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Abstract

Background: Colorectal cancer (CRC) is the most frequent
type of gastrointestinal cancer. The present study explores

role of wheatgrass and zinc as preventive therapy.

Setting and Design: Forty-eight male rats divided into eight
groups were given, diet with 1,2 Dimethylhydrazine (DMH),
Zinc, wheatgrass, wheatgrass + zinc, DMH with zinc, DMH
with wheatgrass, and DMH with a combination of zinc and
wheatgrass. One group served as control. Protein expressions
of p53, B-cell lymphoma-2 (Bcl-2), BCL2 Associated X
(Bax) and adenomatous polyposis coli (APC) proteins were

investigated using immunohistochemistry.

Results: Administration of DMH led to increased protein
expression of p53 and Bcl-2 and reduced expression of APC
and Bax. Zinc and wheatgrass supplementation was found to
decrease Bcl-2 and p53 expression and increase expression

of Bax and APC proteins.

Conclusion: Study demonstrated that zinc and wheatgrass
in combination are effective in bringing about a delay in the
chain of molecular events leading to onset and progression
of DMH-induced colon carcinogenesis in experimental
rats. Results point towards possible use of chemo preventive

regimens as an adjunct treatment in CRC.
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Introduction

Unchecked division of abnormal cells characterizes cancer, when
it occurs in the colon or rectum, it is called CRC [1]. In Western
Countries quarter of deaths due to cancer [2]. Colon cancer
ranks second as a cause of cancer deaths in the United States
itself when men and women are combined [3]. People with low
socioeconomic status (SES) have higher rates of incidence for
CRC [4]. Within Asia, wide variations are seen in the incidence
rates of CRC. It was found to be uniformly low in all south Asian
countries and much higher in all developed Asian countries [5].
Colon cancer prevention integrates lifestyle factors and multistep
genetic alterations [6]. The sporadic Colorectal tumors originate
mostly from polyps or premalignant precursor lesions eventually
progressing to clinically relevant tumors [6]. The sequence of
events for this progression rests on mutation on APC protein
and TP53 genes [6]. Apart from these, it is involving DNA repair
or mismatch repair genes (MSH2, MLH1, PMS1, PMS2, and
MSHS6), the proto-oncogene K-ras (Kirsten-ras), DCC protein
(deleted in CRC) [7]. BAX/BAK activation leads to apoptosis,
and high levels of BCL-XL are found in CRC lesions, thus making

it a prime interest target for cancer treatment [7-8].

Wheatgrass, barley grass, alfa-alfa cereal grasses have documented
effects on boosting health and vitality [9]. Wheatgrass extract is
also known to inhibit carcinogenesis [11]. This cereal grass is
rich in chlorophyll, vitamins and enzymes, contains more than
60% chlorophyll, an active factor [10]. Some proponents claim
that the Wheatgrass has an inhibiting effect on the proliferation
of oral cancer cell lines and also it strengthens the immune
system [12-13]. Zinc can induce apoptosis of human melanoma
cells while increasing intracellular ROS and modulating
p53 and FASL protein expression and also showed that zinc

concentrations ranging from 33.7 uM to 75 uM Zn2+ induced

Polyposis Coli)’, “Bcl-2 (B-cell lymphoma-2)”, “EDTA
(Ethylenediaminetetracetic acid)”, “FaSL (Fas ligand)’,
K-ras (Kirsten-ras)”, “uM-
SD (Sprague Dawley)”.

» «

“IHC(Immunohistochemistry)”,

» <«

Micromolar”,

apoptosis in the human melanoma cell line WM 266-4 [14].
Bax/Bcl-2 ratio expression is a prognostic marker in colorectal
tumors compared to expression levels of Bax and/or Bcl-2 genes
alone [15]. Expression pattern of p53, Bcl-2, and Annexin V in
human CRC pre and post neo adjuvant FOLFOX chemotherapy
showed that these contribute to apoptotic activities [16]. It is
implicated in the activation and structural stabilization of p53,
and in the caspase family of proteases activation, both having
role in apoptosis [17]. Zinc deficiency promotes tumorigenesis
in both the small intestine and colon [18]. Although zinc is a
widely explored micronutrient, the dietary benefits of wheatgrass
remain unexplored. No work has yet been done to study the
antioxidant properties of wheatgrass and the combined effect of
zinc & wheatgrass on the prevention of colon cancer. The role of
wheatgrass as an alternative therapy in colon cancer needs to be
explored in an experimental model before it is recommended for

clinical use.

