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ABSTRACT: The iaim iof ithe ipresent istudy iwas ito iscreen iimmunotoxicity iand iassess iin ivivo iimmunomodulatory iactivity iof ian iactive ifraction iof 

iBoerhavia ierecta i(BE) ihaving i1-(4-hydroxytridecyloxy) ipentadecan-4-ol. iA itotal iof i60 ifemale iBALB/c imice iwere irandomly idivided iinto isix 

iexperimental igroups i(n i= i10), iGroup i1 i(vehicle icontrol), iGroup i2 i(250 img/kg), iGroup i3 i(500 img/kg), iGroup i4 i(1000 img/kg), iGroup i5 i(vehicle 

irecovery) iand iGroup i6 i(high idose irecovery). iClinical ilaboratory iinvestigations i(hematology, ibiochemistry), iimmunoglobulins i(IgA, iIgE i& iIgG), 

ihistopathology, igross ipathology, inecropsy iwere iperformed ion iday i28 ifor ithe ifirst i4 igroups iand ion iday i56 iin irecovery igroups i(5 iand i6). iFor 

iimmunomodulatory istudies, iplaque iforming icell iresponse ito icheck ihumoral iimmunity iand iSheep iRed iBlood iCorpuscles i(SRBC) ito icellular 

iimmunity iwas ievaluated. iImmunotoxicity istudy iresults iwere inormal iwith ino istatistically ior iclinically isignificant iabnormal ichanges ibetween ithe 

itested iand irecovery igroups. iBE iextract iwith iactive ifraction iof ithe iisolated icompound idoes inot ihave iimmunotoxic ieffects ibut iexhibited 

iimmunosuppression ispecific ito icell-mediated iimmunity iin ifemale iBALB/c imice. 

Keywords: iHumoral iimmunity; icell-mediated iimmunity; iimmunotoxicity; iimmunomodulatory; iimmunosuppressive 

 

INTRODUCTION 

Boerhavia ierecta iL i(BE), ia ipowerful ianti-inflammatory iherb idistributed ipredominantly iin ithe itropical iand isub-tropical iareas iof ithe iworld 

ihas ibeen ipaid iless iattention ifor imany idecades iinspite iof iits ipotential itherapeutic iactivity iagainst iarthritis iand idiabetes. iQuite ia igood iresearch 

idata iis iavailable ion ithe iroots iand istem iparts iof iB. idiffusa, ia iclose imember iof iB. ierecta, iestablishing iits ipotent iantidiabetic i(Rajeswari iet ial., i2010; 

iSingh iet ial., i2005) iand iimmunosuppressive iactivities i(Karri iet ial., i2017). iOur iin ivitro istudies ihave iconfirmed ithe iresults iscientifically ion iB. ierecta’s 

ianti-inflammatory iand iantidiabetic iactivities, ihitherto iunreported. iIn ithis icontext, iwe ihave iisolated ia inovel iand ibiologically iactive icompound, i1-(4-

hydroxytridecyloxy) ipentadecan-4-ol, ifrom ichloroform ifraction iof ihydro-alcoholic iextract iof iroot iand istem iparts iof iBoerhavia ierecta iL. 

i(Nyctaginaceae). iThis inew icompound idemonstrated ipositive iresults ion iimmunomodulatory iactivity iin ivitro i(In iPress). iHowever, iit iforms ia ibasic 

iand iimperative istep ito iscreen iimmunotoxic iactivity, iif iany, iprior ito iestablishing iits iimmunomodulatory iactivity iin ivivo. iEarlier, iacute, isub-acute 

itoxicity istudies ion iaqueous iBE iextracts iwere ireported ion iWistar irats i(Lagarto iet ial., i2011) ibut ino idata iexist ion iimmunotoxicity istudies. iThe 

ipresent istudy ion iscreening iimmunotoxicity iand ievaluating iimmunomodulatory ieffects iin ithe ianimal imodel ifor ithe iactive ifraction iof ithis iherb iis 

ione iof iits ikind. 

