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ABSTRACT

The present study was designed to screen the netiesfive effect of Boerhaavia diffusa (Linn.) dreftozotocine
induced diabetic neuropathy in rats. Diabetes waduced in rats with a single intraperitoneal inject of
streptozotocin (55 mg/kg b.w). The ethanol extohd. diffusa at a dose of 100, 200 and 400 mgfkapdy weight
were administered at single dose per day to diabetduced rats for a period of 12 weeks. Neurogapisin was
assessed in diabetic rats with various painful gaares viz., hot and cold water tail immersion,testprick test,
cold allodynia, hot plate test, photoactometer ainth-rod tests were performed to assess the degfiekermal,
mechanical, cold hyperalgesia and locomotor actigis well as motor co-ordination. At the end of shedy period
experimental animals were scarified and biochempaaiameters such as lipid peroxidation, superoxigegnutase,
total protein, total calcium levels were evaluaiedsciatic nerve tissue. Animals treated with Beervia diffusa
(100, 200, and 400 mg/kg p.o.) significantly alees hyperglycaemia induced mechanical, thermaktalgesia
and cold allodynia and restored the reduced bodighteand improved the biochemical parameters suztblaod
sugar levels, superoxide dismutase, and total proend attenuated the calcium concentration, anpidli
peroxidation in a dose dependent manner. Thus, fiuis study we conclude that Boerhaavia diffusailsteh
significant antidiabetic, antioxidant and neuropeotive activities against streptozotocin-inducedabeiic
neuropathy in rats.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder char&drby hyperglycemia resulting from defects iruiits secretion,
insulin action or both [1]. Diabetes mellitus isexious health problem in developing as well astigped countries.
The world health organization stated it as an epidalisease of the Zkentury, due to its rising population of 382
million in 2013, and may projected to rise up t@®54illion by the year 2035 [2]. Uncontrolled diabgtleads to
microvascular and macrovascular complications 3je most common type of microvascular complicatasn
diabetes is peripheral neuropathy [4,5].

The prevalence rate is 7% in one year of freshhgdosed diabetes and 50% in long standing dialiesésry
patients aged more than 25 years [6]. In them 128emts experience painful diabetic neuropathy With
generating the symptoms of allodynia-stimulus thatmally doesn’t provoke pain, hyperalgesia inceglaghe
response to a non painful stimulus [8]. Patientdar their symptoms as a sharp electric shock tagoheir legs,
and feeling of walking on broken glass [9].
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Hyperglycemia induces fatal changes in nerve tissueverity classical metabolic pathways; polyol hvedy

resulting in accumulation of sorbitol and glucosereased hexosamine shunt; excess/inapproprisiteatian of

protein kinase C isoforms; resulting in accumulatiof advanced glycation end products; weaken neapbic

support and disrupt the repair mechanism; and &tion of poly (ADP-ribose) polymerase (PARP);uksn

imbalanced nerve myo-inositol. Although all of tagsathways fatal in the generation of reactive exygpecies
through oxidation and reduction reactions in mitwadria lead to aggravation of neuropathy [10,11,12]

Several drugs such as tricyclic antidepressants amibnvulsant drugs are presently available toucedthe
neuropathic pain. However, these drugs were repotde exhibit a wide spectrum of adverse effectsthia

management of painful neuropathy. Hence, thereaatimited number of ideal medicines to treat diebe
neuropathy and its generating pain. Researcheadthheare professionals and educated people ackdgeltheir
interest towards new alternative medicines to tiétetes associated neuropathy.

The present chosen trailing herb bearing a Latimen@oerhaavia diffusa Linn. (Family: Nyctaginace&e)a
creeping herb grown in tropical regions of Southekita, India and Africa [13]. Indian Ayurveda renusd it as
‘Punarnava’, rejuvenates itself from dried roothie rainy season agell as rejuvenates body [14]. Pharmacological
studies on B. diffusa roots were proven its anticdgant [16], antioxidant, antidiabetic, antistrdsspatoprotective,
antifibrinolytic and anti-inflammatory activitiesni experimental animals [15], due to presence ofiouar
phytochemicals like Punarnavine (alkaloid), boemawe (rotenoid), flavonoids, amino acids, liriodents
(lignans),p-sistosterol and stetracosanoic acid, ecosaneimistand urosolic acid have proven capacity te eurd
control disease prognosis [17]. Since B. diffusaenesed principally in Ayurveda to give attractiesults in curing
and rejuvenating healthy life against diseases,latid of scientific data on neuroprotective activitf Boerrhavia
diffusa against diabetic neuropathy was gainingatbgntion towards this experiment.