Moreover, there is the possibility of exploring the probable role
of wheatgrass and zinc prophylactic therapy in delaying the
initiation of events of colon tumor development, by controlling
expressions of proteins involved in the apoptotic pathway. This

study aimed at providing this initial evidence.
Animals

Male SD (Sprague Dawley) rats weighing 220-270g were used
in this investigation, and they were acclimatised for one week
before the start of experiments. Kept in polypropylene cages
under standard conditions, rats were maintained as per the
guidelines of the ethical committee of animal care of the Institute

and following Indian laws.

Experimental design:
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Table 1: Forty-eight male SD rats were divided equally into the following eight experimental groups and were given standard diets

Groups Intervention Dose schedule
Group 1 o . : , :
Standard laboratory feed, water ad libitum During the period of experimentation
(Control)
Group2 DMH in 1mM EDTA-saline dose of 30mg/kg L
i Weekly injection of DMH for 16 weeks.
(DMH) body weight. (19)
- 3 DMH in 1mM EDTA- saline dose of 30mg/ | Weekly injection of DMH for 16 weeks. Zn dose
rou
(DMI?I Zn) kg body weight + 227mg/1 of Zn (zinc sulfate | was started 15 days before the first injection of
+Zn
(20) in drinking water DMH.
- " DMH in ImM EDTA-saline dose of 30mg/ | Weekly injection of DMH for 16 weeks and WG
rou
P kg body wt. + 100mg/kg body wt. of WG in | given orally daily and was started 15 days before
(DMH+WG) . o
drinking water. DMH injection.
- 5 DMH in ImM EDTA-saline dose of 30mg/kg | Weekly injection of DMH for 16 weeks. WG
rou
P body wt. + Zn (227mg/l) + WG (100mg/kg | and Zn dose was started 15 days before the first
(DMH+WG+Zn) .
body wt). injection of DMH.
Group6 . _ .
Zn (227mg/) in drinking water. Daily Zn alone for 16 weeks.
(Zn alone)
Group7 Tablets of WG (100mg/kg body wt.) in ) )
L Daily WG alone was given orally, for 16 weeks
(WG alone) drinking water.
. Daily WG and Zn were given for 16 weeks. This
Group 8 Tablets of WG (100mg/kg body wt.) daily. + L
o dose was started 15 days before the first injection
(Zn+ WG) Zn (227mg/1) in drinking water
of DMH
p53 Pathway and Apoptotic Studies Scoring of Immunostaining:

The role of wheatgrass and zinc in protein expressions of p53 and A scoring system was followed for Immunohistochemistry, based
apoptotic pathway was studied by using immunohistochemistry  on previous study(21). The percentage positivity of tumour cells
(IHC). The antibody is used in low dilution in IHC & one needs showing positive immunostaining and the intensity score as
only paraffin fixed tissue of the target area. It is advantageous follows:

over western blotting (WB) as higher dilution used in WB may

sometimes result in non-detection of protein of interest.

Table 2: (a) scoring of Immunostaining

Score 0 1 2 3 4
Nuclear
Postive <10% 10-25% 25-50% 50-75% >75%
Cells
Cytoplasmic

Negative Few Nuclei | 10% 10-50 % >50%
Positive Cells
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Table 2(b): Intensity score

Intensity Score 1

2 3

Intensity Staining Weak Staining

Moderate Staining | Strong Staining

IHC Score (H) = % age positivity (P) X Intensity Score (S)
The THC Score ranged from 0-12 units

Scoring of Immunohistochemistry was done by the scoring
system. The percentage positivity of tumor cells showing positive

immunostaining was recorded.
Statistical Analysis

scoring system All data were tabulated as a number, percentage,

and Immunohistochemistry was done using a.
Results

Immunohistochemistry of P53-in case of control and treated
groups following 16 weeks of DMH treatment

Sections of normal and tumor areas were stained with a
polyclonal antibody directed against p53. p53 immunoreactivity
was not observed in normal colonic crypt cells of rats from any
of the four groups (group 1, 6, 7 & 8) and THC score=0 (Table 3).