In iview iof ithe iremarkable isimilarities ibetween itreatments iof iRheumatoid iArthritis i(RA) iand iType i1 iDiabetes iMellitus i(T1D) iand iassociated 

ilong iterm iadverse ieffects iof ipharmaceutical idrugs iin ithe itreatment iof isuch ichronic imetabolic idisorders, iit ihas ibecome isignificant ito iexplore 

iimmunomodulatory iactivities iin ivivo ithrough iherbals. iFor iinduction iof ieither iRA i(Baddack iet ial., i2013) ior iT1D i(Zou iet ial., i2008), iBALB/c imice iare 

ialways ipreferred iover iWistar irats. iFurther, ito icorrelate iat ileast itwo iautoimmune idisorders iin ia isingle ianimal imodel, iour iproposed ihypotheses ito 

isubsequent ifuture ianimal istudies, ithe ipresent iimmunotoxicity istudies ihave ibeen iconducted iexclusively ion iBALB/c imice. 

 

 

MATERIALS AND METHODS  

2.1 Animals: 

In ithe iimmunotoxicity istudy, ispecific ipathogen ifree ifemale iconventionally iin-housed irandom ibred iBALB/c imice, iweighing i20 i(±3) ig 

iwere iused. iAs ithe isubsequent iefficacy istudies iwere iplanned ion iBALB/c imice, iother irodent ispecies i(Wistar irats) iwere inot iused iin iany iof ithe 

itoxicity istudies. iBALB/c imice iaged i8 ito i10 iweeks iwere ihoused, iair iconditioned iwith iadequate ifresh iair isupply iunder istandard ilaboratory 

iconditions, iroom itemperature iat i20.2 i– i23.5 i°C iand irelative ihumidity i58-64% iwith i12 ih ifluorescent ilight iand i12 ih idark icycle. iAnimals iwere ifed 

iwith ipelleted ifood i(Provimi’s iNutrilab irodent ifeed) iand ipotable idrinking iwater isupplied iad ilibitum iwhile ihousing ithem iin ipolypropylene icages 

ithroughout ithe iacclimatization i(5 idays) iand iexperimental iperiods. I 
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2.2 Ethics: 

Acute iand iimmunotoxicity istudies iwere iconducted ias iper ithe irecommendation iof ithe iCommittee ifor ithe iPurpose iof iControl iand 

iSupervision iof iExperiments ion iAnimals i(CPCSEA) iguidelines ifor ilaboratory ianimal ifacilities ipublished iin ithe igazette iof iIndia, iDecember i15th i1998. 

iAnimal istudies iwere iprospectively ireviewed iand iapproved iby ithe iInstitutional iAnimal iEthics iCommittee, iBangalore; ivide iapproval ireference i# 

iRR/IAEC/03-2015. I 

 

2.3 Chemicals: 

Dexamethasone iand iFreund’s icomplete iadjuvant iwere ipurchased ifrom iSigma i(St. iLouis, iMO), iHiMedia iLaboratories iPvt. iLtd. i(Mumbai) 

iprovided istains iof iHematoxylin. 

 

2.4 Test Samples: 

Chloroform ifraction icontaining i1-(4-hydroxytridecyloxy) ipentadecan-4-ol, iisolated ifrom ihydro-alcoholic iextract iof iroot iand istem iparts iof iBoerhavia 

ierecta iL, iwere ithe itest isamples iat i3 idifferent idoses i(250, i500 iand i1000 img/kg ibody iweight) iand ithe ianimals iwere idosed iper irespective ibody 

iweights. 

 

2.5 Acute toxicity study: 

In ithe iacute itoxicity istudy, ia isighting ior iobservational istudy i(step iI) iwas iinitiated ito iselect ipertinent idose iin ione ifemale imice. iBecause 

iof ithe iunavailability iof isufficient itoxicological idata, ia istarting idose iof i300 img/kg ibody iweight i(b. iwt.) iwas iselected ifor imain istudy ias iper ithe 

isequential idose iselection iflow ichart iof iOrganization ifor iEconomic iCo-operation iand iDevelopment i(OECD) i420 iguideline. iNo iclinical isigns iof 

itoxicity ior imortality iwere iobserved iin istep-I iand itherefore ianother isingle ifemale imouse iwas iselected ifor isighting istudy istep i- iII irandomly ithat 

iweighed i2000 img/kg ib. iwt. iwhere iagain iclinical isigns iof itoxicity iand imortality iwere inot iobserved. iFor iany iclinical isigns iand imortality iprior ito 

iconducting ithe inext idose, ia i24 ih iobservation iperiod iwas iallowed ifor ieach isighting istudy. 

