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Abstract: Problem statement: Nephrolithiasis or renal stone disease remainsgaif&ant health
problem in the adult population. Nephrolithiasisaisrecurrent disorder prominent in males. It is
significant medical and surgical problem becausénoidence, recurrence and severe consequences.
The present day medical management of nephrolithiaseither costly or not without side effects.
Invasive procedures for the treatment of nephrialdls may cause serious complications and they also
impose a great load of costs to the healthcaresystHence the search for antilithiatic drugs from
natural sources has assumed greater importaxgeroach: The aim of the present study was to
evaluate the antilithiatic activity of spirulina mulementation on ethylene glycol induced
nephrolithiasis in male rats. Healthy male Wistgswere used in the present study and were divided
randomly into 4 groups. Rats of 1st group were extras normal control. Rats of 2nd group were
received 0.75% ethylene glycol in drinking water floree weeks and drinking tap water for the next
three weeks. Rats of 3rd group were received 0.@8%dene glycol in drinking water for three weeks
and fed with spirulina solution (20 mg Rgbody weight) for the next three weeks. AnimalsAti
group were treated as 1st group for the first thweeks and fed with spirulina solution ate the same
dose given to 3rd group for the last three weelterssix weeks, serum levels of sodium, chloride,
potassium, calcium, phosphorus, Blood Urea Nitrod&WN), uric acid, creatinine, Alanine
aminotransferase (ALT), Aspartate aminotransfer@&8T) were measuredResults: Statistically
increases in the levels of sodium, chloride, BUM &b T and a decrease in the level of calcium were
noted in rats treated with ethylene glycol. Sup@eatation of spirulina for the last three weeks ryost
recovered the rats from nephrolithiasis and corepidtom hepatotoxicity induced by ethylene glycol.
Conclusion: This study suggested that spirulina is a safety@ndhising agent as a functional food
for the management of nephrolithiasis induced Ihylene glycol and may be also by other chemical
factors.
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INTRODUCTION effects. Hence the search for antilithiatic drugsnf
natural sources has assumed greater importance
Nephrolithiasis (renal stone formation) is (Vermaetal., 2009).

worldwide in distribution and a common disorder Ethylene glycol (CASRN 107-21-1) is an
estimated to occur in approximately 12% of theintermediatén the synthesis of a number of commercial
population, with a recurrence rate of 70-80% onewmal chemical products, including Polyethylene
and 47-60% females (Smith and Guay, 1992). Th&erephthalate (PET) resins, unsaturgtelyester resins
majority of stones, up to 80%, are composed maifily and polyester fibers and films. It is aB@onstituent in
calcium oxalate (Daudoet al., 1993). Many remedies antifreeze, deicing fluids, surface coatingsat transfer
have been employed during ages to treat renal stonéfluids and industrial coolants, hydraulic fluids,
Most of remedies were taken from plants and prdeed surfactants and emulsifiers (Lockelgt al., 2002).
be useful, though the rational behind their useas General populationor consumer, exposure occurs
will established except for a few plants and someprimarily from the use of ethylergdycol in automotive
proprietary composite herbal drugs and they areantifreeze. There have been a numbeaaifte human
reported to be effective with no side effects (Nadk ~ poisonings from accidental or intentional ingestafn
1976). The present day medical management oéntifreeze, with the kidney being the most sensitiv
nephrolithiasis is either costly or not without esid target organ. Regimens for the treatment of acute
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ethylene glycol poisoningare designed to prevent supplementation on ethylene glycol induced
metabolism to the toxic acidic metabolitds, treat nephrolithiasis in male rats.
acidosis and to prevent kidney damage (Barcesbak,
1999; E_Sr_enlet al.z 1_999_).Ethylene glycol has in itse_lf a MATERIALSAND METHODS
low toxicity, but is in vivo broken down to four gannic
acids: Glycoaldehyde, glycolic acid, glyoxylic a@dd ] ]
oxalic acid. The metabolites are cell toxins thauge ~Animals: Forty male Wistar rats (185-210 g) were
central nervous system depression and Cardiout”ized in the current Study and were obtainedrfro
pulmonary and renal failure. Glycolic acid causesthe Experimental Animal Unit of King Fahd Medical
severe acidosis and oxalate is precipitated asucalc Research Center, King Abdul Aziz University, Jeddah
oxalate in the kidneys and other tissues (Leth andaudi Arabia. Animals were allocated 5 per cage.
Gregersen, 2005). Mean daily animal room temperature ranged from 18-
Spirulina is a microscopic, an unbranched, a20°C and mean daily relative humiditgnged from
helicoidal, filamentous and multicellular blue-gnee 60-65% during the study. Light timers were set
algae or cyanobacterium belonging to algae of thesc Provide a 12 h light/12 h dark photoperiod. Animals
Cyanophyta_ It has a |Ong history of use as food and itWere fedad libitum on normal commercial chow and
is the nature’s richest and most complete source dad free access to water.
organic nutrition. The concentrated nutritional fleo
of spirulina occurs naturally, so it is ideal fdiose Experimental protocol: Rats were divided randomly
preferring a whole food supplement to artificiatnnent into 4 groups (n = 10) and were treated as follows.
sources. Spirulina has a unique blend of nutriéims  Animals of group 1 were untreated and served as
no single source can provide. It has been labeted a normal control. Rats of group 2 were received 0.75%
powerful food, rich in proteins, carbohydrates, ethylene glycol in drinking watead libitum for three
polyunsaturated fatty acids, sterols and some witaé  \weeks and drinking tap water for the next threeksee
elements like calcium, iron, zinc, magnesium,Rats of group 3 were received 0.75% ethylene glircol
manganese and selenium. It is a natural source @frinking waterad libitum for three weeks and fed orally
vitamin B12, vitamin E, ascorbic acid, tocopherai®l  yth spirulina solution (20 mg kg body weight/daily)
whole spectrum of natural mixed carotene andkor the next three weeks. Rats of group 4 weretdrea
xanthophylls phytopigments (Chamore al., 1996; a5 group 1 for the first three weeks and fed with

