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ABSTRACT

Rhabdomyolysis is very common in traumatic casesitariater implications include acute kidney damalf is a
challenging task for medical doctors, so there ised to develop newer therapeutic measures. Giygeduced
rhabdomyolysis is a standard experimental modehfarte kidney injury. There is breakdown of muscaiesulting

to release of excess myoglobin in the blood whidkiées kidney injury. Oxidative stress and loclhmmation are
reported to be involved in the pathogenesis. Hagepgrotective effect of methanolic extract of Pueréuberosa
Linn. (PT) has been investigated against glyce8a%6) induced AKI. Glycerol was injected in thighsdes and
after 48 h; serum urea and creatinine were assesSathlase and superoxide dismutase activitiesghoith lipid

peroxidation were determined in the kidney homotgmaTlreated group had significant changes in fipéd |
peroxidation, superoxide dismutase and catalaseviact Histological picture showed lesser accumigdat of

hyaline casts and lesser degree of tubular necrdsiss, it could be concluded that polar fractidrP@ tuber could
be an effective treatment for rhabdomyolysis induddney injury. Its mechanism of action involvesntenance of
antioxidant activity in the target tissue.
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INTRODUCTION

Rhabdomyolysis is associated with excess musckkboevn and is a severe form of myositis.qJLIt is common
in road accidents, injuries during war, burns,iin#ic muscle diseases, excessive physical exertiwiabolic
disorders, hypoxia, drug-toxicity and severe infew. In general, 10-40% of the cases with rhabddysys
develop AKI. [3] The excess release of heme fronsctesdegradation causes ischemic injury, oxidasivess and
excess release of inflammatory cytokines. [4] Tlegrde of rhabdomyolysis manifests itself by incirggaghe
concentration of creatinine kinase in blood by bineakdown of striated muscles. There is enhancedrggon of
hydrogen peroxide in renal cortex leading to acatel failure and then turns into an acute kidmgyry. Both the
oxidant and antioxidant mechanisms are involvethancomplex pathophysiology of myoglobin mediatéthky
injury. [5, 6, 7] In normal body conditions, hemeygenase of epithelial cells of proximal tubule detps this
heme, but in case of excess myoglobin, this priateds failed resulting to hematuria. Statin (hypaemic drug)
like drugs also induce rhabdomylosis. It is a nogehcept that enhanced protein degradation via uitbig
proteosome pathway may represent a key mechaniderlyimg statin myalgia.[8] Its effect is more sevén case
of hypothyroidism.[9] These traumatic conditionadeo the acute kidney injury (AKI), which accoufis 10% of
all reported cases of AKI in hospitals.[10] Glydeiaduced rhabdomyolysis is its standard animal ehod
Intramuscular injection of glycerol in rats resegthhcute renal failure by massive release of myaglm crush
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syndrome in humans. [11] There is high serum anewiand urea along with low activity of antioxidamzymes.
Evidences suggest that transcriptional activatibrh@me oxygenase (HO)-1, the rate-limiting enzymehéme
degradation, participates in its defenses.[12] Thinggs which could activate HO-1 expression owvenge free
radicals could be effective in preventing the rtahgolysis mediated kidney damage. Currently thereno
effective method to cure acute kidney injury, s@sitmportant to find an effective therapy for tingprovement of
the kidney function. Medicinal plants have showmgngficant antioxidant and anti-inflammatory propest
Antioxidants play a noteworthy role in amelioratitihg effect of toxicity produced by rhabdomyolysisinhibiting
the lipid and protein peroxidation and redox cyglinetween ferric and ferryl myoglobin.[13, 14]. mground
roots of Pueraria tuberosaLinn. (PT) had shown sufficiently important antidant and anti-inflammatory
potential.[15] It is used as medicine in Ayurvediad{an system of Medicine) to manage cough and.[@{l Its
rich content of glycosides and polyphenolic comptsurare responsible for its antioxidant property.isit
recommended as general health promoting drug, tiiurgalactagogue and aphrodisiac.[17] It has shown
nephroprotection against cisplatin induced kidneyndge.[18] Here we have explored the protective wafl
methanolic extract of PT on glycerol induced AKldeh Changes in the activity of antioxidant enzyrireblood
hemolysates, kidney tissues and renal functiors testserum were observed which gives an outlookuabize
condition of kidney cellular homeostasis.