EXPERIMENTAL SECTION

Plant materials: The roots of Boerhaavia diffusa was purchased f@upplier of medicinal herbs in Chennai, and
it was authenticated by professor Dr. P. Jayararretitute of Herbal Botany, Plant Anatomy Resea@#ntre
(PARC), Chennai, India. The voucher specimen (PRRE3/2159) has been deposited in the Researchakaippr
Department of Pharmacology for future reference.

Extract preparation: The roots of Boerhaavia diffusa were collected dniéd under shade and grinded into
powder. Ethanolic extract of Boerhaavia diffusatsowas done in the department of Pharmacology, aBgst
Medical College, Udaipur using cold maceration.

Acute toxicity study: Acute toxicity study of ethanolic extract of theot@f Boerhaavia diffusa was determined in
wistar albino rats (150-180 gm) according to theGDEguidelines No.420 [18]. Based on performed tibxitests
the LDso dose was selected in three doses of 100, 200m4ky p.o.

Drugs and Chemicals:Streptozotocin was obtained from Sisco reseaiohrédories Pvt. Ltd, Mumbai, India and
Pregabalin was perchased from Swapnaroop drugsammteuticals, Aurangabad, Maharastra, India. &leio
chemicals and reagents used were of analyticakgrad

Animals used:

Adult healthy Albino rats of Wistar strain of eitheex weighing between 180-250 gm was gathered fitwen
Central animal house, Geetanjali Medical Collegdaipur. The rats were housed in polypropylene cageter
standard laboratory conditions 23€2with 12hr light dark cycle and had free accessesater with standard chow
diet. Animal care should be taken as per guidelofebe Committee for the Purpose of Control angeBuision of
Experiments on Animals (CPCSEA). Approval was takem the Institutional Animal Ethics Committee fthre
study.

Experimental design:

In the present investigation, a total of 36 ratsemaken and divided into six groups of 6 rats &che Out of 6
groups, five were made diabetic with a single dafsprepared solution of Streptozotocin 55 mg/kgybaeight in
cold citrate buffer (P4.5, 0.01 M) was administered intraperitoneally][18fter 72 hrs blood glucose level of
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surviving rats was measured and rats with fastlngdglucose levels above 250 mg/dl were ukedurther study
[20].

The study of test compound and standard drugs disselved in distilled water and administered gralith the
help of gastric oral tube. Rats were divided ift® following groups;

Group-1: Normal control rats (Distilled water 5 kg/ p.o)

Group-2: Diabetic control rats (STZ 55 mg/kg, i.p)

Group-3: Diabetic rats served with Pregabalin (1fikg, p.o)

Group-4: Diabetic rats served with B. diffusa etblanextract (100 mg/kg, p.o)
Group-5: Diabetic rats served with B. diffusa etblanextract (200 mg/kg, p.o)
Group-6: Diabetic rats served with B. diffusa etblanextract (400 mg/kg, p.o)

The study period was carried out for 12 weeks, bieligal parameters and fasting blood glucose leaslsvell as
changes in the body weights of the animals wererdgned on 0,4 8" and 18" week respectively. At the end of
the study period (i.e. faweek), rats were sacrificed by administering 50kgghiopental sodium intra peritoneally
[21] and isolated sciatic nerves were analysedifid peroxidation, superoxide dismutase, totaltgiro and total
calcium levels.

EVALUATION OF BEHAVIOURAL ACTIVITY:

Assessment of hyperalgesia and Allodynia:

Cold water tail immersion test:

In cold water tail immersion test, distal 5 cm afl twas immersed in a cold water container by nzanihg a
constant temperature (LC). Duration of time taken for withdrawal of téfbm cold water was noted. A cut-off
time of 20 sec was maintained to prevent tissugynjThe procedure was repeated three times fdr aaitnal and
the mean values are taken in consideration. Theedse in tail contact time with cold water was goun towards
nociception, whereas prolonged contact time waschas anti-allodynic effect [22].

