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Abstract

Background: Even though Cisplatin (Cis) is known to be organotoxic, it is used in neoplastic chemotherapy. In skeletal muscles,
the toxic effect manifests as atrophy.

Objectives: The tea grape extract (TGE) is a sort of whortleberry that has various physiological effects including prevention of chem-
ically induced cellular insults. Therefore, we examined if the TGE has a protective effect against the Cis induced skeletal muscle
atrophy.

Methods: Female Sprague-Dawley rats were used in this animal experimental study. Rats were allocated into different study groups,
each with eight members. The groups comprised control, solvent control, 200 mg TGE, Cis, Cis + 100 mg TGE, and Cis + 200 mg TGE.
Results: The mean fiber area of the skeletal muscle (MFASM) decreased significantly in the Cis group in comparison to the control
group (P = 0.01). MFASM showed similarities between the Cis + TGE 200 and control groups (P> 0.05, P = 0.418). Similarities were
also observed for MFASM between the Cis + 100 mg TGE and Cis + 200 mg TGE groups (P> 0.05, P=0.891). The mean serum calcium

level in the Cis group (10.26 &= 0.29) was significantly higher in TGE 100 (9.13 £ 0.11) and TGE 200 groups (9.21 £ 0.13).
Conclusions: It is concluded that the tea grape extract has a protective effect on Cis-induced toxicity of the skeletal muscles.
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1. Background

Cisplatin (Cis) is used as an antineoplastic drug in
chemotherapy. It has toxic effects in numerous organs.
This toxic effect limits the therapeutic efficacy. Even
though the mechanism of organ toxicity is not clear, it has
been reported that the oxidative damage (1) might be re-
lated to inflammation and cellular apoptosis (2). It has
been demonstrated that Cis, acting through impairment
of the Akt pathway, behaved as a potent trigger for atrophy
via the ubiquitin-proteasome and autophagy lysosome sys-
tems (3, 4).

Platinum-containing drugs, such as Cisplatin, are
chemotherapeutic agents thatare known to induce weight
and muscle mass loss. Cisplatin is part of standard care
in the treatment of various cancers, including lung, head,
neck, ovarian, testicular, and bladder cancers; preventing

DNA replication by diverse mechanisms (5). The loss of
muscle mass and function during treatment with Cis is a
result of interference with multiple enzymatic pathways
including protein synthesis (6).

One of the most common side effects of Cis use is mus-
cle fatigue, which may result from muscular damage, the
exact mechanism of which remains undetermined (7, 8).
In addition, during the treatment with Cis, the disease it-
self and inactivity of the patient together lead to catabolic
events in the skeleton, causing severe atrophy and increas-
ing morbidity (9-13). These adverse effects limit the clinical
use of Cisplatin and similar drugs (14). New agents or sup-
porting products are required to counter these adverse ef-
fects (15).

Skeletal muscles (SM) are tissues consisting of my-
ofibril proteins. SM renovates the protein bundles and
exhausted organelles such as mitochondria and sar-
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coplasmic reticulum in order to maintain an efficient
metabolism (16). Starvation, aging, anorexia, or several
toxic or inflammatory disorders have been shown to
activate the excessive catabolism in muscles that exerts
progressive atrophy (3, 4, 16, 17). Besides, Ca** plays a
vital role in the conduction of skeletal muscle function.
Excessive intracellular free Ca** disturbs the muscular
working power, causing deterioration of the normal func-
tion. This is mainly due to aging, inactivity, and loosely
related muscle toxicity (18-20). The impairment of Ca**
homeostasis, as a result of myotoxicity of the drug, may
cause some pathophysiological events to occur; however,
the precise cause remains unidentified (21).

Whortleberry, Vaccinium myrtillus, is a species of the Er-
icaceous family, which is the source of TGE (22). TGE is a
promising medication due to its high anthocyanin like red
currant(22,23). Even though whortleberry extract has anti-
neoplastic, anti-inflammatory, and neuroprotective effects
in rats, its effect on muscles is unknown (24). The potent
antioxidant property of whortleberry has been shown to
correlate with protection against drug-induced toxicity in
cardiomyocytes (25).

2. Objectives

In cancer prevention and treatment, alternative care
with supplements is on the increase. Although the effects
of food supplements in cancer treatment have notyet been
fully elucidated, previous studies have shown that anti-
inflammatory and antioxidant effects of these agents con-
tribute to enhancing the well-being of patients by reduc-
ing the potential adverse effects of drugs used in clinical
therapy (26-28).

Therefore, in this study, we aimed to investigate the
potential protective effects of the tea grape extract on
Cisplatin-induced muscle atrophy in rats.