EXPERIMENTAL SECTION

Glycerol and NBT (nitrobluetetrazolium chloride) megpurchased from E. Merck (India) Pvt Limited dtlichedia,
Mumbai. All other chemical and staining materialsrevof analytical grade. Male adult albino ratsOfPQ0 g) of
Charles Foster strain were purchased from centigdal house of our Institute (IMS, BHU). Experimahanimal
protocols were approved by Ethical committee ondeixpental Animal Resources, IMS, BHU by reference n
Dean/2012-13/192. Authentications of the herbs vaenge by Prof. K.N. Dwivedi of Department of Dragyma,
IMS, BHU by letter no. Da/13-14/139 by comparing tharacteristics of the plant mentioned in botriexts[19]
and other floras.[20] Animals were kept in a room1@ h light/dark cycle at a room temperature 6f2%ith free
access to food and watad libitum

Preparation of the methanolic extract (PTME)

One hundred grams of coarse powder of the PT plast taken, sample put in thimble; was made tonfithie
soxhlet apparatus. Pure methanol was added angh sets made to run for 24 h. All the componentseveeme in
the solvent making the coloured solution and fdterSolution was heated on distilled unit to obtam pure extract

of Pueraria tuberosaand distilled methanol was separated. Oil andousricomponents were found to be present in
the extraction.

Experimental protocol

Rats were randomly divided into four groups havsig animals in each. Six h fasted rats were giveepd
intramuscular injection of glycerol (35%) in botietthighs of hind limbs equally and then transfii@ metabolic
cages for urine collectiotdrine was analysed by instrument urometer (Agapiagmostics Ltd, India) for pH,
glucose, proteins and ketonékine was collected on 12 h interval for 48 h fataulating the creatinine clearance
for the estimation of GFR. [21] Creatine clearamees calculated by using the formula:

Creatinine clearance = [urinary creatinine (mg/ml24 h urine volume (ml)])/ {serum creatinine (mgjm{
[1000/body weight (g)] x [1/86,400 s]}.

In an untreated group, animals were pretreated?2i.b. before with drug vector (20% Tween 20) follawey
continuity for 2 days. In the drug treated grougME was given orally in dosesf 20 mg/100g BWand
40mg/100g BWor 2 consecutive days

After 48 h, animals were sacrificedder anaesthesia pentabarbitatollect kidney and blooid heparinized or
plain tubesKidneys were served in -20°C freezer for biocheimécelysis and in 10% formaldehyde solution for
histological studiesSerum urea [22] and creatinine[23] were analyzedctspphotometrically by using
commercial kits provided by Accurex Biomedical Rithited, Thane, India. Red blood cells were sepatat
by centrifugation at 3000 rpm from heparinized bldo prepare blood hemolysate. Its Hb content was
estimated by cyanmethaemoglobin method [24], cataley Aebi’'s method [25] and superoxide dismutase
(SOD) activity as standardized in our laboratorpditons.[26] One kidney was homogenized in (50 mM
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Tris-HCI, pH 7.4) and clear supernatant was usedfsay of catalase, superoxide dismutase, pratain
lipid peroxidation.

In brief, catalase activity was determined by meaguthe decomposition of 4@, at 240 nm in a UV-V
Spectrophotometer (SL 210, ELICO, India). The enatyenactivity was expressed in Units/mg proteing(amit
decomposes 1mMole of ,B, per minute at pH 7 and Z5. SOD activity was determined by measuring the
concentration of formazone formation after NBT teat at 540 nm. Lipid peroxidation was assayed by
thiobarbituric acid (TBA) reactive substances mdthbetra ethoxypropane (TEP) was used as standafchtv the
standard curve and ascorbic acid was used as tivpasintrol.[27] Protein peroxidation was deteredrby DNPH
assay protocol for measuring protein carbonyl @aatling was taken at 340 nm. Proteins in the honaigerwere
estimated by Bradford reagent and standard curgednawvn with BSA.