 

As ithere iwere ino iexternal isigns iof itoxicity ior imortality iin istep-II, ifour ifemale imice i(nulliparous iand inon-pregnant) iwere iconsidered ifor 

ithe imain istudy. iThe itest isample i10% i(w/v) iwas iadministered ias ia isingle ioral iaqueous isolution iof i2000 img/kg ib.wt. iFor iany isigns iof imortality, 

ianimals iwere iobserved iat iregular iintervals iof i30-40 imin, i1 ih, i2 ih, i3 ih iand i4 ih iwith ia ibuffer iperiod iof i± i10 imin ion iday i1 iafter idosing iand 

ionce idaily ifor ithe iremaining i14 idays iof iexperimental iperiod. iIndividual ianimal ibody iweights iwere irecorded ion iDay i1, iDay i7 iand ion iDay i14. iAll 

iobservations iwere irecorded ion igross ipathology iand ihistology iexaminations. I 

 

2.6 Immunotoxicity study: 

2.6.1 Design of the study 

Animals iwere idivided iinto isix igroups iconsisting iof i10 ifemale iBALB/c imice iin ieach igroup i(G1, iG2, iG3, iG4, iG5, iG6). iFirst ifour igroups 

iserved ias imain igroups i(G1-G4), iwhile ithe ilast itwo iare irecovery igroups i(G5 i& iG6). iExcept iG1, iall ithe igroup ianimals iwere itreated ifor i28 idays 

i(repeated idose), iwhereas i(G5, icontrol irecovery i- idistilled iwater) iand i(G6, ihigh idose irecovery) iwere inot itreated ifor ianother i28 idays. iG5 i& iG6 

igroups iwere ito iassess ithe ireversal iof itoxic ieffects iof itest idrug, iif iany. iOn ia idaily ibasis, iall ianimals iwere iobserved ifor imorbidity iand imortality. 

iPhysical iexaminations ilike itremors, iconvulsions, iand ipalpebral iclosure, iother iobservations ilike isalivation, ilacrimation, ieye iprominence, ired itears, 

imuscle itone iand irespiratory icharacter; iOpen ifield iobservations ilike ibacking, igrooming, igait, iarousal iand isensory iobservations ilike irighting ireflex, 

ipupil iresponse; iGrip istrength-forelimb iand ihind ilimb, ihind ilimb ifoot iplay iand irectal itemperature iwere iexamined. iEach idose iwas iprepared ifresh 

idaily ibefore ioral iadministration. iAll idosing iprocedures iwere iperformed iapproximately isame itime ionce ievery iday i(±1 ih); idaily ibody iweights iwere 

irecorded iprior ito ithe idosing. iBody i(rectal) itemperature iwas imeasured iusing idigital ithermometer i(Shenzhen iLife iTechnologies iCorporation, iChina) 

ito iminimize ithe istress iresponse, ionce iper iweek iduring ithe itreatment iperiod. 

 

2.6.2 Dosing schedule: 

Three itest idoses iof ichloroform ifraction iwere iselected ibased ion ithe iNo iObserved iAdverse iEffect iLevel i(NOAEL) iduring isingle idose iacute 

itoxicity istudy. iBased ion iinitial ivalue iof i2000 img/kg ib. iwt. iin ithe iprevious istudy, ithree idoses iwere iproposed ifor iin ivivo iimmunotoxicity istudy: i(i) 

i1000 img/kg ib. iwt., ihigh idose; i(ii) i500 img/kg ib. iwt., imedium idose; iand i(iii) i250 img/kg ib. iwt., ilow idose. I 

 

2.6.3 Food consumption, body weight, relative organ weights:  

Food iconsumption iwas imeasured iat iweekly iintervals. iPrior ito iblood icollection, iall ianimals iwere isubjected ito ifasting icondition iovernight 

i(water iallowed). iAll imice iwere iobserved ifor imorbidity iand imortality ionce idaily. iIndividual ibody iweights iwere irecorded iand iwere isubsequently 

ieuthanized iby iintraperitoneal iinjection iof ipentobarbital isodium i(40 img/kg ib.wt.). iBlood isamples iwere icollected ion iday i28 ifrom imain igroup iof 

ianimals iwhereas iit iwas ion iday i56 ifrom ithe irecovery igroups. iThe iliver, iheart, ikidney iand ispleen iwere ithen iexcised iand iweighed iafter iblotting. 

iRelative iorgan iweights iwere icalculated ias ithe iratio iof iorgan iweight i(mg) ito ithe ibody iweight i(g). 