3. Methods

3.1. Animal Study

In this animal experimental study, 48 adult Spraque-
Dawley female rats (about three months of age and weigh-
ing 250 100 g) were reared in the Recep Tayyip Erdogan
University’s Animal Care and Research Unit facility in Rize,
Turkey in 2016. The animals were allocated into 6 groups
of 8 at random (Table 1). The rats were housed in clean
polypropylene cages with eight animals per cage (29). Dur-
ing the experimental period, all rats were provided with
pellets containing 21% crude protein (Purina; Nestle Pu-
rina PetCare Company, St Louis, MO) and drinking water.

The animals were cared for according to the criteria out-
lined in the guide for the care and use of laboratory an-
imals prepared by the National Academy of Sciences and
published by the National Institutes of Health. The animal
experimental study was approved by the Recep Tayyip Er-
dogan University Institutional Animal Ethical Committee
(Approval number: 2016/32).

Table 1. Experimental Groups (n = 8/group)®

Groups Treatment

1 Not applicable

2 Sham (distilled water + ethanol)
3 TGE 200 mg

4 Cis

5 Cis+TGE100 mg

6 Cis +TGE 200 mg

* Group 1; This Group Was Not Injected with Medication. Group 2; Sham Con-
trol Group Containing Distilled Water and Ethanol. Group 3; TGE Control
Group Received Only Intraperitoneal Injection of 200 mg/kg, Distilled Water
and Ethanol. Group 4; Single Dose Cisplatin Application Group Was Given Only
Intraperitoneal 16 mg/kg Single Dose Cis. Group 5;16 mg/kg Cis and 100 mg/kg
Tea Grape Extract (TGE) Group Were Determined. Group 6;16 mg/kg Cisand 200
mg/kg TGE Group.

3.2. Drug Preparation and Experimental Protocols

The TGE herbal liquids (Health Aid, UK), containing 330
mg of TGE per mL of ethanol and distilled water as a nu-
tritional supplement, was diluted in ethanol and distilled
water to 50 mg/mL.

3.3. Intervention Methods in the Study

All drug administrations were in the form of intraperi-
toneal (IP) injections. Cis (16 mg/kg) (Cis DBL100 mg [ 100
mL vial, Orna Ilac, Istanbul) was administered, where in-
dicated, as a single injection on the 5th day. Group 1 (con-
trol group) received no medication. Group 2 (solvent con-
trol/sham group) was given TGE solvent only, which is dis-
tilled water and ethanol for eight days. Group 3 (TGE 200
mg) received 200 mg/kg TGE per day for eight days

Group 4 (Cis group) received Cis only. Group 5 (Cis +
100 mg TGE group) was administered Cis and 100 mg/kg
TGE per day for eight days. Group 6 (Cis + 200 mg TGE
group) was administered Cis and 200 mg/kg TGE/day for
eight days. All animals were euthanized under anesthe-
sia at the end of the experiment. All rats were anes-
thetized with 50 mg/kg Ketamine hydrochloride (Keta-
lar®, Eczacibasi Parke-Davis, Istanbul, Turkey) and 10
mg/kg Xylazine HCIIP (Alfazyne®, Alfasan International BV
Woerden, Holland). All chemicals were from Sigma Chem-
ical Co. and Merck, (Germany) unless otherwise stated.
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3.4. Histological Analysis

The Quadriceps muscle was removed from all animals.
The length of the muscle was measured and the mid-point
was identified, where SM tissue samples were taken. The
SM tissues were fixed in 10% neutral formaldehyde. After
72 hours, the tissue blocks were subjected to dehydration
in an increased alcohol series, clearing through a xylene
series, immersion in liquid paraffin, and embedding in
paraffin blocks. From the paraffin blocks of each rat, four
5-pum serial sections with intervals of 50 4M were taken us-
ing a microtome (Leica RM2125RT, Nussloch, Germany).

The sections were then deparaffinized, rehydrated, and
stained with Hematoxylin and Eosin (H&E) in accordance
with standard protocols followed by photography with
a camera attached to a light microscope (Nikon Eclipse
E600, Japan). The same illumination settings were used for
photographyin order to permit comparative evaluation by
a histologist.

3.5. Biochemical Processes

Blood samples (3.0 mL) were taken from the left ventri-
cle of the animals for the measurement of electrolytes such
as Ca using a standard auto-analyzer (Architect c16000 Au-
toanalyzer, Abbott Diagnostics, Waltham, Massachusetts,
USA). Normal Ca level 9.1 - 15.1 mg/dL in Spraque-Dawley
rats. The Ca levels in the control group were as reported
elsewhere (29).

3.6. Quantitative Analysis

The SM areas were calculated using the Olympus DP2-
BSW system (Ver.2.1to Ver.2.2, Build 6212, Tokyo, Japan). This
system consists of a camera attached to a light microscope
and a computer with the relevant software. The sectional
boundaries of the H&E stained sections were determined
and the separate frames were identified by a histologist.
The results were expressed as (/M?.