Although there was considerable variability in staining seen with
the individual antibodies (Abcam laboratories, Thermo scientific,
Genex bio) (Figure la-f). The staining was confined to the nuclei
ofthe neoplastic cells and no cytoplasmic staining was detected by
any of the monoclonal antibodies (Dako laboratories) used. The
staining within the tumour nuclei was homogeneous and evenly
distributed, although sometimes with an accentuation around the
nuclear membrane as seen in the DMH group in which p53 was
highly expressed (IHC score= 9). Very weak nuclear expression
was seen in zinc and wheatgrass supplemented groups along
with DMH treatment. However, nuclear negativity was observed
with a combined supplementation of zinc and wheatgrass to
DMH-treated rats as apoptosis increased in these groups. It was
scored as positive when at least 10% of the tumour nuclei showed
positivity. Using this criterion, 4 out of 6 animals were found
to be immunohistochemically positive for p53 protein in the
DMH group and two animals showed weak nuclear positivity.
Zinc and wheatgrass individual supplementation along with
DMH showed weak nuclear positivity as very few cells were
found positive (IHC sore=2). Synergistic ingestion of zinc and

wheatgrass showed negative nuclear staining (IHC score=1).

Figure 1: Represents the immunohistochemical staining of p53 in colon tissue of a) Control animals showing negative

nuclear staining. b) DMH group showing highly expressed p53 nuclear positivity. c) DMH+Zn group showing weak

nuclear positivity. d) DMH+WG group showing weak nuclear positivity. e) DMH+Zn+WG group showing negative nuclear

staining. f) Zn+WG group showing negative nuclear staining (X 20). DMH: Dimethylhydrazine, WG: Wheatgrass, Zn: Zinc
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Immunohistochemistry of APC-in case of control and
treated groups following 16 weeks of DMH treatment

APC protein was scored as positive when at least 10% of the
tumour nuclei showed positivity. Using this criterion, 1 out of
6 animals were found to be immunohistochemically positive for
APC protein in the DMH group and 5 animals showed weak
nuclear positivity. As shown in (Fig 2) moderate nuclear staining
was found in the control group (IHC score=2) as compared
to the DMH group where APC was found weakly expressed

as less than 10 nuclei were found positive (IHC score=1).
However, levels of APC expression were regulated with zinc and
wheatgrass supplementation as their expression became better
in these groups and IHC scores increased to 2 in each case (Fig
2a-f). Zinc and wheatgrass when ingested alone showed weak
expression of APC as compared to the control group. But when
they were given in combination, synergistic action showed better
results, and nuclear staining was almost found to be better than
in the DMH group (IHC score=2) which confirmed the increased
expression of APC in group5(Table 3).

Figure 2: Represents the immunohistochemical staining of APC in colon tissue of a) Control animals showing

moderate nuclear staining. b) DMH group showing negative nuclear staining. c) DMH+Zn group showing weak

nuclear positivity, expression increased as compared to DMH. d) DMH+WG group showing weak nuclear positivity,

expression was more nuclear positive than DMH+Zn. e) DMH+Zn+WG group showing moderate nuclear positivity. f)

Zn+WG group showing staining similar to control (X 20). DMH: Dimethylhydrazine, WG: Wheatgrass, Zn: Zinc
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Immunohistochemistry of Bax- in case of control and
treated groups following 16 weeks of DMH treatment

Apoptosis-related genes ate subcategorized into proapoptosis
genes and anti-apoptosis genes. Bcl-2 represses apoptosis, while

Bax promotes apoptosis.

