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Abstract: The aim of this study was to evaluate the plasma changes of cardiac Troponin I level {(cTnl),
Homocysteine (Hey) and the activity of Adenosine Deaminase (ADA) in the alloxan-induced diabetes mellitus
and followmg admimstration of pure Cynodon daciylon extract in the diabetic cats. Diabetes Mellitus (DM) 15
known as a metabolic disease which 1s followed by different blood and tissue complications. In this study, the
c¢Tnl, Hey and ADA activity was measured in diabetic group after 3 months administration of Cynodon
dactylon extract in three 150, 300 and 450 mg kg™ doses. The significant increase (p<0.01) in ¢Tnl, Hey and
ADA parameters m diabetic (positive control) group was determined in comparison to the control group
(negative contrel) and a significant decrease of those ones (p<0.01) in the 450 mg kg™ dose of Cynodon
dactylon in comparison to the diabetic and control group. In conclusion, firstly heart damage occurs in diabetic
cats which needs more attention to this issue in DM complications management and secondly the Cynodon
dactylon extract extremely influences the reduction of above-mentioned parameters and usage of dried powder
of Cynodon dactylon in the food of the diabetic cats may play important role in the cardiovascular health and

increasing the glucose consumption by cells.
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INTRODUCTION

Diabetes Mellitus (DM) is known as a metabolic
disease which 1s 1dentified by the
hyperglycemia in animal and human ones (Ugarte et al.,
2012). DM 1s commeon 1n cats and dogs and 1s observed
rarely in other types of the companion animals
(Herrera et ai, 2007). In the recent decades, due to
fatness, malnutrition and use of the insulin antagomsts,
DM has been become common among the animals
(Haghdoost et al., 2007). DM is considered as one of the
most effective factors in the heart diseases occurrence
and 1t could be useful to evaluate its unknown aspects in
DM management in diabetic cats.

Myofibrillar proteins such as troponin I, C and T
make reaction between actin and myosin via calcium in the
heart muscle and skeletal muscles (Fartashvand et al.,
2013). Cardiac Troponin T (¢Tnl) exists exclusively in
myocardium and possesses valuable marker in awareness
about the cardiomyocyte damage m the amimals
(O'Brien et al, 1997). Followmng the increase of
cardiomyocyte permeability, ¢Tnl releases into blood and

consistent

1s pomted out as a high-accurate biomarker for diagnosis
of the heart muscle damage and positive correlation has
clarified between high serum <¢Tnl and
cardiomyocyte damage (Collmson and Gaze, 2007,
Adams et al, 1993). Generally, several studies have
reported the changes of c¢Tnl in the ammals
(Fartashvand et ol, 2013; Leonardi et al, 2008,
Lobettia ef af., 2012) but no anyone has been reported in
cat with diabetes mellitus.

been

Adenosine is categorized as a strong essential
endogenous inhibitor of the immune system that its
suppressive effect has been determined in all cells and its
level 1s regulated by Adenosine Deaminase (ADA) (EC 3,
5, 4, 4, ADA) (Sovza et al, 2012). ADA breaks down
the adenosine and deoxy adenosine into inosine and
deoxy mosine. ADA 15 known as one of the most
essential enzymes in maturation and the differentiation of
T-cells and monocyte and also ADA activity in the T-cells
is higher than B cells (Gopi et «l, 2007). Tt worth
mentioning that ADA participates in the mechanisms
which are mvolved in dilation of the vessels and cell
proliferation and its activity increases in diseases caused
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by stimulation of the immune system like liver cirrhosis,
chronic hepatitis and liver cancer (Atakisi et al., 2006;
Aydin et al, 2010). Although, the ADA activity 1s
mndicatively reported m tuberculesis but it can alse
increase in other diseases (infectious or non-infectious)
like typhoid, sarcoidosis and chronic lymphoblastic
leukemia (Abdollahi ef ai., 2009).

