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Abstract:

BACKGROUND: Urinary oxalate and citrate are the key
factors in caox urolithiasis of cats and Gamma Glutamyl
Transferase is a good test for assessment of kidney damage.
Favorableeffectsof Cynodon dactylon on calcium oxal ate stone
formation have recently been proved inrats. OBJECTIVES: The
present study was designed to investigate the alteration of
urinary oxalate, citrate, and GGT after administration of the
hydroalcoholic extract of Cynodon dactylon to experimental
hyperoxaluric cats. No scientific study has been done so far to
demonstratethebeneficial effect of thisplantincats. METHODS:
13 maturemal e catswererandomly dividedinto 3 groups: group
A received standard diet and drinking water while, group B and
C aso received ethylene glycol at sub-toxic dose (130 mg/kg)
daily for 30 days. Group C received hydroal coholic extract of
C.dactylon (400 mg/kg) fromday 0to 30, aswell. Urinesamples
were collected on days 0, 15, and 30 and were analyzed for
oxalate, citrate, and GGT levels. RESULTS: Urine oxalate level
ingroup B wassignificantly higher than group C ondays15and
30. Urinary citrateexcretionwassignificantly higheringroup C
compared to the other groups on day 15; however, it decreased
during theentireexperiment ingroupsB and C. Urinary Gamma
Glutamyl Transferaselevel wasincreased in hyperoxaluric cats
and decreased in the treated group during the experiment.
CONCLUSIONS: Based on our results, C.dactylon extract could
reduce the hyperoxaluria and has beneficial effects on
preventing the renal damage in cats. Such findings provide a
scientific explanationfor applying C.dactylonin preventionand
possibletreatment of CaOx kidney stonesin catsand humans.

I ntroduction

Uralithiasis has long been recognized as a cause
of irritative voiding in cats. The two most common
felineurinary stonesare calcium oxalate (CaOx) and
struvite. Their relative frequencies have changed
over theyears. Before the late 1980s, sterile struvite
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was the most common urolith; however, in 2007,
CaOx was the most dominant mineral type found in
cats (Palm et a., 2011; Cannon et a., 2007). This
modification may be partly attributableto thechange
to urine-acidifying, magnesium-restricted diets that
were introduced to reduce the formation of struvite
(Buffington and chew, 1999).
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Small increases in urinary oxalate can have a
major effect on calcium oxalate crystal formation,
and higher levels of urinary oxalate are amajor risk
factor for the formation of calcium oxalate kidney
stones(Taylor and Curhan, 2007). Hyperoxal uriacan
occur from increased dietary intake aswell asaloss
or diminished activity of oxalate-degrading bacteria
in the colon (Oxal obacter formigenes) (Palm et al.,
2011). Oxalate is a metabolic end product and is
excreted unchanged in the urine after absorption in
thegastrointestinal tract, However, theroleof dietary
oxalate in the pathogenesis of calcium oxaate
nephrolithiasisisunclear (Taylor and Curhan, 2007).

Citrate is an inhibitor of calcium oxalate urolith
formation. Thus, Hypocitraturiamay bearisk factor
for CaOx stone formation in humans because citrate
can become chelated to calcium, forming a more
solublesaltthan CaOxintheurine(Palmetal ., 2011).
However, Systemicmetabolicderangements, suchas
acidosis, may decreasetheurinary excretionof citrate
and seemtoincreasetherisk (Hostutler et al ., 2005).

Indomesticanimals, GammaGlutamyl Transferase
(GGT) ismainly inthe kidneys, the pancreas, and the
intestine. Its liver activity is relatively high in cows,
horses, sheep and goatsand very low in dogs, catsand
birds. Urinary GGT is a good test of kidney toxic
damage. (Braunetal., 1983). Solittleresearchhasbeen
done on possible diagnostic significance of urinary
GGT forrena diseases(Dierickx,1981). Urinary GGT
is an indicator of renal proxima tubular damage
(Clemo, 1998).