For histological examination, fixed kidney was mesed by dehydration for making wax-blocks; trarse
sections of 3-6 um thickness were cut on microtame stained with hematoxylin and eosin (H&E). Stdislides
were monitored under the Nikon microscope by usiitg element software.

RESULTSAND DISCUSSION

Dose standardization of glycerol for induction of AKI

Animals of Group | (untreated) received normal real(8 ml/kg BW). Animals of Group Il (A, B, C, Dnd E)
received different concentrations of glycerol 25%%, 35%, 40% and 50%. Rats of Group D and E haligher
dose of glycerol (40% and 50 %), died within 3hgbfcerol administration, without any urine outputtosing
severe decrease in the creatinine clearance raeiever, rats with lower doses (25%, 30%, 35%) slibwe
significant hematuria in the first 2-4 h. Degreehafmaturia increased with increasing concentratibglycerol.
Initially urine had reddish brown appearance fdn and after that it attained normal colour. Renmlcfion tests
after 48h showed concentration dependent increaserum urea and creatinine. In normal group, sermea was
36 mg/dl and it rose to 71.3% in 35% glycerol. $amy serum creatinine was 0.34 mg/dl in untreagealip and
rises to 112.96% at 35% (Fig 2 mentioned later)patius 35% glycerol dose was considered as amapii dose
in our experimental conditions as there were greztances of survival of rats with AKI for the syud
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Figure 1. Effect of different concentration of glycerol on blood urea and creatinine and 35% glycerol treatment after 72 h
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Although creatinine level was higher than normahtoal but it was gradually decreasing by lapse iofet as
checked after 72 h. This indicated the processadéiral recovery and considered as conservativeoappr of
therapy for rhabdomyolysis. Hence 35% glycerol adstiation was considered for 48 h in this studyffother
investigation (Fig 1).

Effect of PTME on glycerol induced acute kidney injury (AKI)

Effect of PTME on glycerol induced changesin urine biochemistry (Table 1)

In an untreated group urine had alkaline pH witbspnce of protein and ketone bodies while in thelPTreated
group pH of the urine was found to be acidic ienmalrpH of the urine. Further there were no tradeh® protein.
Creatinine clearance improved significantly in tireg treated group as compared to the untreataghgsbowing
the rise in glomerular filtration rate.

Table 1: Effect of PTME on the biochemical parametersof urine

Glycero+PTME | Glycerol+ PTME
S. No Parameters Normal Only glycerol (20mg) (40mg)
1 Glucose -ve 2+ -ve -ve
2 Protein -ve >:3(3)(;r’ng dl -ve trace
3 Ketones -ve +ve -ve -ve
4 pH 6.3 8.75 6.5 5.6
5 *Creatinine clearance (ml/min/kg BW) 19.56 + 1.236.78 + 2.21 14.56 + 2.05 17.54 + 2.06

Data was generated by repeating it three times jri=6

Effect of PTME on glycerol induced changesin serum urea and creatinine (Table 2)

PTME treatment significantly prevented the riseserum urea and creatinine. Its 20 mg/100g BW dosadght
down serum creatinine to 0.85 mg /dl (44.09%) whiels significantly lower than the experimental cohin 48 h.
In similar conditions, PTME at 40 mg/100g BW do$®mwed dose dependent reduction in the values stigges
nephroprotective property.

Table 2: Effect of PTME on glycerol induced changes on kidney function after 48 hrs

Groups
Parameters Treated group
Normal Glycerol treate 20 mg/100 g BW| 40 mg/100 g BW
Serum urea (mg/dl) 31.67 £2.65 51.52 +8.04 32.8739 32.57 £2.52
Serum creatinine (mg/dl 0.59 £ 0.2 1.52 + 0.4 85 0.24 0.58 +£0.19

Data are expressed as mean + SE. *P<0.001 normatrobvs untreated group; **P<0.05 drug treated wstreatedgroup (glycerol).