 

2.6.4 Clinical laboratory investigations: 

During ipre-treatment, iblood isampling iwas ifrom ithe iretro-orbital iplexus iwhereas iat isacrifice iit iwas ifrom ithe iabdominal iaorta. iBlood iwas 

icollected iinto iEDTA ifor ihematology iand ilithium iheparinized itubes ifor iclinical ichemistry. iHematology iwas iperformed iusing ia iSysmex iXT i1800iv 

ihaematology ianalyzer. iPlasma iwas iseparated ifrom ithe iblood iusing ia irefrigerated icentrifuge i(4000 irpm iat i4 i°C) iand ianalysed ifor iclinical 

ichemistry iusing ian iRx iDaytona i(Randox) iautomatic ianalyzer. 
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2.6.5 Gross Necropsy and Histopathology: 

On iday i29 i(G1-G4) iand iat ithe iend iof ithe i28-day irecovery iperiod i(G5 i& iG6), ithe ianimals iwere ileft iovernight iin ithe ifasting icondition 

iwith imild iwater iintake, ianaesthetized, iweighed iand iwere isubjected ito idetailed inecropsy. iThe iliver, ikidney iand ispleen itissues iwere icollected ifrom 

ieach ianimal iand iplaced iin i10% ibuffered iformalin ifor iprocessing. iSubsequently, ithe isections iwere iembedded iin iparaffin iand ithe itissues iwere 

istained iwith iHeamatoxylin iEosin. iFollowing ithis, ihistopathological ievaluations iwere iperformed ion iorgans iof ianimals ifrom iall ithe igroups. 

 

2.6.6 Elisa measurement of the Immunoglobulins (IgA, IgM and IgG): 

The iELISA ireaction iwas iperformed ias iper istandard iprotocol, ipost isensitizing iwith i2 iμg/100μL iwell iof ithe iantigen ipreparation iin 

ipolystyrene imicroplates i(Hemobag), ithe imicroplates iwere ideveloped. iWith ian iautomatic ireader ithe imicroplate iabsorbances iwere iread iat i492 inm 

i(Loveren iet ial., i1991; iLadics iet ial., i1995; iArrriba iet ial., i2002). 

 

2.7 In vitro immunomodulatory activity: 

2.7.1 Humoral immunity 

Cell iresponse iassay ito isheep iRBCs iwas iassessed i(Talwar iet ial., i1992) ifor idetermining ithe itest isample/compound’s ihumoral iimmunity. 

iBriefly, ifrom ifour igroup iof ianother iset iof imice i(G1 i- i250 img/kg ib. iwt., iG2 i- i500mg/kg ib. iwt., iG3 i- i1000mg/kg ib. iwt. i& iG4 i- iDexamethasone 

icontrol i10mg/kg ib.wt.), iwith ieach igroup iconsisting iof ifive imale iand ifemale imice iwere iused ifor ithe iassay iand idosed iorally iat i10% i(w/v). iThe 

ianimals iwere iimmunized iwith i5% isheep iRBC ithrough ii.v ion ithe i24th iday iof itreatment. iThe ianimals iwere ieuthanized itowards iend iof ithe 

itreatment iperiod; ispleens iwere ihomogenized, itotal inumber iof ilymphocytes iper ispleen iwas icounted iand iincubated iwith i2 imL iof i1:10 iguinea ipig 

icomplement. iThe inumber iof iplaques i(clear izones) iper ispleen iwas icalculated ias ia imeasure iof ihumoral iimmunity. 

