
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Figure 1. Crypt multiplicity in colon of AOM-induced rats fed selected teas and cinnamon singly. *Indicate values were significantly higher. Abbreviations: STW = strawberry
leaf tea, RAS = raspberry leaf tea, HIB = hibiscus tea, CIN = cinnamon, COM = combination of strawberry and raspberry leaf teas, hibiscus tea and cinnamon.

Figure 2. Crypt multiplicity in colon of AOM-induced rats fed selected teas and cinnamon in combination. *Indicates values were significantly higher. Abbreviations: STW =
strawberry leaf tea, RAS = raspberry leaf tea, HIB = hibiscus tea, CIN = cinnamon,
COM = combination of strawberry and raspberry leaf teas, hibiscus tea and cinnamon.

lowest in groups fed STW + CIN1 (2.66). ACF with 3 crypts per focus was lowest
in rats administered RAS + CIN2 and HIB + CIN2 (2). The number of 1, 2, 3, 4
and 5 crypts per focus was lower in groups administered tea and cinnamon in
combination compared to rats fed tea and cinnamon singly; suggesting a synergistic effect of herbal teas and spices.

3.3. Hepatic Antioxidant Enzyme and Glutathione Levels
Table 5 shows hepatic antioxidant enzymes, Superoxide Dismutase (SOD), Glutathione peroxidase (GPX) and Catalase (CAT) activities in rats fed herbal teas
and cinnamon singly and in combination. SOD, GPX, and CAT, prominent in
the liver, aid in regeneration of antioxidants and stabilization of free radicals.
SOD catalyzes the dismutation of the superoxide radical that can cause oxidation
to occur. There were significant (p ≤ 0.05) differences between the control and
treatments groups in SOD activity, with the exception of RAS 2%, HIB 1% and
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Table 5. Hepatic enzyme activities in rats administered herbal teas and cinnamon singly
and in combination.
Group

SOD (U/g)

GPX (mmol/min/g)

CAT (mmol/min/g)

CON

136.30 ± 0.68

14.20 ± 0.04

9.50 ± 0.01e

STW 1%

123.00 ± 0.96g

85.00 ± 0.68abc

17.30 ± 0.24c

STW 2%

160.80 ± 0.25e

95.59 ± 0.15a

14.30 ± 0.06d

RAS 1%

163.20 ± 0.83e

91.40 ± 0.28ab

12.80 ± 0.07d

RAS 2%

149.10 ± 1.17

90.07 ± 0.48

ab

15.10 ± 0.17b

HIB 1%

134.70 ± 1.21f

76.60 ± 0.37abc

14.90 ± 0.05c

HIB 2%

138.0 ± 0.17c

87.90 ± 0.47abc

19.60 ± 0.14a

CIN 2.5%

171.81 ± 1.25e

90.20 ± 0.21ab

18.00 ± 0.31a

CIN 5%

143.70 ± 0.64f

79.80 ± 0.47abc

11.20 ± 0.13e

STW + CIN1

219.30 ± 6.19c

72.60 ± 0.29bc

14.10 ± 0.24c

STW + CIN2

346.50 ± 0.71a

90.48 ± 0.10ab

16.40 ± 0.10b

RAS + CIN1

318.50 ± 3.51b

90.40 ± 0.45ab

16.40 ± 0.07b

RAS + CIN2

340.11 ± 9.35a

80.42 ± 0.05abc

16.60 ± 0.09b

HIB + CIN1

195.59 ± 1.09d

87.00 ± 0.49abc

10.50 ± 0.11e

HIB + CIN2

188.30 ± 0.91

78.10 ± 0.61

15.50 ± 0.20b

COM

180.40 ± 2.48d

f

f

d

d

c

81.30 ± 0.71abc

16.90 ± 0.09b

Values are ± SEM, n = 3. abcdMean on column with different letters differ (p ≤ 0.05) using Tukey’s studentized range test. Abbreviations: STW = strawberry leaf tea, RAS = raspberry leaf tea, HIB = hibiscus tea,
CIN = cinnamon, COM = combination of strawberry and raspberry leaf teas, hibiscus tea and cinnamon,
SOD = Superoxide Dismutase, GPX = Glutathione Peroxidase, CAT = Catalase.