Hot water tail immersion test:

In hot water tail immersion test, heat hyperalgesa measured by immersion of terminal part oftéile(1 cm) in
warm water (52.5 + 0.5°C). The duration of tail wdtawal reflex was recorded, as a response of theatal
sensation and a cut-off time of 15 seconds was taiaigd. Shortening of tail withdrawal time is amlication for
thermal hyperalgesia [23].

Paw heat- hyperalgesia test (Eddy’s hot plate metla:

The nociceptive threshold for heat was an indextiermal hyperalgesia. Eddy’s hot plate, whichrigrestrument
designed by Eddy and co-workers to assess theremitvity. The plate was preheated and maintaiae
temperature of 52.5+2.0°C. The rat was placed erhtit plate and nociceptive threshold, with respeditking of
the hind paw or jumping, was recorded in secontls. dut-off time of 20 sec was maintained [24].

Mechanical hyperalgesia (Pin prick test):

According to Erichsen and Blackburn-Munro, the aoef of the injured hind paw was touched with a fpofrthe
bent gauge needle at 90°, without piercing deep tigsue. The intensity was sufficient to produceefiex
withdrawal response in normal control animals. @heation of the paw withdrawal was recorded in sesousing
20 sec as cut-off time [25, 26]

Cold hyperalgesia (Acetone drop test):

Cold chemical thermal sensitivity was assessedguatetone drop method as described by Choi Y [2#) w
modification. Rats were placed in a metal mesh eegkallowed to habituate for approximately 20 rtésun order
to acclimatise them for the new environment. Freslidpensed acetone drop (&) was applied gently on to the
mid plantar surface of the hind paw. It generatedld chemical sensitive reaction i.e., paw lickispaking or
rubbing the hind paw with brisk foot withdrawalefapplication (2-5 sec) of acetone was considasetbciceptive
response and absence or delay in these responeesamsidered as anti-nociceptive effect. Eachwest repeated
three times with 5 min interval between each appilkin of acetone on both paws and mean was catclilat
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Motor coordination:
The test was conducted with Rota rod apparatuei(8m, India), by placing rats on 25 rpm rotatipgdle. The
falling time of each rat from rotating spindle wasorded during five minutes period [28].

Spontaneous Locomotor (Exploratory) Test:

Photoactometer test was engaged to assess theaspous motor (exploratory) behaviour of the rodemits
actophotometer (Scientec, India). Each animal visexved for a period of 5 min in a square closeld farea (30 x
30 x 30 cm) equipped with 6 photocells in the owtall. Interruptions of photocell beam (locomotagtoratory
action) of rats were recorded by digital counté, [20].

ASSESSMENT OF BIOCHEMICAL PARAMETERS:

Determination of blood glucose levelsDetermination of the blood glucose levels was doynée glucose-oxidase
principle [31] at interval of 0, 4, 8, and 12 welek puncturing lateral vein of the rat's tail. Blogilicose was
estimated by using glucometer (Accu-Chek sensan fRoche Diagnostic Corporation) and results wepressed
as mg/dl [32].

At the end of the study duration rats were euttezhizith 50 mg/kg thiopental sodium i.p injectiori[2The sciatic
nerve was isolated and the nerve homogenate (18awas prepared by using 0.1 M Tris-Hcl buffef' §24). The
tubes with homogenate were kept in ice water fom80utes and centrifuged af € (2500 rpm, 10 min). The
obtained supernatant employed to estimate lipidpeation (TBARS), SOD, total protein and totalaam levels.
The extent of lipid peroxidation was estimated Bing the thiobarbituric acid method [33], Superexismutase
(SOD) activity by Paoletti F and Sapakal VD [34],3btal protein by Bradford [36], total calcium IYCPC [37,
38] method.

Statistical analysis:

The results were expressed as Mean+SD. The intgrgvariation was measured by using One way anabyfsis
variance (ANOVA) followed by Bonferroni t-test. Thatatistical analysis was done by using the Sigata%b.
Values of P < 0.05 were considered statisticatjpidicant.

