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ABSTRACT:

Background: Nephrocalcinosis is a clinical pathologic conditidmaracterized by abnormal
deposition of calcium phosphate or calcium oxallatde renal parenchyma, which can result
in impaired kidney function.

Aim: This study aimed to evaluate the effecEofica sativa aqueous extract in prevention of
nephrocalcinosisnduced by a large dose of oxalic acid in rabbits.

Materials and Methods: Twenty four healthy domestic rabbits were equallgcated into
three groups and were distributed into: normal gréwithout drug), oxalic acid group and
Eruca sativa group. Both the first and second groups were vecedistilled water, while the
third group received aqueous extractbotica sativa for ten consecutive days. Single high
dose of oxalic acid was given to induce nephronakis in rabbits of the second and third
groups (except normal group) after 2 hours froneireog of distilled water anéruca sativa
extract at the first day. Blood samples were ctdécfrom all animals for biochemical
analysis. Urine analysis and histopathological aration were performed for all rabbits to
verify the presence of crystals in urine and reisaLies.

Results: Eruca sativa agueous extract produced highly significant réidacin blood urea
nitrogen, serum creatinine , with significant reiilore in serum Na, and highly significant
elevation in serum CGa and serum Klevels, also it is produced highly significant uetion

in the calcium oxalate crystals density in urinel aanal tissues when compared with of
oxalic acid group.

Conclusion: Current study found that the aqueous extractEaica sativa effectively
prevented the formation and deposition of calcioxalate crystals in renal tissues, thus
preventing the occurrence of nephrocalcinosis.

GuIYY A Gidaad) g oSl ulSill ada A jua sad) cild g
O Ll ae g2

GIoal | (53 Haala Al BIS 3 o juadl By il pslall g8 Aol ol ) 53S0

65



Kerbala Journal of Pharmaceutical Sciences(N8. 2018 (14) 2=l ix¥auall aglall 3 S dlss

LS @l sl mmoall Gl Galiiue (Jadl VLSS D S Gada g SIS s daliial) cilalsl)

O 65 58N il 8 a g\ SI VT ST 5l LS S )5 by NS et dna pe Al (5 5ISH Sl 2ay
ae b ol bl Al Galiiial) S s AT Hall sda Cangd KN ddda 8 Jdl ) s (] oSaall
Gpdie 5 da gl e ATy pal il )Y 8 Gl S 5Y) (s (e Alle e ja alads[ 1 el (5 5ISH Sl
oada Ao gaaa (o0 e e) Dpadl de geadd) JUll i) e dglidie aslae AU ) e 5y L
LN Ao ganall Ceja g haddl Sl EGEN 5 IV de geaall (e DS Cie a s ) e semay Sl SV
Gl bl SV Gaala (w Adle 3aal g de ja Culae) AW AL 5 pbe Bad el Gl Sl Galdiuall[]
shial) oWl elac) e el 5 pe an[ (Aprpadall de ganall lacle) 2G5 Ll de ganall cail ) b g IS Sl
oand s oal LS A it g e sl il V) aen (e pal) Giline Cimen SV sl 3 oal) Galiiig

A IS0 AW g Jsall (<l bl 2 g 5 (e Sl il Y ] il Gandll 5

Loalads) aa il KUy Lyl g 5 (6 s (o Llle Taine Lalads) e jall cilitl i) Galiiiad) el
Laalassl [ Telld ) Adlial | a5l 5 sansllSl) 38 55 8 Llle Iaine Lol ) TS a0 guaall 5K 5 8 Itine
Ll 3S V) Gaala Ao sane g 45 e die SIS AasiW) 5 sl (3 a sl SI VT3S 5F cl ) SIARES 8 Llle |ins
YIS ATl S Jad JSEaie aa el il S paldiedl () 30150 o3a (e i)

(5 SIS Ll & gan pie U o 51K Al 3 gl

INTRODUCTION:

Nephrocalcinosis (NC) is a clinical pathologic ciimh of kidney characterized by
abnormal deposition of calcium mainly in the forincalcium phosphate or calcium oxalate
in the renal parenchyma, which can result in irgghkidney function (1). It can arise from
several conditions including, hypercalcemia , hgpkaiuria, hyperoxaluriahypocitraturia,
hyperparathyroidism, vitamin D toxicity, sarcoidasirenal tubular acidosis, medullary
sponge kidney, renal cortical necrosis, renal toldesis, hyperphosphatemia,
hyperphosphaturiaand use of certain medicinesuch as furosemide, acetazolamide,
amphotericin B, and triamterene (2).

Fragments of calcium oxalate or calcium phospheag break free from the kidney
and provide nuclei for the formation of kidney sen(nephrolithiasis). Therefore,
nephrocalcinosis may eventually result in acutelaonic obstructive uropathy, leading to
eventual kidney failure (3).