Effect of PTME on glycerol induced changesin activity of CAT and SOD in blood hemolysate (Table 3)

Activity of CAT and SOD was significantly higher intreated group. In glycerol treated group, SOD GAT
activity was raised to several folds from normahtcol but PTME (40 mg) treatment prevented thi.ri$his
indirectly suggested lower generation and accunmiadf FRs in the system, indicating the FR- scaiemp
potential of PTME. Therefore lower activity of SO&nd CAT could be the secondary response to lower
concentration of free radicals in the system. Dufs2) mg/100g BW also showed speedy response.

Table 3: Effect of different doses of PTME on antioxidant enzymes and oxidative stressin blood hemolysates

Antioxidant status Oxidative stress
S.No Parameters CAT SOD LPO Protein carbonyl
(U/mg Hb) (U/mg Hb) | (nmol/mg protein)| (nmol mg protein)
1 Normal 35.47 +3.45 8.23+2.13 0.25+0.02 23129
2 Untreated 76.32+5.989 18.98+2.87 0.46 £+0.01] 53.60 + 3.89*
3 Treated 20 mg/100g BW  46.37 £ 6.43f* 13.19+2J65 0.27 +0.02 28.46 + 2.37*
4 Treated 40 mg/100g BW 37.23 +5.86f* 9.57+2.24 0.25+0.04 21.67 +2.37*

Data are expressed as mean + SE.*P<0.05 normainteeated group; **P<0.05 drug treated vs untreatgaup.

Effect of PTME on antioxidant enzymes in kidney homogenate (Table 4)

Activity of CAT and SOD enzymes were significanttigher in untreated group than the normal groupMBT
treatment showed a significant decrease in botlettaymes in dose dependent manner. The LPO angrobein
carbonyl levels were also lower in PTME treatedraais.
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Table 4: Effect of PTME on activity of antioxidant enzymes and oxidative stressin the kidney homogenates

S.No Groups Antioxidant status Oxidative stress
CAT SOD LPO PPO
(U/mg protein) | (U/mg protein) | (nmol/mg protein)| (nmol/mg protein)
1 Norma 27.21+8.8 7.28 0.0 0.11+0.0. 16.89 +3.7
2 Untreated 44.12 + 5.67* 16.48 + 0.02* 0.63+0.02| 39.14 +3.89*
3 Treated 20 mg/100 g BV 33.23+9.67% 11.12 £0.1 0.31+0.01 25.76 + 2.67
4 Treated 40 mg/100 g BW  29.86 + 11.78}*  7.54 £8%0 0.21+0.01 20.84 + 3.31*

Data were expressed as mean + SE. *P<0.05 normahtseated;**P< 0.05 untreated vs treated group.

Histological studies

In an untreated group there was prominent distoiticthe glomerular morphology along with tubul&crosis and
hyaline casts deposition within the tubular lum&here was dilatation in the tubular structure ailsih cloudy
appearance across the epithelial lining (Fig-2)crNgis was prominent throughout the cortico-medyltagion. In
drug administrated group tubular damage was higtifymised with lesser apical blebbing.

Fig 2: Effect of PTME on histopathological changes

Fig-2: Effect of PTME on histological changes in fXidney in glycerol induced rhabdomyolysis. TSalney H
and E staining , original magnification was 400 A} normal ; B) glycerol induced damage; Arrow mavias
showing the severe epithelial lining damage ands aefl glomerulus showed shrinkage in the struct@je20
mg/100g BW ; threre was appearance of cloudinesg400ng/100g BW. Here cloudiness diappeared artthelfl
lining was slowly regenerated.