RESULTS

Effect of B. diffusa on behavioural parameters:

Hot and cold water tail immersion test:

Streptozotocin (STZ) induced hyperglycaemia resultsrogressive heat hyperalgesia and cold allajyréflected

as shortening of tail withdrawal latency in compari with normal rats (group 1). B. diffusa treatats were started
to show early significant improvement in tail witagval latency at dose 400 mg/kg (P<0.001) frdfrweek and

remaining doses 100, 200 mg/kg were showed theteffe 8" week for hot water tail immersion test (Tabledh).
cold water tail immersion all three doses of Bfidid 100, 200 and 400 mg/kg were significantly ioved tail

withdrawal latency in a dose dependent manner. Bdserpregabalin 10 mg/kg significantly (P < 0.0&pioved

the tail withdrawal latency when compared with gr@urats (Table-2).

Paw heat- hyperalgesia test:

Diabetic rats showed significant reduction in pawthdrawal latency when compared with normal rat®gg 1).
Pregabalin 10 mg/kg significantly (P<0.001) improviae paw withdrawal latency from"4veek. Whereas, B.
diffusa 100, 200 and 400 mg/kg were significanByQ.05) improved the paw withdrawal latency frora &1 week
in comparison with disease control rats (Table-3).

Pinprick test:

In this test hyper responsiveness to a noxiousuttiswas observed with significant rise in paw witiwal latency
in diabetic control as compared with normal contWhereas, treatment with ethanolic extract of Eusa (100,
200 and 400mg/kg, p.o) caused significant redudtiopaw withdrawal latency in a dose dependent reanfhe
anti-nococeptive effect of ethanol extract at wasfl similar effective to the reference standardgabalin (Table-
4).
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Table-1: Effect of ethanolic extract of Boerhaavialiffusa on rats subjected to hot water tail immerion test

S.No Groups Reaction time (Sec)

] Week-0 4 week & week 13 week

1 Control 9.67+1.211 9.83+0.753 10.3340.514 10.17%8
2 STZ control 5.67+1.366 4.83+1.169 4.67+1.211 5753

3 Pregabalin (10 mg/k | 5.33+1.21. | 8.50+1.049* | 11.50+1.049** | 13.67+1.211**
4 B. diffusa (100 mg/kg)] 6.00+0.894 6.67+0.514 548+ 8.10+0.753***
5 B. diffusa (200 mg/kg)] 5.17+1.16P 6.3340.814 #BB16** | 8.83+0.753**
6 B. diffusa (400 mg/kg)] 5.50+1.04P  7.83+0.983*t* .89+0.753*** | 12.00+0.894***

All values are presented as MeansSD, (n = 6), p§0,»<0.01**, p<0.001*** when compared to diseaseogp.

Table-2: Effect of ethanolic extract of Boerhaavialiffusa on rats subjected to cold water tail immer®on test

S.No Groups Reaction time (Sec)

) Week-0 4" week & week 1% week

1 Control 10.83+0.753 11.33+0.516 11.17+0.758 1405948
2 STZ control 6.50+0.548, 5.33+0.516 4.83+0.753 #(B316

3 Pregabalin (10 mg/kg 6.17+0.988  9.50+1.049%* .@7220.816*** | 14.33+0.816***
4 B. diffusa (100 mg/kg 6.17+0.753 7.00+0.894F  3&B.169** | 8.00+0.632***
5 B. diffusa (200 mg/kg 6.33+0.816 7.33+0.51671* 1B+0.753*** | 9.33+0.516***
6 B. diffusa (400 mg/k¢ | 6.50+0.83 | 9.00£0.632*** | 11.00+0.894** | 12.50+0.548**

All values are presented as Mean1SD, (n = 6), p80,»<0.01**, p<0.001*** when compared to diseaseogp.

Table-3: Effect of ethanolic extract of Boerhaavialiffusa on rats subjected to paw heat- hyperalgesi@st

S.No Groups Reaction time (Sec)

' Week-0 4" week & week 13 week

1 Control 13.33+2.066 13.17+1.472 13.17+0.758 1805048
2 STZ contra 6.50+1.04! 5.67+0.81 4.83+0.75: 5.00+0.63:

3 Pregabali (10 mg/kg | 5.83%#0.98. | 8.50+1.049*** | 11.17+0.983** | 13.33+1.033***
4 B. diffusa (100 mg/kg 5.67+0.81¢ 6.67+0.514 HBF53*+* 8.17+0.753***
5 B. diffusa (200 mg/kg 6.00+0.894 7.33+0.816 &®3F53*** | 10.17+0.753***
6 B. diffusa (400 mg/kg 5.83+0.983% 7.50+1.044 080265 | 11.67+1.366***

All values are presented as MeansSD, (n = 6), p80,»<0.01**, p<0.001*** when compared to diseaseogp.