Oxalic acid provides a useful animal model to sttldy mechanisms and therapeutic
approaches of the nephrocalcinosis. Thereforgyesition of a high dose of oxalic acid
developed hyperoxaluria, which can lead to forrmatimd deposition of insoluble calcium
oxalate(CaOx) crystals in the renal tissues, cgusiflammatory reaction, cell damage and
renal dysfunctiontherefore it is necessary to search for new naagehtf plant origin that
might improve the nephrocalcinosis (4,5) .

Eruca sativa (E. Sativa) commonly known as Rocket salad, is one of the thufis
perennial vegetables of Mediterranean origin , hgilog to the Brassicaceae family, widely
grown all over the world and immensely used agadsahnd cooking spice. It has diversified
medicinal and therapeutic properties such as gsinin ,diuretic , analgesic, digestive
,emollient ,tonic , laxative ,rubefaciestomachicaphrodisiac and stimulant properties , also
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it has antimicrobial, anti-inflammatory, antioxidant ,dotigal, antitumour, antiulcer
,antiplatelet,  antithrombotic  antihyperlipidemic, ntidiabetic  ,antinephrolithiatic,
nephroprotective and hepatoprotective activities,89).

MATERIALS AND METHODS:
Plant collection and aqueous extract preparation :

Fresh leaves OE. sativa were purchased from the local market of Al-Nasirgity,
Irag. The plant leaves were washed, dried andedilhto fine powder. 200 grams of
powdered plant leaves were infused in two litdrdistilled water and were heated at 80 °C
for 30 minutes with stirrings, then cooled the agtrat room temperature and filtered
through Whatman paper No. filter paper. Then evaporate the filtrate underucaalg
pressure using rotary evaporator at 40°C to olgaide extract .This extract was stored in a
dark sterile screw bottle at 4°C until use (6).

Animals:

Twenty four healthy domestic rabbits of both sewesghing between 1000 to 1800
grams were used in this study. They were housesprarated cages under good conditions
and fed standard oxoid pellets with waaerlibitum. The animals were randomly allocated
into three groups(eight animals in each group) @wede given a single daily dose of the
followings at 9:00 a.m. for ten successive days.

Group 1 (normal group): received distilled water (3ml aldy.

Group 2 (oxalic acid group): received distilled water (Barally .

Group 3(Eruca sativa group): received aqueous extractbwiica sativa (500mg/kg) orally
(20).

At 11:00 a.m. of the first day, all animals of gpo2 and 3 (except group 1) were given orally
single dose of oxalic acid (333 mg/kg) by gastuioet for induction of nephrocalcinosis (4).
Blood collection and analysis:

At the end of the treatment period, blood samplesevaspirated from heart of each
rabbit, then centrifuged at 3000 rpm for 15 minufBse clear, non hemolysed supernatant
sera were used to measure blood urea nitrogen JB&#Xum creatinine, Ng C&* and K*
concentrations using commercially available kigsspectrophotometer method (11).

Urine collection and analysis:

At the end of experiment ,all animals were fastgdroight and kept in individual
cages, urine samples were collected in the morfiogh each rabbit to determine the
presence of calcium oxalate crystals in urine udigigt microscope. Crystals were counted
and scored as follows: “0” no crystals; “1” 1 to &Qstals per high power field (x400); “2”
11 to 20 crystals/ HPF; and “3” > 20 crystals/ HRE).

Histopathological study:

At the end of the final urine collection, all ratsbwvere subjected to kidney resection
under chloroform anesthesia, then the histopaticdbgxamination of the sections was done
to check for calcium oxalate crystal deposits inatetissues as well as histopathological
changes in renal architecture by using a lightrosicope after fixation the section in 10%
formalin and staining with hematoxylin & eosin. Timimber of crystal deposits were
counted in five fields for each sample and theiengity was scored as: “0” no crystal
deposition; “1” 1- 5 crystals/HPF; “2” 6- 10 cry&é41PF; and “3” > 10 crystals/HPF(12).
Statistical analysis:
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Data were expressed as mean + standard error af (&#&M.) and unpaired t-test
(Student t-test) was used to compare the differéeteeen each two groups using statistical
package for social science (SPSS) version 17. feiflees were considered significant at the
level of 0.05 and highly significantly at the level of®001 (13).

RESULTS:

In the present study, administration of a singéegé dose of oxalic acid 333 mg\kg
orally to rabbits caused nephrocalcinosis manitebiea highly significant elevation in both
BUN (30 £ 0.09 vs 15 £ 0.04) mg/dl and serum tng@e (1.6 = 0.03 vs 0.6 + 0.01) mg/dl,
with highly significant reduction in serum Ndevel (145 + 0.39 vs 150 + 0.49) mmol/L,
serum C4' level (9 +0.10 vs 11 + 0.16) mg/dl and serufriével (4 +0.04 vs 4.7 + 0.03)
mmol/L when compared to that of normal group (gra)@ able 1).