CIN 5%. Groups administered herbal teas and spices in combination had significantly (p ≤ 0.05) higher SOD activities compared to rats fed teas and spices
singly. GPX and CAT break down the hydrogen peroxide radical to molecular
oxygen and water. All treatment groups (72.5 to 95.5 mmol/min/g) had significantly (p ≤ 0.05) higher GPX activity compared to the control group (14.20
μmol/min/g). Administration of herbal teas and spices increased GPX activity by
at least 5-fold compared to the control. The highest GPX activity was observed
in rats administered STW 2% (95.5 mmol/min/g). There were significant (p ≤
0.05) differences in CAT activity among the experimental groups. The rats administered HIB (2%), CIN (2.5) and STW (1%) had significantly (p ≤ 0.05) higher
CAT activity compared to the other treatment groups. Rats administered herbal
teas and cinnamon in combination (16.9), had the highest CAT activity among
all treatment groups fed combination diets.
The 3 antioxidant enzymes work together to rid free radicals and are induced
as needed. As SOD converts superoxide to water and hydrogen peroxide, CAT
and GPX are induced in order to reduce hydrogen peroxide.
Table 6 shows glutathione levels in AOM-induced rats administered herbal
teas and spices. Glutathione is a powerful antioxidant that is conjugated to
xenobiotics by the action of the Phase II family of enzymes, glutathione-stransferases. Glutathione levels were found to be higher in liver of rats fed teas
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and cinnamon compared to control rats. Livers of rats administered STW 2%
and STW + CIN2 had 3- and 3.5-fold higher glutathione levels compared to
the control. Among rats fed combinations diets, the highest glutathione level
was observed in the STW + CIN2 (382.40) group, while the lowest glutathione
level was seen in rats administered strawberry leaf tea at a 1% concentration
(151.90).
In all treatment groups, glutathione levels were higher with increasing concentrations of teas and spices administered to rats. Groups administered teas
and spices in combination had higher glutathione levels compared to rats fed
teas and spices singly, with the exception of the RAS + CIN1 group.
Figure 3 and Figure 4 show levels of hepatic glutathione-S-transferases (GST)
in rats administered herbal teas and spices singly and in combination. GSTs are
a family of enzymes that catalyze conjunction of glutathione to xenobiotics. The
control group had a lower GST activity compared to the treatment groups. There
was an increase in GST activity with increasing concentrations of teas and spices.
Among the treatment groups that were administered teas and spices singly, the
group fed cinnamon at 5% (CIN 5%) had the highest (0.58 nmol/min/mL) GST
activity and the group administered strawberry leaf tea at a concentration of 1%
(STW 1%) had the lowest (0.21 nmol/min/mL) GST activity. As seen in Figure
4.7, the highest GST activity was seen in the group administered strawberry leaf
tea at 2% in combination with CIN at 5% (STW 2% + CIN 5%) (0.62 nmol/
Table 6. Hepatic glutathione levels in rats administered herbal teas and spices.
Groups

Glutathione Levels (mM/g)

CON

132.59h

STW 1%

151.90g

STW 2%

310.10d

RAS 1%

236.01e

RAS 2%

286.03f

HIB 1%

269.09a

HIB 2%

380.50f

CIN 2.5%

253.75f

CIN 5%

294.26e

STW + CIN1

300.08e

STW + CIN2

382.40a

RAS + CIN1

299.04e

RAS + CIN2

330.88c

HIB + CIN1

323.40c

HIB + CIN2

352.30b

COM

289.02e

Values are Means, n = 3. abcdMeans with different letters differ (p ≤ 0.05) using Tukey’s studentized range
test. Abbreviations: STW = strawberry leaf tea, RAS = raspberry leaf tea, HIB = hibiscus tea, CIN = cinnamon, COM = combination of strawberry and raspberry leaf teas, hibiscus tea and cinnamon, GSH = Glutathione.
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Figure 3. Hepatic glutathione-S-Transferases activity in rats fed herbal tea and cinnamon
singly. Values are Means, n = 3. abcdMean on bars with different letters differ (p ≤ 0.05)
using Tukey’s studentized range test. Abbreviations: STW = strawberry leaf tea, RAS =
raspberry leaf tea, HIB = hibiscus tea, CIN = cinnamon, GST = Glutathione-S-Transferases.