Table-4: Effect of ethanolic extract of Boerhaavialiffusa on rats subjected to pinprick test

SNo Groups Reaction time(Se(

' Week-0 4" week 8" week 13 week

1 Control 1.83+0.983 2.00+0.894 2.17+0.753 2.0029.8
2 STZ control 11.83+1.607 13.00+1.414 13.83+0.983 4.67+1.211
3 | Pregabalin (10 mg/kg] 11.83+1.169 9.17+1.472f™ 831.472%* | 5.33+1.033**
4 B. diffusa (100 mg/kg 11.50+1.049 10.33+1.033*9.67+1.211*** | 8.83+0.753***
5 B. diffusa (200 mg/k¢ | 11.33+0.81 | 10.00+0.894* | 8.50+1.049*** | 8.00+0.632***
6 B. diffusa (400 mg/ke | 11.67+1.21 | 9.83+0.983*** | 8.33+£1.033*** | 6.83+0.753***

All values are presented as MeansSD, (n = 6), p§9,(<0.01**, p<0.001*** when compared to diseaseogp.

Table-5: Effect of ethanolic extract of Boerhaavialiffusa on rats subjected to acetone drop test

S.No Groups Reaction time (Sec)
' Week-0 4" week & week 13 week
1 Contro 6.11+0.40 6.17+0.27! 6.22+0.58 6.06+0.49
2 STZ contro 28.06+2.47 31.78+3.50 34.17+3.18 32.44+3.08
3 Pregabalin (10 mg/kg) 27.8345.843  20.33+3.78371*13.33+2.171*** | 11.17+2.030***
4 B. diffusa (100 mg/kg) 29.33+4.104 27.39+3.832 .28%4.208*** | 23.44+3.331***
5 B. diffusa (200 mg/kg) 28.67+5.064 25.22+3.291 .17%#3.075*** | 18.17+2.614***
6 B. diffusa (400 mg/kg) 29.44+4.480  23.83+3.0971*18.94+2.551*** | 15.94+2.323***

All values are presented as Mean1SD, (n = 6), p80,»<0.01**, p<0.001*** when compared to diseaseogp.

Acetone drop test:

In this test, applying acetone on plantar surfédeyperglycemic rats results cold allodynia, ifrigplicated as rised
paw withdrawal duration than the normal control.irAals treated with B. diffusa at dose 400 mg/kg wa&en
significant (P<0.05) results from"4veek, and remaining 100, 200 mg/kg were starteshtwn reduction in paw
withdrawal latency from 8 week as compared to disease control (group 2).redise pregabalin 10 mg/kg was
significantly (P<0.001) decreased the paw withdidatancy from the % week (Table-5).
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Table-6: Effect of ethanolic extract of Boerhaavialiffusa on rats subjected to motor co-ordination tst (Rota-rod)

Falling time (Sec)
S-No Groups Week-0 4 week & week 13 week
1 Control 134.00£7.772 137.00+7.668 136.00+8.462 6.68t6.713
2 STZ control 56.83+5.981 60.67+6.314 63.67+5.354 6.38+5.164
3 Pregabali (10 mg/kg 58.50+6.59 83.33+6.186**’ | 101.83£8.377** | 110.17+6.646**
4 B. diffusa (100 mg/kg 60.50+4.037 65.50+3.674 .0023.742 75.83+4.167
5 B. diffusa (200 mg/kg 58.67+6.25 67.83+5.492 .8365.529** 83.17+5.742***
6 B. diffusa (400 mg/kg 57.00+6.229 74.50+4.93071* 88.00+6.693*** 94.50+6.775***

All values are presented as MeansSD, (n = 6), p§0,»<0.01**, p<0.001*** when compared to diseaseogp.