Aqueous extract oEruca sativa (group 3) showed highly significant reduction m i
both BUN (16 + 0.10 vs 30 £ 0.09) mg/dl and sercreatinine (0.7 + 0.01 vs 1.6 = 0.03)
mg/dl, with significant reduction in serum Navel (142 + 0.36 vs 145 * 0.39) mmol/L and
highly significant elevation in serum €devel (10.8 + 0.05 vs 9 + 0.10) mg/dl and serum
K" level (5 £ 0.03 vs 4 + 0.04) mmol/L when companeith oxalic acid group (group
2)[Table 1].Whereas it is produced a highly sigmifit reduction in serum Né&vel (142 +
0.36 vs 150 £ 0.49) mmol/L, and restored the BUN£16.10 vs 15 + 0.04) mg/dl , serum
creatinine (0.7 + 0.01 vs 0.6 + 0.01) mg/dl, serGai* level (10.8 + 0.05 vs 11 + 0.16)
mg/dl and serum Klevel (5 % 0.03 vs 4.7 + 0.03) mmol/L nearlyttee normal values
when compared to that of normal group (Table 1).

The microscopic examination of urine of normal granimals did not contain any
crystals. Oxalic acid group revealed a highly digant increase in the numbers (density) of
CaOx crystals when compared with normal group. |gVEruca sativa group showed a
highly significant reduction in the numbers of Ca®@wrystals (0.6 £ 0.01 vs 2.5 = 0.02) when
compared with oxalic acid group (Table 2).

The histological examination of kidneys of normalblbits showed a normal
histological structure of renal parenchyma (gloresind tubules) without calcium oxalate
crystals deposits(Figure 1A).Kidneys of rabbitsoxalic acid group showed deposition of
highly numbers of calcium oxalate crystals (arravidh sever tubular necrosis(Figure 1B)
.While the kidney sections of rabbits HKruca sativa group showed a highly significant
reduction in the numbers of CaOx crystals depg§itd + 0.02 vs 2 £ 0.01) with better
improvement in renal tissue integrity when compaseith oxalic acid group, and was more
similar to that of the normal group (Table 2, FgaC ).

Table 1:Effect of aqueous extract oEruca sativa on serum parameters .

group BUN Creatinine Sodium Calcium Potassium
(mg/dl) (mg/dl) (mmol/L) (mg/dl) (mmol/L)
M + SEM M + SEM M + SEM M + SEM M + SEM
Normal group 15+ 0.04 0.6+ 0.01 150 + 0.49 11+£0.16 4.7 +0.03
Oxalic acid 30+£0.09 1.6 £0.03 145 £ 0.39 9+0.10 4+0.04
g ro u p a** a** a** a** a**
E.sativa+Ox.acid 16 £0.10 0.7+ 0.01 142 £ 0.36 10.8+0.05 5+0.03
group b*-k b** a**’ b* b*-k b*-k
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*= Significant (<0.05), **= Highly significant (R0.001), a = as compared to group 1, b= as compgared
group 2( n = 8/group).

Table 2:Effect of agueous extract oEruca sativa on calcium oxalate density in urine and renalissue.

group Crystal density
In urine In renal tissue
M + SEM M + SEM
Normal group 00 £0.00 00 £0.00
Oxalic acid group 2.5+0.02 2+0.01
a** a**
E.sativa+Ox.acid group 0.6 £0.01 0.4 £0.02
b** b**

*= Significant (<0.05), **= Highly significant (R0.001), a = as compared to group 1, b= as compared
group 2 ( n = 8/group).

o

. 4 Y

Figure 1: Sections of rabbits kidney of different goups. A= normal group, B= oxalic acid group, C=
Eruca sativa group.

DISCUSSION:

Nephrocalcinosis is a state of deposition of catciin the form of phosphate or
oxalate in the tissue of the kidney that can imgainey function.