Pifiero Estradeet al., 2001; Chamorraet al., 2002).  gpjrylina solution ate the same dose given to gBotgy
Spirulina is fast emerging as a whole answer to thene |ast three weeks.

varied demands due to its impressive nutrient
composition which can be used for therapeutic use . - . .
(Venkataraman, 1998). The United Nations World Foo um chem|stry_ analys!s. Af_ter six weeks, animals
Conference declared spirulina as “the best forVere anaesthetized with diethyl ether. Blood was
tomorrow” and it is gaining popularity in recentaye collected from orbital venous plexus in hon-hepadd

as a food supplement (Kapoor and Mehta, 1993). Thiibes and centrifuged at 2000 rpm for 20 min taivbt
spirulina ability as a potent anti-viral (Gustafsgiral., ~ serum. Serum levels of sodium, chloride, potassium,
1989; Hayashiet al., 1993; Pattersoret al., 1993; calcium, phosphorus, Blood Urea Nitrogen (BUN)gcuri
Hayashiet al., 1996; Shihet al., 2003), anti-cancer acid, creatinine, Alanine aminotransferase (ALT),
(Sudaet al., 1986; Pangt al., 1988; Schwartzt al.,  Aspartate aminotransferase (AST) were evaluatatusi
1988; Lishenget al., 1991; Mathewet al., 1995 Automated Clinical Chemistry Analysis System,

Ismail et al., 2009), hypocholesterolemic and pimension® type RXL Max (Dade Behring Delaware,
hypolipidemic (Devi and Venkataraman, 1983;pg 19714 USA).

Beckeret al., 1986; Nakayat al., 1988; Iwateet al.,

1990; Nagaokeet al., 2005; Collaet al., 2008), anti- o _

diabetic (Parikret al., 2001; Muthuramaet al., 2009) Statistical analysis: Data are presented as mean =
and health improvement (Annapuretzal., 1991) agent Standard Deviation (SD) and were analyzed by one-
is gaining attention as a nutraceutical and a soofc Way Analysis Of Variance (ANOVA) followed by
potential pharmaceutical. Despite considerable q@sxy Tukey'’s test for multiple comparison among all grsu

in medical therapy, there is no satisfactory dugyéat  Differences below p<0.05 implied significance.
kidney stones. So, the present study was desigmed Statistical Package for Social Sciences (SPSS for
investigate the antilithiatic activity of spirulina windows, version 12.0) was used for this analysis.
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RESULTS group. The level of chloride was significantly dezsed
in rats treated with ethylene glycol plus spirulina
The concentrations of serum electrolytes are showoompared with rats supplemented with only spirulina
in Fig. 1. The level of sodium was significantly The level of serum potassium was increased in
elevated in rats treated with ethylene glycol (@r@)  spirulina-treated rats (Group 4). The values ofiser
compared with control value, while there were nopotassium were remarkably unchanged in group 23and
significant changes in the values of serum sodiom i compared with control values. Also, the level ofuse
rats treated with ethylene glycol plus spirulinacalcium was significantly declined in rats treateith
(Group 3) or only spirulina (Group 4). In compariso ethylene glycol (Group 2). There were no significan
with control group, there was a significant elegatin  differences in the concentrations of phosphorusata
the values of serum chloride in rats supplementigd w treated with ethylene glycol, ethylene glycol plus
only spirulina. Statistically increase in the level  spirulina and only spirulina compared with control
chloride was noted in rats treated with ethylenegl values. The levels of serum BUN, uric acid, creaén
compared with ethylene glycol plus spirulina trelate and the activities of ALT and AST are shown in.Rlg
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Fig. 1: Serum electrolytes (Na, ClI, K, Ca and Ryiem of control (Group 1), ethylene glycol (Group 2
ethylene glycol plus spirulina (Group 3) and spival (Group 4) treated rats (n = 6). (*)
Indicates a significant difference between corairad treated groups. (a) Indicates a significant
difference between ethylene glycol treated groug gmoup treated with ethylene glycol plus
spirulina; (b) Indicates significant difference Wween ethylene glycol plus spirulina treated
group and group treated with only spirulina
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Fig. 2: Serum BUN, uric acid, creatinine, ALT an&PRvalues of control (Group 1), ethylene glycol
(Group 2), ethylene glycol plus spirulina (GroupaBd spirulina (Group 4) treated rats (n = 6).
(*) Indicates a significant difference between cohtand treated groups. (a) Indicates a
significant difference between ethylene glycol teglagroup and group treated with ethylene
glycol plus spirulina