3.7. Statistical Analysis

Biochemical and quantitative data analysis was per-
formed using IBM SPSS Statistics for Windows, version 21.0
(IBM Corp., Armonk, N.Y., USA). Descriptive data were pre-
sented as means * standard deviation. Since the data
showed a normal distribution after Shapiro-Wilk and Lev-
ene’s test, ANOVA was used in order to detect any relation-
ship between the means of serum Ca, mean area of the
skeletal muscle in the experimental, and control groups.
APvalue of < 0.05 was considered statistically significant.
Duncan’s test was used as a post-hoc test in order to iden-
tify differences between groups.
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4. Results

In the SM tissues of the control, sham, and TGE 200 mg
groups, the structure of the myofibrils was normal (Fig-
ure 1A). A total of 200mg TGE did not cause any patholog-
ical changes (Figures 1B and 1C). Cis induces progressive
fibrosis and atrophy, muscular atrophy, and intense sub-
stitution of the parenchyma by fibrous tissue in the SM.
In the Cis group, fibrosis was indicated by the concomi-
tant collagen deposition. The atrophic myofibril area and
the contractile proteins that they contain decreased (Fig-
ure 1D). The integrity of the SM tissue was normal in the Cis
+100 mg TGE group. The intensity of atrophic myofibers
decreased more than those in the Cis group (Figure 1E).
The general structure of the SM tissue of the Cis + 200 mg
TGE group was normal. The myofibers and their contractile
proteins had normal structures (Figure 1F). Assessments of
fiber area (uM?) of SM tissues of all groups are presented
in Table 2. The mean of the fiber area of the SM decreased
significantly in the Cis group when compared to control
group (P = 0.01). The mean areas of fibers were similar in
the sham and TGE 200 mg groups (P > 0.05), which were
respectively, P=0.730 and P=0.831. Mean fiber areas of rats
showed similarities in the Cis + TGE 200 mg and control
groups (P> 0.05,P=0.418). Similarities were also observed
in the mean fiber areas in the Cis + TGE 100 mg and Cis +
TGE 200 mg groups (P> 0.05, P = 0.891). Fiber area (uM?)
box-plot graphs are presented in Figure 2.

Table 2. Assessments of Fiber Area (1zM?) of Skeletal Muscle Tissues®

Groups Fiber Area, mean =+ SD
Control 1559,80 =+ 196.71°
Sham 1460.01 + 153.15”
TGE200 mg 1473.63 £ 61.33¢

Cis 118118 + 102,97

Cis + TGE100 mg 1347.03 £ 73.03"¢
Cis +TGE200 mg 142336 + 97,76%¢

Abbreviations: Cis, Cisplatin; TGE, Tea Grape extract.

 The Mean of the Fiber Area of Cis Group When Compared to Control Group (P
=0.01). Sham and TGE 200 mg Groups (P=0.730). Cis + TGE 200 mg and Control
Groups (P =0,418). Cis + TGE 100 mg and Cis + TGE 200 mg Groups (P = 0.891).

b p < 0.05 (vs. Cis).

€ P> 0.05 (vs. control).

9P > 0.05 (vs. Cis + TGE100 mg).

The mean serum Ca level of all rats was 9.57 + 0.11.
The mean serum Ca level significantly differed between the
groups (P = 0.001). The lowest mean level of serum Ca
was found in the TGE-100 mg group, while the highest was
in the Cis group. After Duncan’s test, it was determined
that the significant differences be between the Cis and TGE
groups. The mean serum Ca in the Cis group (10.26 + 0.29)
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Figure 1. SM histology (H&E staining). (A) Control group with normal SM structure X 400. (B) Sham group X400, (C) TGE 200 mg group, (D) Cis group displaying muscular
atrophy with an intense substitution of the parenchyma by fibrous tissue (spiral arrow) as a result of collagen deposition X200, (E) Cis + TGE 100 mg group X 400, (F) Cis +
TGE 200 mg group. Tailed arrows indicate a decrease in the muscle fiber. The arrow shows muscle fibers with smaller diameters due to decreased contractile proteins X 400.
Abbreviations: Cis, Cisplatin; TGE, Tea Grape extract.

was significantly higher than the TGE-100 mg (9.13 = 0.11)  Calevels are presented in Figure 3.
and the TGE-200 mg groups (9.21 £ 0.13) (Table 3). The er-
ror bars indicating the 95% confidence interval of serum
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Figure 2. Box-plot of the fiber area (;4m?) of the groups. The mean of the fiber area
of the SM decreased significantly in the Cis group when compared to control group
(P=0.01). Sham and TGE 200 mg groups (P = 0.730, P = 0.831). Cis + TGE 200 mg and
control groups (P> 0.05, P =0,418). Cis + TGE 100 mg and Cis + TGE 200 mg groups
(P> 0.05,P=0.891). Abbreviations: Cis, Cisplatin; TGE, Tea Grape extract.