Currently, no medical dissolution protocol is
available for calcium oxalate calculi (Palm et al.,
2011; Hostutler et al., 2005). Several products from
medical plantshavebeen usedintreatment of urinary
calculi in humans for centuries (Khajavi Rad et al.,
2011a). Datafrominvitro, invivo, andclinical trials
reveal that phytotherapeutic agentscoul d beuseful as
either an alternative or an adjunctive therapy in the
management of urolithiasis(Butterweck etal., 2009).
Cynodon dactylon (C.dactylon), a member of the
family of Cynodonteag, is a resilient and perennial
grass native to the warm temperate and tropical
regions (Khajavi Rad et a., 2011a). It also growsin
Iran, locally named Margh and has been used as a
medicinal herb in Iranian traditional medicine for
centuries (Khajavi Rad et a., 2011b). C.dactylon is
claimed to be diuretic and used as a remedy for
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urinary infections, kidney stones, and congestion
(Khajavi Rad et a ., 20114a). Furthermore, it hasbeen
seenthat thismedicinal plant hasfavorableeffectson
dysuria, kidney calcium oxalate stone dissolvent,
bladder injuries and inflammation (Khajavi Rad et
a., 2011b). Theagueousand hydroal coholic extracts
of root and rhizome of C.dactylon have had
preventive and curative actions on ethylene-glycol
induced kidney calculi in rats (Khajavi Rad et al.,
2011a; Khajavi Rad et al., 2011b; Atmani etal., 2009;
Sekkoum et ., 2010). The exact mechanism of this
plant on urinary system is not clear. As mentioned
above, urinary oxalate and citrate are the key factors
on caox urolithiasisand GGT isagood test of kidney
toxic damage. Therefore, the present study was
designed to investigate the alteration of urinary
oxalate, citrate, and GGT after administration of the
hydroalcoholic extract of Cynodon dactylon
rhizomesto experimentally induced hyperoxaluriain
cats. We aimed to find out whether this plant could
beneficially ater these factors and have the
preventiveeffect on hyperoxaluric cats. Noscientific
study was undertaken so far to demonstrate the
beneficial effect of the plant in cats.

Materialsand M ethods

Prepar ation of extract: Rhizomesof C.dactylon
were bought from a local herbalist and graciously
identified in department of pharmacognosy, faculty
of pharmacy, Tehran University of medical sciences,
Tehran, Iran. Therhizomeswerepowdered. Then, the
powder was mixed with a sufficient volume of 70%
ethanol and extracted with percolator for 3x72 hours.
The solvent was removed by rotary evaporator and
theextract wasdried under thefumehood. Thedried
extract was sonicated with distilled water for 6
minutesat 20°C in order to producethe hydroa cohalic
extract witha100 mg/ml concentration (Khajavi Rad
etd., 2011a). Thehydroal coholic extract of C.dactylon
waskept inrefrigerator and fed to catsdaily.

Toxicity studies: A pilot study was designed to
determine a suitable dose of Ethylene glycol and the
hydroal coholicextract of C.dactylon for cats asit has
not been devel oped before.

The kidney NOAEL (No Observed Adverse
Effect Level) dose of Ethylene glycol for rats on the
basis of previous studies (Corley et al., 2008) is 150

1JVM (2014), 8(3):193-198



Janitabar, S.

mg/kg. Therefore, fivedoses(100, 130, 150, 300, and
500 mg/kg) of Ethyleneglycol were usedina30-day
preliminary study in order to find out an appropriate
sub-toxicdoseof Ethyleneglycol incats. Duetosome
adverse effects of Ethylene glycol at 500 and 300
mg/kg doses after days 8 and 10 respectively, we
removed these dosages in our experiment. Ethylene
glycol a 100 mg/kg did not induce CaOx
monohydrate crystalluria; however, at 130 and 150
mg/kg, sufficient crystalluria were observed.
Therefore, the 130 mg/kg dose was chosen in our
study which showed CaOx-monohydrate (COM)
crystalluria with minimum adverse effects on
kidneys(Cr=1.6and BUN =42.9).