According to results, expression was scored as positive
when at least 10% of the cells showed cytoplasmic positivity
(Table 3). Using this criterion, all animals were found to be
immunohistochemically positive for Bax protein in control.
Only 2 animals showed weak cytoplasmic positivity in the DMH
group. Control was found moderately positive as Bax showed

cytoplasmic positivity in control as IHC score was 4 (Fig 3a-f).
Expression was negative in the DMH group as no cytoplasmic
staining was observed which confirmed the negative expression
of Bax protein in this group). Weak positivity was observed
in zinc and wheatgrass supplemented group (IHC score was 1
as weak cytoplasmic staining was observed). When zinc and
wheatgrass were given in combination, strong cytoplasmic
positivity was seen as IHC score increased to 4 as compared to the
DMH group indicating the increased level of Bax protein. Thus,
Cytoplasmic positivity was found similar to control rats in zinc
and wheatgrass treated groups. These results indicated that the

expression of Bax may have a role in intestinal adenocarcinoma.

Figure 3: Represents the immunohistochemical staining of Bax in colon tissue of a) control animals showing

moderate cytoplasmic positivity. b) DMH group showing negative cytoplasmic staining. ¢) DMH+Zn group

showing weak cytoplasmic positivity. d) DMH+WG group showing weak cytoplasmic positivity. e) DMH+Zn+WG

group showing moderate cytoplasmic positivity, comparable to control. f) Zn+WG group showing moderate

cytoplasmic positivity (X 20). DMH: Dimethylhydrazine, Zn: Zinc, WG: Wheatgrass
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Immunohistochemistry of Bcl2- in case of control and treated
groups following 16 weeks of DMH treatment

The nuclear envelope or cell membrane and endoplasm contained
Bcl-2 protein. Although the base of crypts in the normal small
intestine expressed more Bcl-2, it was sometimes also present in
the epithelial cells present on the surface. Bcl-2 could be detected
extensively carcinoma cells nuclear envelope, and cell membrane
but in comparison with protein Bax the intensity was relatively

lower.

Expression was scored as positive when at least 10% of the cells

showed cytoplasmic positivity (table 3). Using this criterion, only

1 animal was found to be immunohistochemically positive for
Bcl2 protein in control. 4 out of 6 animals showed very weak

cytoplasmic positivity in the DMH group (Figure 4a-f).

Bcl2 showed cytoplasmic negativity in the control group
whereas positive expression was higher in colon changes
induced by DMH. The cytoplasmic positivity was weak in zinc
and wheatgrass supplemented groups (IHC score= 1) as Bcl2
expression was weak. It was also observed that expression was
downregulated and only 1 animal showed weak cytoplasmic
positivity on combined ingestion of zinc and wheatgrass. No

change was found when normal rats were supplemented with

zinc and wheatgrass without any carcinogen.

Figure 4: Represents the immunohistochemical staining of Bcl2 in colon tissue of a) control animals showing negative

cytoplasmic staining. b) DMH group showing weak cytoplasmic positive staining. Endothelial &lymphoid stained positive

with no endothelial positivity. ¢) DMH+Zn group showing weak cytoplasmic positivity. d) DMH+WG group showing

weak cytoplasmic positivity. e) DMH+Zn+WG group showing moderate cytoplasmic positivity, comparable to control.

f) Zn+WG group showing negative cytoplasmic staining (X 20). DMH: Dimethylhydrazine, Zn: Zinc, WG: Wheatgrass
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Table 3: Effect of supplementation of wheatgrass and zinc on expression of p53, APC, Bax, BCI2 protein in colon of rats(n=6) in experiment

Control DMH DMH+Zn | DMH+WG | DMH+WG+Zn | Zn WG Zn+ WG
Group 1 Group 2 | Group 3 Group 4 Group 5 Group 6 | Group 7 | Group 8
(N=6) (N=6) (N=6) (N=6) (N=6) (N=6) (N=6) | (N=6)
Nuclear
Positivity
0 3 2 2 1 0 0 0
score
(p53)
Nuclear
positivity Score 2 1 1 1 2 2 2 2
(APC)
Cytoplasmic
positivity score 0 2 2 1 0 0 0 0
(BCI2)
Cytoplasmic
positivity score 2 0 1 1 2 2 2 2
(Bax)
Intensity
Score
0,1,0,2 1,1,1,1 1,2,1,1 1,2,1,1 1,1,1,2 0,1,1,2 0,1,1,2 0,1,1,2
(p53), APC,
BCI2, Bax
IHC Score
(P53), APC, 0,2,0,4 9,1,2,0 2,2,1,1 2,2,1,1 1,2,0,4 0,2,0,4 0,2,0,4 0,2,0,4
BCl2, Bax