Figure 4. Hepatic glutathione-s-transferases activity in rats fed herbal teas and cinnamon
in combination. Values are Means, n = 3. abcdMean on bars with different letters differ (p ≤
0.05) using Tukey’s studentized range test. Abbreviations: STW = strawberry leaf tea,
RAS = raspberry leaf tea, HIB = hibiscus tea, CIN = cinnamon, COM = combination of
strawberry and raspberry leaf teas, hibiscus tea and cinnamon, GST = GlutathioneS-Transferases.

min.mL) and the lowest treatment groups administered teas and spices in combination was observed in rats given raspberry leaf tea at 1% in conjunction with
cinnamon at 5% (RAS 1% + CIN 5%) (0.39 nmol/min/mL).

4. Discussion
The link between diet and disease is continually researched and it is suggested
that diet plays a major role in cancer prevention [26] [27] [28]. There is strong
evidence of dietary bioactive compounds, such as phytochemicals, and their role
in disease prevention. Phytochemicals are secondary plant metabolites that occur within plants to provide protection to the plant [29]. A number of phytochemicals, including phenolics, carotenoids and alkaloids are derived from
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fruits, vegetables, herbs, spices, and other plant material [30] [31] [32]. Research
suggests that phytochemicals in herbal substances may reduce the risk of or prevent cancer. A diverse array of compounds with numerous biological properties
account for these potential benefits. Phytochemicals, including flavonoids found
in tea, have proven effective against chronic diseases, including colon cancer
[33].
Though research is being conducted to analyze the effect of select phytochemicals on cancer, there are a limited amount of studies that involve animal
models on herbal teas and spices. The aim of the present study was to evaluate
the chemopreventive potential of strawberry leaf, raspberry leaf, hibiscus teas
and cinnamon.
Administration of teas and spices caused a significant decrease in weight gain
and significant decrease in feed intake of rats over the 17 wk period. Research
suggests (Alarcon-Aguilar et al., 2007) the anti-obesity effect of hibiscus tea. In a
study conducted by Alarcon-Aguilar and others, administration of hibiscus to
MSG mice inhibited body weight gain in mice [34]. Cinnamon was shown to
lower liver fat in mice administered the spice [35].
Cecal weight and cecal pH have been shown to be determinants of colon cancinogenesis; with dietary fiber having the ability to modulate these factors. Acidification of intestinal lumen as a result of soluble fiber consumption causes a
decrease in pathogenic microorganisms, decreasing cancer risk. Though there
were no significant differences in cecal pH, the group fed CIN 5% had a numerically more acidic cecal pH compared to the control. Cinnamon contains 4.1 g of
fiber per serving and has been linked to colon cancer reduction [36].
Carcinogenesis is a multistage process, which consists of three stages: initiation, promotion, and progression. During the initiation stage, a normal cell experiences DNA damage [37]. As this stage progresses, the initiated cell expands;
where after the promotion stage is introduced. During this stage, the initiated
cell affects other normal cells, and causes DNA damage, leading to preneoplastic
lesions. In the final stage, progression, cancerous tumors are developed and
cancer begins to spread, leading to metastasis [38]. AOM is an effective and potent inducer of carcinomas of large intestine in both male and female rats to induce aberrant crypt foci or adenomas in animal model carcinogenesis, which is
why it is ideal for this study [39] [40] [41].
Total crypts, crypt multiplicity, and total ACF are indicative of oxidation, proliferation and inflammation; all of which are increased during the process of carcinogenesis. In the present student all treatment groups had lower crypts, ACF,
and crypt multiplicity compared to the control group. Previous studies have
shown antiproliferative, antioxidant and anti-inflammatory potential of hibiscus
and cinnamon [42]-[47].
Oxidative stress occurs when the level of prooxidants is higher than that of
antioxidants. Therefore, an increased amount of dietary antioxidants may combat oxidation via various mechanisms, including neutralization, scavenging, and
reduction of free radicals; leading to a reduction in disease risk. Endogenous