Homocysteine (Hey) 18 known as sulfur-containing
amino acid which is produced following demethylation of
methionine and also has been determined that it
participates i endothelial cells damages in laboratory
animals and the cardiovascular diseases.
Hyperhomocysteinemia takes part in oxidative stress and
plays important role in pathologic effects like anemia. Tn
addition, hyperhomocysteinemia damages the endothelial
cells oxidation via multi mechamsms like: auto-oxidation,
over-production of Reactive Oxygen Species (ROS) in
platelets and producing homocysteine
(Rasool ef al., 2012; Tamura and Nasu, 2002).

In recent years, more attention has been paid
on useful effects of herbal plants in alleviation of
DM-mediated complications and metabolic disorders.
Hence, to our knowledge, evaluation of Cyrodon
dactylon extract effects as a famous herbal plant, in the
alloxan-induced diabetes mellitus has not been yet
assessed on above-mentioned parameters in cat.

thiolactone

MATERIALS AND METHODS

Preparation of Cynodon dactylon rhizome extract: The
1 kg of Cynodon dactylon was gathered from the pastures
around Urmia city and they were dried and converted to
powders and then the powder was combined by ethanol
and thereafter was extracted during 18 h. In the following,
the Ethanol (solvent) was removed (recovering process)
and the pure extract was dried in oven (60°C). The 200 g
pure extract was obtained from 1 kg rhizome which was
daily administered to diabetic cats via stomach gavage for
three months mn 150, 300 and 450 doses (ng/kg in distilled
water).

Methodology and sampling: Tn present study, 20 native
male cats (44+0.2 kg, 10-12 months) were randomly divided
mto five groups and were kept m a special place with
cages under standard and hygienic situation. Also the
environment temperature and its humidity were assigned
21-25°C and 41%, respectively. For health examination of
cats, routine clinical and para-clinical exammations were
performed (for example blood parasites examination) and
the rabies vaccine was injected along with anti-parasite
drugs (levamiscle 10 mg kg ") to all groups. After 2 weeks
adaptation, the Intravenous Glucose Tolerance Test

(IVGTT) was carried out to be sure lack of DM and after
10 days, for induction of DM, alloxan solution (tetra
hydrates sigma, Aldrich) (50 mg kg ™) in sterile distilled
water was mjected mtra-peritoneal for four groups
(positive control and three treatment diabetic groups with
150, 300 and 450 mg kg™ Cynodon dactylon extract)
(L ef al., 2000). IVGTT was performed after 3 days and
DM was confirmed by the significant mcrease of glucose.
All diabetic groups were monitored three times a day and
blood glucose was hyperglycemic
controlling. After three months, blood sampling carried
out from cephalic vein and was transferred to the
heparinized tubes and were centrifuged 6000 rpm to
preparation of plasma. ¢Tnl was determined (RA1000) by
ELISA Method (Cobas kit, Elisa). The ADA activity was
assessed using Electrochemiluminecsence Technique
(ECL). Tnsulin measurement took place using ELISA
Method (Mercodia AB, Upsala, Sweden) and finally Hey
was measured by Spectrophotometeric method (Spekoll
1500) (Parsazmoon company, Tehran, Iran).

measured for

Data statistical analysis: Statistical analysis was
accomplished i all analyses. The MeantSD and the
determination of variation between the data results were
carried out with Student’s t-test through SAS v9.1 (SAS
Institute Inc., Cary, NC, TJSA). The significance level was
specified at (p<0.01).

RESULTS AND DISCUSSION

The changes of the parameters are denoted in
Table 1 and Fig. 1-4. Remarkable increase (p<0.01) mn cTnl,
ADA and Hey in diabetic groups in comparison to the
healthy ones and sigmficant decrease (p<0.01) was
observed in the diabetic groups which were administered
different doses of the pure extract of Cynodon dactylon
{especially 450 mg kg™') in comparison to the healthy
ones.