DMH: Dimethylhydrazine, WG: Wheatgrass, Zn: Zinc, IHC(Immunohistochemistry)

From the above results, it was apparent that zinc and wheatgrass
treatment individually as well as when given together successfully
induced apoptosis in DMH-treated rats. This effect was due
to moderation of the Bcl2 and p53 protein expression and

improving the protein expression of Bax and APC.
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Discussion

CRC is one of the leading causes of cancer death in both men
and women [2]. The role of zinc is extensively studied as it
has high antioxidant potential [22]. Although zinc is a well-
studied common nutrient, the dietary benefits of wheatgrass
remain unexplored which is a medicinally important plant.
Several different classes of compounds of pharmacological
importance such as flavonoids and chlorophyll are present in
wheatgrass extracts [23]. The present study aimed at evaluating
the potential synergistic activity of zinc and wheatgrass utilizing
immunohistochemical expression of tumour suppressor p53 and
apoptotic proteins like APC, BCI2, and Bax. Wheatgrass has a
place in the traditional medicine system for the treatment of
various ailments, with its anticancer activity reported in vitro
using cell lines like Hep2, Hela, HCT-15, and K562 without
cytotoxic potential [24-25]. It was shown that wheatgrass
extracts have Cytotoxicity and apoptosis activity, which inhibits
proliferation of leukemia cells, and induces apoptosis. It was
found a novel therapeutic approach for the treatment of Cancer
[26]. One mechanism by which zinc has protective effects is
ascribed to its collagen accumulation reducing property. The
possible mechanism could be that post-translational modulation
of p53 by zinc and wheatgrass supplementation has resulted
in induction of apoptosis, which caused moderation in cell
proliferation [27]. In the present study, DMH administration
to rats for 16 weeks resulted in 100% of tumour incidence and
tumour multiplicity in the colon of rats which is significantly high
as compared to control rats. On a molecular basis, a modified
inactive form of tumour suppressor p53 by DMH as revealed
in the expression studies could have resulted in increased cell

proliferation by causing a decline in apoptosis [28].

Immunohistochemical studies

the most important mechanism utilized by the body to remove
cancerous cells is the triggering of apoptosis via caspase cascade.
Alterations in the apoptosis process on the addition of zinc and
wheatgrass to diets of DMH-treated animals were found in the

current study.

p53

can be found in the serum of CRC [31]. Therefore, detection
of protein usually by the immune-histochemical technique
can be currently used as an indirect indicator of mutations in
p53. Overexpressed p53 protein is very common in human

malignancies. In the current study, post DMH treatment protein

expression of p53 was increased. Occasional inflammatory cells
infiltrating the tumour were also positive. The increase in p53
expression observed is a consequence of the triggering of natural
defenses of the cell against external stimuli/carcinogens [32].
However, p53 activity is kept low in normal cells as the cell cycle
is not disrupted and cells do not undergo untimely death. In the
case of DNA damage, the p53-mediated pathways are activated
leading to cell cycle arrest and repair of the DNA.P53 a tumour
suppressor is highly regulated acting as a cell-cycle blocker
that promotes apoptosis. Its expression is induced by various
stress stimuli including oncogene activation and DNA damage
[29]. The TP53 gene commonly mutated in CRC is significantly
involved in the control of the cell cycle and apoptosis [30].
Mutations in p53 are proposed to be relatively late events in
the development of colorectal tumours. Mutated TP53 is more
commonly detected early in the sera and other body fluids. DNA
containing mutations in TP53, the observed increase in the
expression of p53 (number of nuclear positive cells) is the result
of the accumulation of modified inactive form of p53 which
was unable to suppress tumour development as evidenced by
an increased tumour incidence and tumour multiplicity in the
DMH treated group. In this present study, the supplementation
of zinc and wheatgrass separately or concomitantly brought
about a significant decrease in the p53expression in tissue
samples as nuclear positivity decreased in these groups. The
observed decrease in the number of nuclear positive cells in
immunostaining of p53 might be the result of the synergistic
modulatory effect of zinc and wheatgrass on p53 to improve its
tumour suppressor activity, which was confirmed by a decline in
the tumour incidence and tumor multiplicity in these groups. P53
induced cell cycle arrest, via its influence downstream effectors
of transcription, gives the ability to cells to repair genomic
damage before critical stages of DNA synthesis and mitosis [33].
The functional conformation of the p53 protein is affected by
zinc and the addition of zinc mediates the reversion to wild-type
p53 [34]. On further addition of metal-chelating reagents reverts