Table-7: Effect of ethanolic extract of Boerhaavialiffusa on rats subjected to locomotor activity tes(Actophotometer)

S.No Groups Reaction time (Sec)

’ Week-0 4" week & week 13 week

1 Control 121.50+10.877  123.50+11.692 121.83+8.565 120.33+9.501
2 STZ control 36.33+5.574 37.1745.672 39.67+#5.610 1.33+6.186
3 Pregabalin (10 mg/kg 37.1745.84% 52.67+£7.0051*64.83+£8.377*** | 72.17+9.517***
4 B. diffusa (100 mg/kg)|  38.17+5.776 42.17+4.53% .64%5.046 48.5045.357
5 B. diffusa (200 mg/kg)|  38.17+6.494 45.33+7.967 .83%8.796 53.17+9.786
6 B. diffusa (400 mg/k¢ | 35.67+7.20 46.33+5.42 56.17+6.210 | 65.00+7.321*

All values are presented as Mean1SD, (n = 6), p80,»<0.01**, p<0.001*** when compared to diseaseogp.

Table-8: Effect of ethanolic extract of Boerhavia dfusa on lipid peroxidation (TBARS), Superoxide dsmutase (SOD) , total protein and
total calcium levels in normal and diabetic rats neve tissue

S.No Groups TBARS_ SOD _ Total Prptein Total calcium
) (nM/gm wet tissue) | (U/gm wet tissue) | (pg/mg tissue) (mg/dl)
1 Control 16.22+4.991 48.66+6.930 77.68+6.108 719861
2 STZ control 61.50+11.738 10.09+5.579 30.65+4.247 31.42+3.031
3 Pregabalin (10 mg/kg 36.22+4.763 32.14+4.913 A&27.360 16.99+3.340
4 B. diffusa (100 mg/kg) 55.11+5.314 16.22+4.771 .73%4.273 26.16+3.100*
5 B. diffusa (200 mg/kg) 50.39+7.865 19.8845.2914  8.ZB+5.496 24.09+2.432%*
6 B. diffusa (400 mg/kg) 43.17+7.226** 25.02+3.668 | 47.28+4.424* | 20.88+2.749***
All values are presented as MeansSD, (n = 6), p80,»<0.01**, p<0.001*** when compared to diseaseogp.

Table-9: Effect of ethanolic extract of Boerhavia dfusa on fasting blood glucose levels

S.No Groups Day-0 Day-3 9 week 8" week 12" week
1 Control 84.3346.91 86.5+7.71 84.5+£7.91 85.16+6.67 87.833+5.45
2 STZ control 84.16+7.11 303.16+10.14 331.6+£18.61 68.33+69.47 424.16+49.43
3 Pregabalin (10 mg/kg 88.66+4.45 304+28.89 32610886 360.833+37.87 394+49.05
4 B. diffusa (100 mg/kQg), 82+8.04 313.16+44.21 2883%1.61* 265.5+£17.47* 250.83+16.85**}
5 B. diffusa (200 mg/kg) 85.66+8.5p 302.33+49..15 8.33+43.55* 239.5+36.09** 212+14.66***
6 | B.diffusa (400 mg/kg) 77.66+7.86  310.5+50.17 B6%28.43* | 192.66+21.91% | 107+16.81°*

All values are presented as MeansSD, (n = 6), p§0,»<0.01**, p<0.001*** when compared to diseaseogp.

Table-10: Effect of ethanolic extract of Boerhaviaiffusa on Body weights

S.No Groups Week-0 % week & week 13 week
1 Control 207.33+10.94 218+4.19 226.5+4.5p 230.66&7
2 STZ control 215+7.45 197.66+7.033 182+10.2p 14040
3 Pregabalin (10 mg/kg 216.16+5.87 202.5+10.83 38786 1754 .47*
4 B. diffusa (100 mg/kg 210.83+8.2 196.16+£12,25 90.16+7.46 186.83+9.28***
5 B. diffusa (200 mg/kg 208.83+11.19  191.66+13/7183.33+11.25 189+11.83**
6 B. diffusa (400 mg/kg 210.6616.91. 195.83+7.02 7.68+10.01| 192.16+9.13**¥

All values are presented as MeansSD, (n = 6), p§3,(<0.01**, p<0.001*** when compared to diseaseogp.

Motor coordination and locomotor activity:

Rats treated with various doses of B. diffusa wamewn significant improvement in muscle grip sttbngnd
locomotor activity as compared with disease controprovement in motor coordination activity wasiewved with
the dose of 200 and 400 mg/kg from"zhd 4' weeks respectively (Table-6). Whereas, B. duf#@@ mg/kg and
pregabalin 10 mg/kg were significantly improved tbheomotor activity from 8 and 4' weeks respectively (Table-
7).