Meanwhile, apreliminary study to determinethe
effective dose of C.dactylon extract was carried out.
Three doses (100, 250, and 400 mg/kg) were used.
Theresultsfor thedoseof 100 and 250 mg/kg showed
little effects on CaOx deposition in kidneys, while
400 mg/kg was effective and selected in our study.

Experimental protocol and samplescollection: 13
healthy male and matured DSH (Domestic Short
Hair) catsweighing 3to 4 kg and aging between 1and
2 yearsold wereused in thisexperiment.

They wererandomly dividedin3groups(A, B, C)
and maintained at 25+2°C in individual cages under
12h light/dark cyclesfor 30 days. The animals were
given standard diet and free access to tap water ad
libitum.

Group A (3 cats) served as negative control and
received the standard diet and drinking water ad
libitum.

Group B (5 cats) served as positive control and
received a daily sub-toxic dose of Ethylene glycol
(Merck, Germany) equivalent to 130 mg/kg in order
to induce hyperoxaluria, the standard diet and
drinking water ad libitum.

Group C (5 cats) served astreatment and received
daily 130 mg/kg Ethylene glycol aong with
hydroalcoholic extract of Cynodon dactylon (100
mg/ml) at dose equival ent to 400 mg/kg, based onthe
preliminary study, for 30 days.

Urine samples were collected on days 0O, 15, and
30 of the experiment.

Analysisof urine: Urine samples were taken by
cystocentesis and analyzed for oxalate by
Enzymatic/Colorimetric method (Hodgkinson and
Williams, 1972) using AutoAnalyser (ZiestChem
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Diagnostics. Tehran, Iran). Citrate was measured by
Enzymatic manual method (Petrauloet al ., 1995) and
GGT activity was determined by Modified IFCC
method, Enzymatic Kinetic (Schumann et al., 2002)
using TGHI Co. kits (LOT no. DG029202/G) by
AutoAnalyser Selectra ProM (ELITech Clinical
Systems).

Satistical analysis: Datawereanalyzed by SPSS
software (version 16.0, SPSSInc., Chicago, Illinais,
USA) using Repeated M easuresof ANOVA. Results
are presented as meanststandard errors (SE). p
valueslessthan 0.05 were considered significant.

Results

Mean urinary oxalate and citrate levels of all
groups are presented in table 1. At the baseline there
wasnhosignificant differencebetweengroupsinurine
oxalateandcitratelevels. Urineoxal atelevel ingroup
B wassignificantly higher than group C and group A
ondays 15 and 30 (p<0.001 and p=0.001 respective-
ly). Urinary oxal ateexcretion wasincreased in group
B and decreased in treated group during the
experiment; nonethel ess, these differences were not
statistically significant between days 0 and 30 of the
study inside both groups.

Urinary citrate excretion wassignificantly higher
in group C on day 15 compared to other groups
(p=0.011); however, it decreased on day 30
(p=0.011). Urinary citrate excretion was decreased
during the experiment inside both groups B and C,
and these differences were significant (p=0.05 and
p<0.01 respectively).

Urinary GGT (Gamma Glutamyl Transferase)
activity was increased in hyperoxaluric cats and
decreased in thetreated group during the experiment
(Table 2). Although these alterations were not
statistically significant between days 0 and 30 of the
experiment, the differences were remarkable.
Urinary GGT levelsin hyperoxaluric (B) and treated
(C) groupsareshownin figure.1 and figure.2 during
the experiment, respectively.