In this study, high ADA activity was observed 1n
diabetic group and also decrease of its activity was
detected in the diabetic groups with Cynodon dactylon
extract especially in the 450 mg kg™ dose. Adenosine
plays different roles such as platelets aggregation,
regulation of blood flow and also one of most important
effects of adenosine is known as facilitator of glucose
entrance into the cell (Manjunath and Sakhare, 2009;
Yasuda ef al., 2003). Also adenosine 1s considered as one
of the strong anti-inflammatory molecule which modulates
the leukocytes function in inflammation process.
Furthermore, inhibits neutrophil-mediated
endothelial damage and modulates the mteraction of
endothelial cells with leukocytes (Thiele ef al., 2004).

adenosine
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Table 1: Alterations of plasma ¢Tnl, Hey, ADA ,Glucose, Insulin and Zn®*, among different Groups

Control Control Diabetic group Diabetic group Diabetic group
Parameters negative group positive group received 150 mg kg™! received 300 mg kg™! received 450 mg kg™!
cTnl (pgmL™) 29.4043.33 144.37+14.751 115.23+16.26 104.96+10.68 37.39+8.681
Hey (g dL™Y) 5.04+0.91 11.660.6307 9.58+1.140 9.15+£1.150 6.56+1.351
ADA (UL™YH 17.90+1.02 41.31+4.3501 27.44+2.810 23.23+4.050 16.33+1 411
Glucose (mg dL™) 118.00+6.48 307.00+24.121 194.50+£11.84 170.50£9.460 131.504+7.041
Insulin (ng ™Y 41.26+4.57 6.81+1.1207 13.25+3.850 15.57+5.440 35.91+5.88"
Zn2+ (ug dL7YH 175.9143.66 55.73£3.2001 48.75+4.480 56.22+8.580 41.62+5.711
Data are expressed as meantstandard deviation. TSignificantly different from the control group (p=<0.01)
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Fig. 1. Alterations of glucose in cats among different

groups
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Fig. 2. Alterations
different groups

of homocysteine in cats among

ADA catalyzes adenosine to mosine and causes
decreasing of adenosine concentration and enhancement
of ADA activity decreases the level of adenosine and
subsequently declines the entrance of glucose into the
cell and the result of ligh activity of ADA 1s
hyperglycemia (Heseltine et al., 1995). ADA is noticed as
an enzyme which is needed for proliferation, maturing and
differentiation of the lymphocytes (especially T cells)
(Silva et al, 2011) and also elevation of ADA activity
takes place after the inflammation diseases which occur
along with activation and proliferation of T cells. Hence,

Fig. 3: Alterations of adenosine deaminase in cats among

different groups
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Fig. 4: Alterations of cardiac troponin T in cats among
different groups

the serum level of ADA is considered as a marker of
activation of T cells (Antonioli et al., 2012). As a result,
high activity of ADA m diabetic cats demonstrates higher
T cells activity.

One of the other probable reasons of high activity of
ADA is known to be the Oxidative stress. Oxidative stress
15 accompanied with ncrease of free radicals and lipid
peroxidation along with decreasing anti-oxidant enzymes
and the role of oxidative stress in elevation of T cells and
ADA  activity has been reported in several studies
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(Sargisova et al., 2012). So, the increase of ADA activity
in diabetic cats can be related to the DM-induced
oxidative stress.

In this study, ADA activity decreased during
administration of Cynodon dactylon extract with different
doses in diabetic cats. ADA 1s an mmportant enzyme in
insulin bicavailability (Kurtul et al., 2003; Hoshino et al.,
1994) and Rutkiewicz and Gorski (1990) have reported the
reduction in ADA activity after injection of insulin in rats.
Bopp et al. (2009) have demonstrated the effects of water
extract of Syzgim cumini fruit in decreasing and even
mhibition of the ADA activity i hyperglycemic patients
and since ADA is pointed out as one of the most
important factors in hyperglycemia, so the Cynodon
dactylon extract is effective in decreasing the blood sugar
and 1ts normalization. There 1s no study about the effects
of Cynodon dactyvlon on the biochemical parameters like
glucose and ADA in the diabetic cats but Karthik and
Ravikumav (2011) have determined the effects of
Cynodon dactylon in decreasing the blood sugar 1 rats
DM and the same results were reported by
Sirasenganramya et af. (2014) alloxan-induced diabetes
mellitus in rat.