Elevation in plasma creatinine reflects transigmibdomyolysis-induced renal impairment.[28, 29]may be
associated with lactic acidosis. It is evident wattidic pH of urine in an untreated group. Rhabdalysis result
from various factors, namely trauma, exercise, gatins, infections, endocrine disorders, congenitpathies,
and metabolic diseases.[30] Defect in the mitochiahdatty acid p-oxidation (FAO) has been reported in
rhabdomylosis associated with metabolic disord@iscyclic antidepressives and statins have sideceffof
rhabdomylosis.[31] It is secondary to simvastatid @henofibrate. PTME had shown significant pratecagainst
glycerol induced AKI by improving renal functionsts. Various antioxidants have shown renoproteditiothis
model, such as L-citrulline [31], N-acetylcystei(ldAC) [32], 7-O-galloyl-D-sedoheptulose (GS) iseldtfrom
Corni — Fructus [33], etc. Since FRs are basidaplved in pathogenesis of heme mediated AKI, Wwhcreleased
during disruption of muscles after glycerol injectj therefore protection could be sought either using
antioxidants or by induction of heme oxygenase-O<3}). It is a critical enzyme for heme/hemin degttézh and
detoxification and such report has been publistzstiee. [34] We have earlier reported the FR scagigg potential
of PTME. [16] Thus its protective action descritszbve, could be due to FR scavenging role. Thiskas further
supported by decrease in raised activity of CAT 8D in blood hemolysates and kidney homogenasethearise
in these enzymes in an untreated group could Eensgary response to high concentration of freeain the
tissue.
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Role of inflammation has also been documented enpithogenesis of glycerol induced AKI, as repolgdigh
expression of inducible nitric oxide synthase (iINOI&-6, interleukin-10, TNFe, and Cox-Il. [35] We have also
earlier reported that PTME significantly prevertte £xpression of LPS induced iNOS in macrophageireul[16]
Thus it could be suggested that PTME might be itihidp glycerol induced inflammatory process in tkidney
tissue. Kidney damage is associated with accunamatif tubular casts, damages epithelia and tutn#arosis
along with increase in urinary total protein, kigiriejury molecule-1 (KIM-1) and clusterin. [36] PTBtreatment
had prevented these changes. PTME significantlyedsed the urine volume and fractional excretiosaafium,
but it decreased the urine osmolality, suggestiegprotective role against renal dysfunction. Uasenolality is the
concentration of urine; a large value indicatescentrated urine while small value indicates dilutime. Different
metabolites alter the concentration of the urinber&€ was decreased urine volume and hence urinelags
increases significantly with the single injectiohgbycerol. While in drug treated rats urine osnfityadecreased in
comparison to experimental control rats.

Interestingly, PTME has beneficial role over otkgisting herbal preparation such as 7-O-galloyledeheptulose
(GS), as it also significantly prevented the risecieatinine clearance, which was not seen in afiheg. [37] It

improved the glycerol induced renal dysfunction atainage. Glycerol injection also induces the amiptin

muscle resulting to muscular degeneration. [30] sThatiapoptotic drugs could also be an effectivenagn

preventing AKI in this situation. p53 inhibitorifhrin-o) had already shown protection in this AKI mod&83]

Although, we do not have any direct evidence foti-apoptotic role of PTME, but its antioxidant armahti-

inflammatory role might be associated with its agoptotic property as indicated in other repdf8] Although

diagnostic markers for AKI, include plasma creai@iblood urea nitrogen (BUN), presence or absehceinary

casts, fractional excretion of sodium (FENa) anihary protein, but these markers are of limited tereearly

detection of AKI[40] 60% of kidney get damaged thlere is marked rise in serum creatinine. Thera ieed of
early biomarkers other than serum urea and creatiwhich will show promising results in early diagis. Herbal
treatment is a holistic approach to the curableagme which needs further study for improvement eélth of the
mankind.

DATA AND STATISTICAL ANALYSIS

All data were expressed as mean + SD. The signidieaf differences between group means was ediallliby
using student’s t test. To establish the signifiganf differences between more than two group meassused
One-Way ANOVA followed by Tuckey's and Dunnett’spty multiple comparision tests by using IBM SPSS 20
software. P < 0.05 and P < 0.001 were regardeifjagicant.

CONCLUSION

Thus, it could be suggested that PTME has sigmificale in protection against rhabdomyolysis-indu@eute
kidney injury. Mechanism of action could be throughantioxidant and anti-inflammatory property lyphenols
and flavones, present in PTME might be respongdsl¢his activity. Since kidney is very miraculoosggan and we
need to preserve its function by any possible means
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