 

2.7.2 Cell mediated immunity: 

Cell imediated iimmunity imeasured iby idelayed itype ihypersensitivity i(DTH) iresponse iwas iassessed ias iper iprotocol i(Higuchi iet ial., i1983), 

iwith isome imodifications. iOn isimilar ilines iof iplaque iforming icell iassay, ifour igroup iof ianother iset iof imice iin ifour igroups iwere iused iin ithe iDTH 

istudy. iMice iwere isensitized iby ia isubcutaneous i(SC) iinjection iwith i50 iµL iof iSRBC i(108 icells) ion iday i18 iof ithe iexposure iperiod i(or iday i2 ifor 

idexamethasone icontrol igroup). iAfter i10 idays, ithese isensitized imice iwere ichallenged iby iinjecting i50 iµL iof iSRBC i(108 icells) iinto itheir iright ihind 

ifootpad. iBy iusing ia ipressure isensitive imicrometer iscrew igauge i(Mitutoyo, iKawasaki, iJapan) iswelling iwas imeasured i24 iand i48 ih ipost-challenge iin 

ithe iright ihind ifootpad. 

 

2.8 Statistical analysis: 

Differences ibetween icontrol iand ithe itreatment igroups iwere iassessed iby ione-way ianalysis iof ivariance ifollowed iby iDunnett’s it-test. iThe 

iresults iwere iexpressed ias iMean i± iSD. iAll icomparisons iwere ievaluated iat i5% i(p<0.05) ilevel. I 

 

3. RESULTS 

3.1 Acute toxicity study: 

None iof ithe ianimals ihad iclinical isigns iof itoxicity ior ideaths iwith ithe idoses itested. iNo ichanges iin ibody iweights iobserved ithroughout 

ithe iexperimental iperiod iat iall ithe idoses itested i(Table i1). iNo igross ipathological ichanges iwere inoticed. iNo iobserved iadverse ieffect ilevels i(NOAEL) 

iand imortalities iwere ifound iat ithe ihighest idose itested i(2000 img/kg ibody iweight) iat i10 i% i(w/v) istrength iin iacute itoxicity istudy. 

 

3.2 Immunotoxicity study: 

3.2.1 Animal feed consumption (g), body weight (g) and relative organ weights: 

There iwere ino iabnormal iclinical isigns iof itoxicity ior ideaths iobserved iin iany iof ithe itreatment ior icontrol igroup ianimals iduring ithe 

icourse iof ithe istudy. iNo istatistically idifferent ibody iweight ichanges ibetween ithe icontrol iand itreatment igroups iwere iobserved iduring ithe icourse 

iof ithe istudy. iHowever, ithe igain iin ibody iweight iduring ithe icourse iof ithe istudy iwas icomparable iin iall igroups i(Table i2). iThis icould ibe idue ito 

iincrease iin ithe iage iof ithe ianimals ias ievident ifrom irecovery igroup ianimal iweights i(G5 i& iG6). iNo inoticeable ivariations iin ithe ifeed iconsumption 

ibetween ithe icontrol iand itest icompound itreated igroups iwere iobserved iduring ithe icourse iof ithe istudy iand ialso iin ithe irecovery iperiod. i iRelative 

iorgan iweights iof iliver, ikidney, iheart iand ispleen iindicated ineither ia iclinical inor ia istatistical isignificant ichange ibetween ithe ianimal igroups 

ithroughout ithe istudy i(Table i3). 

 

3.2.2 Hematology: 

There iwere ino imajor idifferences iin ithe ihematology i(Fig. i1) iparameters ievaluated ibetween ithe itreated igroup ianimals. iHowever, ion iday 

i28, ithere iwas ia ireduction iin iwhite iblood icell iand iplatelet icount iin iG3 igroup i(500 img/kg ib.wt.) ianimals. i iThis ireduction iwas inot istatistically 

isignificant iwhen icompared ito irespective icontrol irecovery igroups ion iday i28. iDuring ithe iexperimental iperiod iof i28 idays, ino idrug irelated ideaths 

iwere iobserved iand iall ianimals isurvived. iBlood iparameters isuch ias itotal ierythrocyte icount i(TEC), ipacked icell ivolume i(PCV) iand ihemoglobin i(Hb) 

icount ihad ino isignificant idifference ibetween ithe igroups. 