Since, gh ADA  activity impresses on
hyperglycemia and also effects of the Syzgium cumini (as
herbal plant) has been reported in decreasing of ADA
activity and even its inhibition, so it is possible that the
Cynodon dactylon extract participates in ADA decreasing
processes in diabetic cats with the same Syzgium cumini
mechamsms and/or there are unknown mechanisms which
decreases the ADA activity. Tt is worth mentioning that,
best dose of Cynodon daciylon extract n decreasing the
ADA activity and even normalizing of glucose level was
450 mg kg™ and in this dose the ADA activity reaches
the normal level of healthy cats.

One of the other probable factors in decreasing of
ADA which could be considered along with other
mechanisms, is physiologically decreasing of ADA
activity by cell. Since, DM is offered as one of the
mnportant factors m occurrence of endothelial cells
damage and the protective role of adenosme in alleviation
of damaged endothelial cells has been reported in several
studies. Hence, it is possible that for alleviating of cell
damage, high concentration of adenosine is needed and
the cell for reaching to this target, decreases the ADA
activity. Furthermore, due to positive effect of adenosine
in facilitation of glucose entrance into the cells, as a
result, the cell decreases ADA activity. In addition,
significant decline of zinc was determined durng
administration of Cynodon dactylon extract with different
doses in diabetic cats in comparison of control group
(negative group) and positive ones (diabetic group). The
relation between zinc and the immunity of cell (T cell) has

been demonstrated and its shortage causes the severe
decrease of the immune system performance of immune
cells (T lymphocyte) (Honscheid et al., 2009). In addition,
zine cation is known as essential element of ADA and is
placed in its active site and participates in catalyzing
mechanism (Cooper et al, 1997). So, there is a close
relationship between zinc and the ADA activity. Hence,
one of the other probable reasons of ADA activity
decreasing n extract receiving group could be due to
hypozincemia.

In the recent years the vast attention has been paid
on the effects of herbal plants on cardiovascular function.
One of the medical plants which are proposed as a
cardiovascular tonic and improving the operation of them
in traditional medicine of Tran is Cynodon dactylon. The
vasodilatory effect of Cynodon dactylon has been made
clear in dilation of coronary arteries. In DM due to
overproduction of free radicals, cell damage occurs and
one of vital cells that can affect with {ree radicals 1s known
cardiomyocytes. Following cardiomyocyte damages,
the cardiac Tropomn I (¢Tnl) which 1s considered
the main high sensitive biomarker in diagnosing the
cardiomyocytes damage in comparison of the Lactate
Dehydrogenase (LDH) and Creatine Kinase (CK)
significantly increase and release into blood In this
study, significant decrease of c¢Tnl in the Cyrodon
dactylon treated groups (especially 450 mg kg™ dose)
were determined in comparison of the diabetic group
(positive control) and the control ones (negative group).
There is no study in terms of Cynodon dactvlon effects
on c¢Inl alterations mn diabetic cats. But Atabek et al.
(2004) and Silvestrim ef al. (2012) showed elevation of
c¢Tnl in diabetic ketoacidosis patients and in dogs with
leishmaniosis which is in accordance with our study.
The occurred heart damage in this study can be due to
DM-mediated anemia. Following DM occurrence, anermia
and tissue hypoxia are spotted the essential specifications
of DM (Mehdi and Totto, 2009) and releasing of cardiac
troponins like serum ¢Tnl may happen in a response to
the lack of oxygen caused by ischemia which can damage
myocardium in diabetic groups. Few studies have been
performed in respect of herbal medicine impacts on ¢Tnl
decrease but can refer to Saravanan et al. (2013) who have
reported the positive effect of the Amaranthus viridis
Linn plant extract m decreasing of serum c¢Tnl in
1schemic rats and attributed to its protective effect on the
myocardium function which i1s in accordance with present
study. In this study following the use of Cynodon
dactylon thizomes especially at 450 mg kg™ dose in
diabetic cats, significant decrease of serum cTnl was
observed. In traditional medicine the very positive effect
of Cynodon dactylon on cardiovascular health has been
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reported (Garjani et al., 2009). The useful effects of the
Cynodon dactylon in  decreasing of myocardium
hypertrophy, improving the heart performance, positive
lonotropic  specification and the increase of the
contraction power of the heart muscle has been identified.
Also, dose-dependent role of Cyrodon dactvlon extract
has been reported in sigmficant increase of the left
ventricle contraction power in rats during elevation of
Cynodon dactvlon dose. Garjani et al. (2009) reported that
the Cymodon dactvlon thizome are rich of sugars,
flavonoids, steroids, saponins and estrols. Redout er al.
(2007) determined that free radicals play important role in
progression of left ventricle hypertrophy and becoming of
it to the congestive heart failure. Since, the Cynodon
dactylon 13 full of flavonoids, so, one of the important
causes that cardiac damage was not detected in the
Cynodon dactylon treated groups (because of the
significant decrease in ¢Tnl and Hey) can be attributed to
beneficial effects of flavonoids m removing the free
radicals.