836



Sandeeep Kumar K.et al J. Chem. Pharm. Res., 2016, 8(3):831-840

Effect of B. diffusa on Biochemical Parameters:

During twelve weeks of the study, STZ induced dimbeats showed elevated levels of lipid peroxidatitotal
calcium and decrease in SOD levels and total proteiue significantly (P<0.05) in comparison witbrmal
control (Table-8).

Lipid peroxidation (TBARS):
The rats treated with B. diffusa with 400 mg/kg gmegabalin 10 mg/kg p.o were significantly redutesl elevated
lipid peroxidation levels.

Superoxide dismutase (SOD):
Pregabalin 10 mg/kg and B. diffusa 200, 400 mg/kgeashowed significant improvement in SOD levelsraul2
weeks of treatment as compared with group 2.

Total protein levels:
A significant (P<0.05) improvement in total protéavels was noted with the 400 mg/kg of ethancktract of B.
diffusa roots (EEBD) and pregabalin 10 mg/kg only.

Total Calcium:
The raised total calcium levels has been signiflgareduced by 100, 200 and 400 mg/kg of B. diffumad
pregabalin 10 mg/kg when compared with diseaseclorts.

Fasting blood glucose levels:

A marked rise in fasting blood glucose level wasestsed in STZ treated groups as compare to norovatal.
Whereas, treatment with EEBD (100, 200 and 400mgska) caused significant reduction in the levdidasting
blood glucose in a dose dependent manner. Whestasjard reference pregabalin did not decreaséltol
glucose levels in the entire study period (Table-9)

Body weight:
Normal rats gained weight significantly throughalie experimental period, while both the controlbeigc and
EEBD diabetic animals had significantly (P < 0.004yver body weights when compared to normal animals
However, EEBD (100, 200 and 400 mg/kg) and pregalk{dD mg/kg) treated diabetic rats were maintaitiesir
initial weights during the 12 weeks treatment perathough at the end of the experiment their bedights were
significantly less than those of normal rats. Imtcast, the control diabetic rats showed significaeight loss when
compared to both the normal rats and the EEBDdctkdiabetic rats at the end of the 12 weeks expattirfi able-
10).

DISCUSSION

In this study, Boerhaavia diffusa extract was gif@nprevention as well as treatment of neuropagidin in STZ
induced diabetic rats. The development of neurgpatas observed at 0 week after STZ induction, Whicas
consistent with previous reports [21]. Streptozitogain popularity to induce type-1 hyperglycaerriarodents
[39] which resembles to human insulin dependenbeties mellitug40]. Streptozotocin induced hyperglycaemia
probably due to pancreatic DNA alkylation throughl@d'2 transporter mechanism [41, 42], which inteniggers
multiple biochemical pathways such as polyol pathweexosamine pathway, protein kinase C pathwayQRK
advance glycation end (AGE) product and poly adpalsose polymerase (PARP) pathway all of thesavpays
contribute towards oxidative stress by generaR@fS in a mitochondria results in nerve damage andapathy
[43].

In this study diabetic rats showed a significaserin blood glucose levels and decreased body wéigim the
normal rats. Hyperglycaemia in turn influence padysis in skeletal muscle and lipolysis in adiptissues results
in severe weight loss in the animal models.

B. diffusa Linn. (100, 200 and 400 mg/kg b.w) teshhyperglycaemic animals were shown a significadtiction

in blood glucose levels throughout the experimeitih wignificant improvement in body weight, it cdube due to
B. diffusa persisting insulin secretogoge actiée kulfonylurias.
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STZ induced diabetic animals are the models foormiar neuropathic pain with hyperalgesia and alléalythat
reflect symptoms observed in diabetics [44,45]. ¢¢erthe behavioural parameters such as thermalcalt
hyperalgesia; and allodynia was assessed by usitpdgke, pin prick, acetone drop test, and hot @id water tail
immersion tests along with motor coordination adf a& locomotor activity.

In behavioural examination, diabetic rats were ghaewgnificant reduction in tail and paw withdrawatency than
the normal control rats, is an indication for desed nociceptive threshold to heat resulting hygessa and
allodynia. Similar models of thermal hyperalgesia dail flick latency have been reported previouslySTZ
induced diabetic animals. The delay in tail withdaa response depicts the involvement of spinalesefirc and
delay in paw withdrawal latencies to noxious thdrstamuli depicts the involvement of supra spinahsory
pathways.