Discussion

CaOx isthe most common mineral found in cats
(Pamet al., 2011; Cannon et a., 2007). Thereisno
medical dissolution protocol available for CaOx
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Figure 1. Urinary GGT level in hyperoxaluric group (B). GGT
level was increased in hyperoxauric cats during the
experiment.
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Figure 2. Urinary GGT level in treated group (C). GGT level
was decreased in treated cats with C.dactylon during the
experiment.

caculi (Palmetal., 2011; Hostutler et al., 2005), and
thereisno satisfactory drugto usein clinical therapy
(Butterweck et al., 2009). Only conservative medical
management for cats can be used that has minimal or
no renal amelioration (Palm et al., 2011). Based on
data from in vivo studies on rats C.dactylon has
favorable effects on kidney CaOx stone dissolvent
(Atmani et al., 2009; Khajavi Rad et al., 20114
Khajavi Rad et al., 2011b). Since urine oxalate and
citratearethekey factorson CaOx urolithiasisin cats
and urinary GGT isagood test of kidney damage, the
present study was designed to investigate the
aterations of urinary oxalate, citrate, and GGT after
administration of the hydroalcoholic extract of
Cynodon dactylon rhizomes to experimentally
induced hyperoxauria in cats. In general, the
crystallization of stone forming salts is due to an
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abnormal urinary compositionthat iseither higher in
crystallization promoters (e.g. calcium, oxalate, uric
acid) orlowerininhibitors(e.g. citrate, glycosamino-
glycans, kidney proteins such as nephrocalcin,
Tamm-Horsfall mucoprotein uropontin), or both
(Khajavi Rad et al., 20114a).

Inour experiment, oxal atewashighly excretedin
the urine of cats in group B on days 15 and 30,
compared to other groups, which was significant.
This was in conflict with Khajavi Rad et a. and
Atmani et al.'s findings who showed oxalate was
highly excreted in treated versus untreated rats
(Khagjavi Rad et d ., 2011a; Atmani et al., 2009). The
urinary citrate excretion in treated cats was
significantly higher than hyperoxaluric group on day
15. However, it decreased significantly during the
entire experiment in both groups. Considering the
current study, oxal atelevel washigher in the urine of
calculi-induced animals (group B) that confirmsthe
stoneformationmechanism. Moreover, urineoxal ate
concentrationdecreasedinhyperoxal uriccatstreated
withtheplant extract. Sinceoxal ateisakey risk factor
in CaOx calculusformation and citrateisregarded as
an effectiveinhibitor of CaOx stone formation (Bihl
and Meyers, 2001), it is important to point out that
C.dactylon extract used in this study seemed to have
significant effect on decreasing the urinary oxalate
excretion and inhibition of CaOx stone formation.
Furthermore, higher citrate level in group C,
comparedtogroup B onday 15, couldalsoexplainthe
inhibitory effect of this medicina plant on kidney
stoneformation. Ontheother hand, theurinary citrate
excretion was decreased during the experiment
inside both groups B and C. These findings are in
consistent with Khagjavi Rad et al.'s results which
imply that citrate excretion level was decreased in
treated groups. However, they declared that ethylene
glycol did not have any significant effect on the
urinary citrate levels which was in contrast with the
current findings(Khajavi Rad et al., 20114).

Urinary GGT (Gamma Glutamyl Transferase)
level was increased in hyperoxaluric cats and
decreased in treated group during the experiment.
However, these alterations were not significant
between days 0 and 30 inside both groups. GGT can
provide information about the progression and
recovery of renal damage becauseit could vary with
the activity of rena disease (Clemo, 1998).

1JVM (2014), 8(3):193-198



Janitabar, S.

Iranian Journal of Veterinary Medicine

Table 1. Urine concentration of oxalateand citrate. A, negative control; B, positive control which received 130 mg/kg/day Ethyleneglycol;
C, treated group which received 400 mg/kg/day of C.dactylon extract. Thevaluesareexpressed asmean+ S.E. Urineoxalatelevel ingroup
B was significantly higher than groups C and A on days 15 and 30 (p<0.001 and p=0.001 respectively). Urinary citrate excretion was
significantly higher in group C on day 15 compared to other groups (p=0.01); It decreased during the experiment in both groups B and C

significantly (p=0.05 and p<0.01 respectively).