One of the other major components of Cynodon
dactylon is steroidal saponins. Saponins are the main
glycosides derived from the Cynodon dactylon which can
be in both forms, steroidal sapomns and triterpenoid
saponins. In recent years, interesting biological functions
of steroidal saponins have been clarified and one of their
well-known important biological roles are referred as
cardiac protective effect, anti-bacterial, anti-inflammation
and cholesterol reduction effect (Francis et al., 2002,
Lacaille-Dubois and Wagner, 1996). Since, the extract of
Cynodon dactylon contains steroidal saponins so it can
highly improve the myocardium function in the Cyrodon
dactylon extract treated cats.

Many studies have been carried out about the serum
changes of Hey in diabetic cases and the animal models
and all of them have clanified the Hey 13 known as a
cardiovascular risk factor. In line with this, Nehler et al.
(1997) has pointed that Hey an independent
cardiovascular risk factor. In this study, significant
increase of Hey in diabetic group and significant decrease
in the Cynodon dactylon treated diabetic cats were
determined in comparison of the diabetic group (positive
control) and control ones (negative control) and even Hey
concentration decreased by mcreasing the Cynodon
dactylon dose. There is not any study in respect of Hey
alterations in diabetic cats but the increase of the Hey has
been reported in streptozotocin-induced diabetes mellitus
i rabbit (Azimzadeh ef al., 2009). It 1s possible that due to
vitamin B12 and acid folic deficiency in the diabetic group,
(following anorexia and/or malabsorption of the vitamins),
Hey has not been converted to methionine and finally has
elevated in the diabetic ones. It 13 hypothesized that

18
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flavonoid components of Cyrodon dactylon extract
participates in decreasing of Hey and converts it to
methionine. Meanwhile, it s possible that Cynodon
dactylon extract includes high source of acid folic which
decreases Hey.

CONCLUSION

Tt is concluded that cardiovascular damage occurs in
the diabetic cats which needs more attention in this issue.
On the other word, Cynodon dactylon especially in
450 mg kg™ dose plays effective role in preventing the
heart damage. Also, following adminstration of Cynodon
Dactylon extract, decline of ADA activity firstly can be
attributed the extract-mediated immune system suppress
{(especially T cells) and secondly may be associated with
the high demand of adenosine concentration for
facilitation the entrance of glucose mnto the cell.
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