The hyperalgesic response to a noxious stimulusgpck) and development of cold chemical senditiin diabetic
rats were shown significant rise in hind paw withelal latency than the normal rats. It has beenrtegahat
involvement of TRPAl1 and ATP-gated purinergic idraonel P2X3 may be responsible for mechanical
hyperalgesia [46].

However, rats treated with 200 and 400 mg/kg wéx@ve improvement in muscle grip strength af’ #hd &'
weeks respectively as well as progress in locomattivity was observed af'8veek with 400 mg/kg.

B. diffusa alleviates hyperglycaemia induced meatanthermal hyperalgesia and cold allodynia. igim be due
to straight glycaemic control reverses the hypexagynia induced generation of ROS, which intern lvaa in
regulation of gene promoting inflammatory reactim@sults in neuronal dysfunction and generation ah §43].
Moreover, it is well established that ROS are ghairevolved in pain transmission [47]. The presstudy shows a
significant rise in lipid peroxidation, and decredserve protein, superoxide dismutase levelsteréntdication of
the involvement of oxidative stress in diabetesiostl neuropathy.

Generation of peroxynitrite by a reaction betweepesoxide anions and nitric oxide results protétnoeylation,
lipid peroxidation, DNA damage and cell death shatiect toxic effects on nerve tissue [48]. Supétex
dismutase (SOD) protect biological tissues fromhhigeactive superoxide anions by converting therhytdrogen
peroxide, this hydrogen peroxide intern convertedwater with the help of reduced glutathione (GSH),
hyperglycemia is known to involve in non-enzymagigcosylation which results in reduced activity 80D in
sciatic nerve of animals [49]. Thus, the concurdatrease in endogenous antioxidant defence syatdms sciatic
nerves more vulnerable to hyperglycemia-induced ative stress. Chronic treatment with B. diffusgndicantly
increases tissue SOD levels and reduces lipid atan in diabetic animals.

The present study shows a significant rise in aaHalar calcium concentration in neuropathic nateen comared
with normal control rats. Excess calcium will peigiate in triggering a response of calpain and odimin and
calcium dependent kinases leads to imbalanced h&tas® in the nervous system result in neuronalethyp
excitation [50].

Chronic treatment with B. diffusa significantly bks the calcium conduction in the nerve tissue alfeliates
hyperglycaemia induced neuropathy. This could be wupresence of liriodendrin in the roots of Bffutia has
proven for its anticonvulsant activity [51] and@am channel blocking property [52].

Our findings support the argument on generatiomeattive oxygen species, calcium channel over @bt in
chronic hyperglycaemia may be major culprits inealvn axonal degeneration and generation of nethiappain.

On the basis of data in hand and with support filoenliterature, it may be proposed that B. diffusgproduced an
ameliorative effect in STZ induced diabetic paifl fieripheral neropathy which may be attributedtsomultiple
effects viz. anticonvulsant, antioxidant, antiditdieantistress, hepatoprotective, antifibrinoly@mti inflammatory
activity.

Pregabalin is a selective Ca 2.2 (a2- delta supehiannel antagonist. It has potential actions [ikedecessor

gabapentin, it is a structural analogue (but notfional) of the gamma aminobutyric acid. Pregabladis analgesic,
anti-convulsant and anxiolytic activities [53]. Eligical trials have demonstrated an anti-hypersilgand anti-

838



Sandeeep Kumar K.et al J. Chem. Pharm. Res., 2016, 8(3):831-840

allodynic effect of pregabalin in various animaldets of neuropathic pain [54-56]. Data of our statso supports
these reports.

Therefore, B. diffusa root extract was proposed thaaddition to its anidiabetic, antioxidant, andltage gated
calcium channel blocking properties are the promtifeatures in attenuation of diabetes inducedopmathy and
its generating pain. Nevertheless, further studesded to substantiate these findings.

CONCLUSION

In conclusion, the present study has shown that,ethanol extract of B. diffusa root have attendidtee STZ
induced diabetic neuropathy in rats. These effewy be attributed to its potential antidiabeticti-amidant and
calcium channel blocking properties.
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