Table 1: Percentage changes in the values of sechemical  The levels of BUN and ALT were markedly increased i

parameters in the experimental rats treated witlyl@te — ai5 treated with ethylene glycol (Group 2) comgare
glycol, ethylene glycol plus spirulina and spiralinompared

with control values with control group and rats groups treated withylette
Treatments glycol plus spirulina (Group 3) and only spirulif@roup
4). The values of serum uric acid, creatinine aSd Avere
b Etw ool Etlhy'elne i Soirui remarkably unchanged in all treated groups compaitbd
Naarameters t y+e2n839 yco i‘g’l" * spirulina +’i"1“g'“a control values (Table 1). Also, insignificant chasgn
cl +151 +0.50 4234 the levels of serum calcium and ALT were observed i
K +3.72 +3.71 +10.92 rats treated with ethylene glycol plus spirulina amly
Ca -15.63 +2.73 +1.95  spirulina compared with control level.
P -0.47 -1.89 -0.94
BUN +16.85 -2.05 2.74
Uric acid +13.51 5t35 +16.27 DISCUSSION
Creatinine -7.53 -0.56 -0.59 . .
ALT +22.82 +4.35 -7.19 The present results showed that the administration
AST -3.19 -7.26 -4.78 of ethylene glycol caused statistically increaseshie
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levels of sodium, chloride, BUN and ALT and a ethylene glycol was established in many researches
decrease in the level of calcium. Sodium and ctiori (Christinaet al., 2002; Atmankt al., 2003; Huangt al.,
ions excretion from the body is a function of agkr 2006; Karadiet al., 2006; Celik and Suzek, 2007,
blood pressure (Guyton and Hall, 2006). SodiumHadjzadeh et al., 2007; Hadjzadelet al., 2008;
depletion stimulates rennin release and subsequend&erma et al., 2009; Divaka et al., 2010). The
production of Angiotensin Il, a potent vasocons$triic mechanism underlying the effect of spirulina on
(Guyton and Hall, 2006). Increased blood sodiurellev nephrolithiasis induced by ethylene glycol is still
inhibit rennin release from the juxtaglomerularigel unknown, but is apparently related to increasededis
and consequent withdrawal of angiotensin Il (Jaskso and lowering of urinary concentrations of stonerfimg
and Kotchen, 1984). When modulation of the rennin-constituents. Further investigation is needed toloz®
angiotensin system is pharmacologically preventedthe exact active principles responsible for thditmiatic
changes in salt intake markedly affect long termelle  activity of spirulina and its mechanism of action.

of arterial blood pressure (Hadt al., 1999). There is

therefore a need to strike a balance in the levéls CONCLUSION

blood sodium and chloride to avoid either of the
extreme of hypotension or hypertension. Kaatical.
(2002) reported that the hypernatremia is raredogts
occur when there is loss of body fluids containiegs
sodium than blood along with water intake restictor

if there is excessive sodium intake with limiteduiid
intake. Vogt et al. (2009) reported that the
hypernatremia almost always indicates water depieti
The present increase of serum sodium level is stesgpe
to be due to the inability of the kidneys to exeret
adequate sodium from the tubular fluid. Also, teels

Kidney stone disease has afflicted humankind since
antiquity and can persist, with serious medical
consequences, throughout a patient's lifetime. In
addition, the incidence of kidney stones has been
increased in most societies in the last five desade
especially in association with economic development
spite of tremendous advances in the field of madici
there is no truly satisfactory drug for the treatinef
nephrolithiasis. Recently, there is increasing ewat
that many healthy natural food and medicinal heanal
supplements have the potential to become valuable

of BUN and ALT were significantly increased as a | arv th in the treat + of vari N
strong indication of renal and hepatic impairmdriie compiementary therapy in the treatment of vari@mar
disorders and in the protection against iatrogenic

decrease of serum calcium concentration indicates a - oI
increase of urinary calcium and calcium oxalateneto nephrotoxicity. The present study indicates that th

formation. This suggestion is in agreement withesal administration of spirulina solutioto rats with ethylene

studies like Rajagopadt al. (1977) who reported that glycol mduc_ed nephrolithiasis reduced and_ pf_e““?“e
the level of serum calcium was decreased and lyrinargro"\r[h.Of k|dngy stones, renal and hepatic impamme
calcium increased in rats treated with ethylenedly Accordingly, It can .be concluded_ .that the
Moreover, Soundararajast al. (2006) showed that S“pp'emer‘ta.“o.“ of spirulina has a beneficial éfiee
calcium oxalate excretion was significantly increh nephrolithiasis mdqced by ethylene glycol and rbay
urine of ethylene glycol induced urolithic rats. also by other chemical factors.
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