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oxidation defense systems aid in reducing negative effects from free radicals.
Enzymes within this system include SOD, GPX, and CAT. SOD rids the body of
the superoxide radical to form hydrogen peroxide and water. CAT and GPX
eliminates hydrogen peroxide to from water and molecular oxygen [48]. The
highest SOD activity was seen in rats administered STW + CIN2. Similarly, in a
previous study cinnamon and cardamom were shown to induce SOD activity in
rats [49]; cinnamon extracts also increased SOD activity in carbon tetrachloride
induced rats [50].
The highest CAT activity was seen in rats administered HIB 2%. In a previous
study, juice extracted from hibiscus increased CAT activity in AOM induced rats
[51].
Glutathione (GSH) is an antioxidant that is conjugated to xenobiotics, ultimately increasing excretion of the xenobiotic. GST is a Phase II enzyme that
conjugates GSH to xenobiotics for detoxification. In the present study, glutathione levels were increased in the treatment groups, while the highest glutathione level was observed in the STW + CIN2 group. Previous studies have
shown the enhancement in activity and higher levels of GST, GSH and other antioxidants in animals administered cinnamon and leafy herbal teas; may lead to a
decreased risk of chronic diseases such as cancer [52] [53]. In a study conducted
by Hung et al. (2006), aqueous extracts of Du-Zhong leaves were seen to induce
activities of a number of hepatic antioxidant enzymes , including GPX and GST
[54].
The phase I and phase II biotransformation system is the main mechanism of
detoxification of xenobiotics in the body. The phase II system prepares xenobiotics for excretion by increasing water solubility of the xenobiotic. Enzymes
within the biotransformation system are induced based on need (increased toxins), or by the action of mono-functional or multi-functional inducers [55]. As
the name suggests, mono-functional inducers increase the activity of phase I or
phase II enzymes, while multi-functional inducers may induce both [55]. In a
previous study, various herbal teas were evaluated for their effect on phase I and
phase II enzymes in liver of rats. Animals administered dandelion tea had a significant increase in UDP-glucuronosyl transferase, a phase II enzyme. In that
same study, the activity of some phase I enzymes was decreased by the administration of herbal teas [56]. In the present study, activities of hepatic detoxifying
enzymes and antioxidants were increased, suggesting that phytochemicals present within the teas and spices may be inducers of phase II activity. These results
align with results from a previous study conducted by Willis et al. (2016), where
bitter melon and blueberry leafy herbal teas increased activities of GST, CAT,
and SOD [57].

5. Conclusions
Traditional and herbal teas have been used for centuries to treat a wide range of
ailments. Traditional teas are derived from the tea plant, while herbal teas are
derived from other plants. Herbal teas and spices have been seen to be abundant
sources of phytochemicals, with increasing popularity in the US market. Though
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there are many reports on the anti-cancer effect of traditional teas, there are few
reports on the chemopreventive potential of herbal teas including strawberry
leaf, raspberry leaf and hibiscus teas. In the present study the chemopreventive
potential of teas and spices was evaluated in an AOM-induced rat model.
The evidence provided in this study suggests a link between increased selected
herbal tea and spice consumption and reduced occurrence of ACF. With further
research, it may be proven that a diet with an increased amount of selected herbal teas and spices may help to prevent colon cancer. The levels of oxidative
stress related enzymes suggest beneficial effects
Our results indicate that strawberry leaf, raspberry leaf, hibiscus, and cinnamon exhibit chemopreventive potential again colon cancer in an azoxymethaneinduced animal model.
With the rise in the incidence of chronic diseases, the food industry has increased its focus on food products with health benefits. There is definitely a need
for more research in the area of underutilized plant teas in the prevention of
other chronic diseases.
Human clinical trials will be needed to determine this and provide public
health recommendations.
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