conformational change from wild type to the mutant of p53.

APC

In the present study, about 4 out of 6 animals showed a reduction
in APC expression in the tissue of DMH treated rats was found
suggesting that APC expression decreases during the shift from
normal epithelium to carcinoma. Similar to our findings, [35]
reported reduced APC expression in 34.7 % of the tumor tissues.
[36] However, reported 83 % of colon cancer had a loss of APC

expression.
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Apoptotic proteins: Bcl-2 and Bax

Certain genes control apoptosis acting as death switches. The
most essential regulator is the Bcl-2 gene family reported in
neoplasms of breast, prostate, and thyroid carcinoma, and small-
cell and large-cell carcinoma [37]. Among apoptosis-related
proteins, Bax was the first protein isolated and it had homology
(throughout two highly conserved regions) with Bcl-2 [38]. In the
present study, the Bcl-2 protein expression showed a significant
increase while that of Bax showed a significant expression
decrease in the DMH treated rat colons. B¢l2 is an anti-apoptotic
protein [29], its expression increase indicates declined apoptosis.
Bax acts as a critical checkpoint in the process of apoptosis in
epithelial cells and is crucial regarding oncogenesis and cancer
therapy [39]. It has been reported that the majority of tumours
were Bax- expression dominated and with weak positivity of
both Bcl-2 and Bcl-xL. This is in contrast to a study in which
overexpression of all the three proteins has been reported [40].
Zinc and wheatgrass treatments individually, as well as given,
concomitantly were successful in inducing apoptosis in DMH
treated rats by controlling the expression of Bcl2 and Bax protein.
On treatment with zinc and wheatgrass, there was an escalation
of Bax expression and reduction in Bcl-2 expression as compared
to the DMH group. The primary reason is the stabilization of
the active tumour suppressor form of p53. Secondly, these
nutrients have also been reported to contribute towards the
maintenance of genome stability [17] and chromatin remodeling
encompassing events that play an important role in cancer
progression [41]. Fermented wheat aleurone layer was detected
beneficial subfraction, with fermentation metabolites inducing

apoptosis in human colon adenocarcinoma cell lines [42].

In the present study, it is demonstrated that supplementing
zinc and wheatgrass synergistically can induce apoptosis by
preserving the Bcl2-to-Bax ratio in rapidly proliferating cells.
Considering the growing evidence for the chemopreventive
action of wheatgrass and dietary chlorophyll, the lack of evidence
uncovering insights into chlorophyll as a chemoprotective
agent is surprising. It is imperative to continue molecular and
biochemical level investigations compiling a database of foods
high in phytochemicals. Wheatgrass also has similar antioxidant
potential as zinc in maintaining the ultra-structural balances of
the rat colon subjected to DMH treatment.

Therefore, the primary goal of this study was to determine

whether the synergistic ingestion of zinc and wheatgrass could

prevent tumour formation. As 70% of microvilli was found to
be intact in this group with minimal cellular changes. The intact
mitochondria structure also provides cytological evidence of
efficient p53 as inactive p53 leads to premature mitochondrial
senescence [43]. This can provide evidence that zinc and
wheatgrass may have chemopreventive potential against CRC by

maintaining cellular integrity.
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