In the present study, Nephrocalcinosis was indumedsing a single large dose (333
mg/kg) of oxalic acid resulting in acute renal dial which is characterized by renal tubular
necrosis and an accumulation of CaOx crystals énuhine and kidney tissues as well as
significant elevation in BUN and serum creatiniireaddition oxalic acid produced highly
significant reduction in serum NaC&* and K levels when compared with normal group,
these results agreed with previous studies (4, THix finding can be explained by the fact
that ingestion a high dose of oxalic acid produlspsroxaluria which can lead to CaOx
supersaturation, nucleation and crystal formatiesociation with production free radicals,
followed by cell injury which facilitate crystaldaerence and deposition in renal tissues,
resulting in tubular obstruction , renal dysfunntand finally renal failure (15) .
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In the present studyEruca sativa significantly improved the functions and
histopathological changes of the kidney and preagtite development of nephrocalcinosis,
which was reflected in a highly significant redoctiin the levels of BUN , serum creatinine,
and number of CaOx crystals in urine and renalugs when compared with oxalic acid
group, as well a&. sativa restored Cd and K levels nearly to the normal value with
significant reduction in serum Nalevel . These effects could be attributed to dheetic
effect of Eruca sativa which is related to its active ingredients suclfiagniods, saponins or
organic acids (10) .The diuretic effect lead ta@ase urine volume and urinary output, thus
preventing the supersaturation of urine by calcamd oxalate and thereby CaOx formation,
resulting in reduced deposition of CaOx crystalanne and renal tissues, thereby preventing
the elevated serum biochemical levels due to etion of these in urine (16).

In the present study, the diuretic effecEnfica sativa cause significant reduction in
serum Na ,while did not lead to K depletion because it is rich in potassium ,mglkima
safe diuretic (17).

In this study Eruca sativa significantly decrease urinary and parenchyma CaOx
crystals because it has large amount of chloréghgt may inhibit the growth of calcium
oxalate dehydrate which considered to be a prim@rgse in calcium oxalate crystals
formation (18,19).

Other study found that acidic urine pH promotes La®ystallization, crystal-cell
adhesion and crystals retention. Therefore, alkation of the urine may help to prevent
CaOx deposition and nephrocalcinosis (20). AngEd) showed thaEruca sativa increase
urinary pH making urine unsuitable for CaOx cryl&ation. In addition, increased urinary
pH reduces the renal citrate reabsorption, thuseasing urinary citrate which is a potent
inhibitor of CaOx crystals formation through its\ding with free calcium ion ,then excreted
as calcium-citrate complex in urine, thereby mglkdalcium unavailable to bind with oxalate
and prevents crystallization. In additiogjtrate prevents aggregation and growth of
preformed crystals through its ability to bind tetcrystal’s surface and also prevent their
adhesion renal epithelial ce(81,22).

Previous studies found that the level of magnesiismslightly decreased in
hyperoxaluric rat urine due to its interaction witkalate. Magnesium therefore can reduce
the supersaturation of calcium oxalate and subselyueeduce the growth and nucleation
rates of calcium oxalate crystals (23). Similafyruca sativa contains large amount of
magnesium, so it may reduce free oxalate in imtesind urine, decreasing its availability for
Ca&"* ion in renal tubules and prevent CaOx crystaishtion (17).

Dietary content of certain cations has clinicaligpiortant effect in prevention of

CaOx crystal formation, so intake of dietary cahiinhibits the absorption of oxalate by
increasing the formation of calcium-oxalate compkein intestinal luminal, thereby reducing
the pool of free oxalate available for absorptioernce reducing urinary oxalate excretion and
CaOx crystals formation (24) . On the other hangh ldietary intake of potassium appears to
reduce the risk of crystals formation because paias promotes the urinary excretion of
citrate, an inhibitor of urinary crystal formati¢@5). Therefore, in this studgruca sativa
may be working through these mechanisms becaugetimain a certain amount of calcium
and potassium which can be observed by reducinguh#&er of CaOx crystals in the urine
and renal tissues and restoring serurff Gand K levels nearly to the normal value (17).
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Several recent studies have been shown that theafigtantioxidant compounds play
an important roles in prevention calcium oxalatgstal deposition in the kidney by
preventing hyperoxaluria-induced peroxidative daenag the renal tubular membrane
surface, which in turn can prevent calcium oxalatgstal attachment and subsequent
development of nephrocalcinosis and stones (26)addition, saponins and flavonoids
prevent renal calcium and oxalate deposition thinodgsintegrating mucoproteins, which
have a high affinity for calcium oxalate crystakfases and thus promote the growth and
deposition of crystals (27[ruca sativa possess a potent antioxidant and anti-inflamngato
activities due to their natural compounds includingtamins, carotenoids, flavonoids,
saponins and polyphenols, which may be preventrsgiaration of calcium oxalate and thus
decreased their deposition in renal tubules ,neguib inhibition of epithelial cell injury and
inflammation induced by CaOx crystals (28).This faoms through another study showed
that E.sativa seed extract possess a potent antioxidant andl peoizctive activity against
mercuric chloride induced renal damage (29).

In conclusion, the present study showed that tmeiradtration of aqueous extract of
Eruca sativa effectively prevented the development of nephmnoakis by inhibiting the
formation and deposition of calcium oxalate crysial renal tissueand protection of renal
epithelial cells, it is likely to be used in managmnt of nephrocalcinosis after confirmation
of their effect in clinical trials.
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