Table 3. Serum Ca Concentrations in mg/dL" b

Mean + SD
TGE100mg + Cis 9.3+ 030
TGE 200mg + Cis 9.214 035
Cis 10.26 + 0.71
Control 975+ 0.24

Abbreviations: Cis, Cisplatin; TGE, Tea Grape extract.

? The Mean Serum Ca level Was Significantly Different Between the Groups (P <
0.05).

" P=0.001, ANOVA test.

11,504
11,004 —_
10,501

10,001
o) :{

9,501

9,001 I

8,501

95%Cl Ca

Cis+TGE100 mg  Cis+TGE 200 mg Cis Control

Groups

Figure 3. Serum calcium levels were shown as error bars in all groups. The mean
serum Ca level significantly differed between the groups (P=0.001). Cis group (10.26
=+ 0.29), TGE-100 mg (9.13 & 0.11) and TGE-200 mg groups (9.21 & 0.13). Abbrevia-
tions: Cis, Cisplatin; TGE, Tea Grape extract.

5. Discussion

SM is one of the tissues having the highest volume
within a human body. For this reason, SM is frequently af-
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fected by toxic effect, degenerative diseases, and mechanic
injuries. Muscle atrophy might occur as a result of toxicity
induced by Cis, which is one of the anticancer medications.
Therefore, the prevention of Cis-induced muscle atrophy s
critical (6, 10, 12, 17, 21, 30). Hojman and colleagues have
shown that a dynamic lifestyle, as a result of Cis-induced
muscle loss, can reverse this negative effect, and that mus-
cle loss can be prevented in Cis treated mice (31). After a
muscular injury, there is a potential for regeneration and
remodeling, albeit incompletely. The change in shape and
function, following physical exercise and re-innervation,
are evidence of this (32).

Cis toxicity causes an increase in pro-inflammatory cy-
tokines through the creation of reactive oxygen species
and oxidative stress. These cytokines induce apoptosis
and cell damage. Reactive oxygen species damage the cell
membrane via neutrophil activation and lipid peroxida-
tion (7, 33). As a result of this process, atrophy occurs in
muscle tissue (3, 4, 14,16, 32).

In our study, an increase was observed in atrophic my-
ofibrils. The mean fiber area measurements showed a sta-
tistically significantly higher increase in the Cis + TGE 100
mg and 200 mg groups when compared to Cis only group
(P < 0.05). In addition, the Cis + TGE 200 mg group had
a significantly higher mean fiber area than the Cis + TGE
100 mg group (P> 0.05). This increase indicates the dose-
dependent protective effect of the extract on SK against Cis
toxicity.

Among the berries, the TGE has the highest level of
antioxidant effect (34). Its biological activity is related to
polyphenols like flavonoids and anthocyanin (24, 35). This
polyphenolic content creates the blue-black color of the
berry and its antioxidant effect. TGE is effective for the
treatment of inflammatory conditions and oxidative stress
as has been shown for ocular and cardiovascular disorders
(32,36, 37). This study has confirmed the previous findings
in the context of Cis induced SM atrophy. Calcium ion plays
amultitude of roles in the biological processes such as mi-
totic division. Calcium regulation disorders might result
in cell death. The increase in calcium concentration can be
better controlled via apoptosis (33, 38, 39). For this reason,
the regulation of calcium concentration is critical. Bhat
and colleagues found that Ca- induced muscle loss can be
partially replaced (40). In another study, Wagatsuma et
al., reported that immobilization induced musculoskele-
tal atrophy can be partially cured by preventing calcium
losses (41). In our study, there was an increase in Ca levels
in the study groups when compared to the control group;
however, the difference was statistically insignificant (P >
0.05). It is thought that high serum Ca levels occur due to
Cis-induced SM toxicity. In this study, the Ca levels in Cis +
TGE group decreased significantly (P < 0.05). Thus, TGE re-
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duces the Ca concentration thatis elevated as a result of Cis
toxicity (P < 0.05).

When the toxic effect of Cis on SM was histologically ex-
amined, the characteristics of SM in Cis + 100 mg TGE and
Cis +200 mg TGE groups were similar to those of the con-
trol groups, confirming protection of the tissue against Cis
toxicity.

5.1. Limitations of This Study

This was a quantitative study in which SM loss induced
by Cis use was going to be counteracted by new agents.
Therefore, indetermination of oxidant and anti-oxidant
molecular levels is a major limitation.

In conclusion, the tea grape extract prevents Cis-
induced toxicity of the skeletal muscle in a dose-
dependent manner. Therefore, the use of nutritional
supplements for the reduction of muscle atrophy caused
by chemotherapy-induced toxicity could be recom-
mended.
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