Oxalate(mg/dL) Citrate(mg/dL)
Groups A B A B c
Day0 2.00+1.60 1.76+1.06 1.10+0.34 48.33+7.79 41.00+10.11 44.20+5.91
Day 15 2.06+0.63 5.40+0.50 0.80+0.30 22.66+6.33 10.80+2.00 35.50+£6.00
Day 30 0.43+0.03 3.20+0.56 0.62+0.14 30.33+5.23 13.40+1.12 14.92+3.35

Table 2. Urinary GGT activity. A, negative control; B, positive
control which received 130 mg/kg /day Ethylene glycol; C,
treated group which received 400 mg/kg/day of C.dactylon
extract. The values are expressed as mean = S.E. Urinary GGT
activity was decreased in treated group during the experiment.
Despite considerable changes, however these differences were
not statistically significant (p=0.1).

Groups A GGT BEU/L)

Day 0 700:1.00  4.80%020  60.40:2167
Day 15 966384  18.00+6.31  12.00+7.50
Day 30 400+057  12.40+385  11.20+5.70

According to previous studies in dogs treated with
gentamicin for 10 days, the concentration of urinary
GGT dlowly increased asthe renal damage progres-
sed. On the other hand, in a study where dogs were
treated with asingle dose of maleic acid, adeclinein
urinary enzymeactivity was considered ameasure of
therate of recovery fromrenal injury (Clemo, 1998).
In the current study, increases in urinary GGT in
hyperoxaluric cats may be associated with acute
proximal tubular damage, while decline of urinary
GGT level in treated group may be due to the
preventive effects of Cynodon dactylon hydro-
alcoholic extract on CaOx calculus formation.
Calcium Oxalate crystals and high oxalate levelsin
nephrons can induce damage in epithelial cells, and
consequently the cells may produce some products,
as well as free radicals, inducing heterogeneous
crystal nucleation and cause aggregation of crystals
(Khan and Thamiselvan, 2000). It is postulated that
the plant inhibitsthe formation of particlesinkidney
tubules. Thus, the plant extract may interferedirectly
with the inhibition of crystal adhesion to the
epithelium by blocking the attachment sites located
either on the cell surfaces or on the surface of the
crystalsthemselves (Khajavi Rad et al., 2011a). Ina
study by Atmani et al., it has been established that C.
dactylon extract has beneficial effect in preventing
and eliminating CaOx deposition in the kidneys
(Atmani et al., 2009). Also, the same results were

1JVM (2014), 8(3):193-198

reported with Nigella sativa seeds; its ethanolic
extract reduced the number of calcium oxaate
deposits in rats (Hadjzadeh et a., 2007).
Phytochemical analysis of hydroalcoholic extract
obtained from C.dactylon rhizomes has demonstrat-
ed that the rhizomes contain sugar, flavonoids,
sterols, and steroidal saponins (Fazly Bazzas et dl.,
1997; Garjani etal., 2009; Khajavi Rad et al., 2011a).
Theflavonoidsare antioxidant and scavenge oxygen
freeradicals. Therefore, it can be speculated that the
roleof C.dactylon ethanolic extract in preventing the
formation of CaOx calculi isin part due to the anti-
inflammatory and anti-oxidant effectsof thedifferent
compounds of the C.dactylon (Comaada et d.,
2006).

In conclusion, our findings present new data
supporting that C.dactylon extract could prevent the
hyperoxaluriaand hasbeneficial effectsoninhibiting
the renal damage in cats. Such findings provide a
scientific explanation for its use in prevention and
possibletreatment of CaOx kidney cal culi andjustify
itsusein traditional medicinefor itsanti-urolithiatic
activity in human medicine. Further studies are
necessary to clarify the exact mechanism of the
preventive and curative effects of the extract in cats.
Such studiesare underway in our department.
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