 

3.2.3 Biochemistry: 

Total ibilirubin iand iserum icreatinine ivalues iincreased ifrom ibaseline i(day i0) ito iday i28 iamongst iall ithe igroups iincluding ithe inormal 

icontrol i(G1) iand irecovery icontrol igroups i(G5 i& iG6) idemonstrating ithat iit iis inot iabnormal irise idue ito itest icompound. i iThere iwas ia isudden idip 

iin itotal iprotein icount iin iG4 igroup i(highest idose) ion iDay i14, ihowever, ia isimilar idecrease iwas ialso iobserved iin icontrol irecovery igroups i(G5 i& 

iG6). iAs ithe ivalues iwere inormal ion iday i28 ibetween iany iof ithe itreatment igroups iand icontrol irecovery igroups ion iday i56, ithe isudden idip ion iday 
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i14 icould ibe iincidental iand inot irelated ito ithe itest idrug. iBesides ithese, ithere iwere ino imajor idifferences iin iany iother ibiochemistry i(Fig. i2) 

iparameters ilike iAlkaline iPhosphatase i(ALP), iSerum iGlutamic iOxaloacetic iTransaminase i(SGOT), iSerum iGlutamic iPyruvic iTransaminase i(SGPT) 

ibetween ithe itreated igroup ianimals. I 

 

3.2.4 Histopathology: 

Histopathological iexamination iof iliver, ikidney iand ispleen idid inot ireveal iany isignificant ichanges. iLesions iobserved iin icontrol iand ihigh 

idose igroups ianimals i(1000 img/kg/day) iwere icomparable iand iappeared ito ibe iincidental iand ispontaneous iin inature iand ihence iare ibelieved inot 

ito ibe irelated ito ithe itest iitem i(Fig. i3). 

 

3.2.5 Immunoglobulin (IgA, igM and igG): 

Values iof ithree idifferent itypes iof iimmunoglobulins isuggested ithat ioverall ithere iwere ino imajor ichanges ibetween idifferent igroups. 

iHowever, iin iIgA itype ialone ithere iwas ia istatistical isignificant ichange iin ithe ivalue iat ithe ilowest idose itested. iWhereas, ithe imedium iand ihigh itest 

idose igroups idid inot ishow iany isuch isignificant ivariations. iInterestingly, iboth icontrol irecovery i(G5) iand ihigh idose irecovery igroup i(G6) ianimals 

idemonstrated ian iincrease iin ithe iIgA ivalues iat i33.21± i0.28 iand i34.38 i± i0.29 irespectively i(Fig. i4). iThe ivalues iare iexpressed iin img/ml. iThese iELISA 

iprocedures iwere iperformed iin itriplicate iand ithe ivalues iare imean iof iexperimental iresults. 

 

3.3 In vitro immunomodulatory activity: 

3.3.1 Humoral immunity: 

Humoral iimmunity iwas imeasured iby ihemolytic iplaque i(antibody) iforming icell iassay i(PFC) ifollowing ichallenge iwith iantigen. iPFC iis ia 

iproven imethod ifor ithe ievaluation iof iimmunosuppression. iSplenic ilymphocytes iand ithe iplaque i(antibody) iforming icells iin iall ithe itest icompound 

itreated igroups iwere isimilar ito ithat iof ithe icontrol igroup iindicating ithat ithe icompound idid inot iincrease ithe iantibody iforming icells iin ithe ispleen 

i(Fig. i5a). 

 

3.3.2 Cell mediated immunity: 

The idelayed-type ihypersensitivity i(DTH) iresponse iis iconsidered ias ian ieffector imeasure iof icell imediated iimmunity. iIt iis icharacterized iby 

ivisible ilocal iinflammatory ireaction iwith ierythema, iedema iand iswelling iin ithe ivehicle icontrol imice. iIn ithe iDTH iassay ithe imean iskin ithickness 

i(mm) iin ihigh idose itest idrug igroup imales iwas i1.8±0.13, i1.9±0.05 iand i2.0±0.08 iat i24, i48 iand i72 ih ipost ichallenge iand ithe icorresponding iscores 

iin ithe icontrol igroup iwere i1.5±0.09, i1.8±0.03 iand i1.7±0.07mm irespectively. iSimilar iobservations iwere ifound iin ithe ihigh idose ifemale iand itheir 

icorresponding icontrol igroup ianimal ivalues iindicating ithat ithe itest idrug imay ihave ia irole iin icell imediated iimmune iresponse iat ithe itested ihigh 

idosage ilevel i(Fig. i5b i& ic). I 

 

Clinical iobservations i(results inot ishown) iwere idirectly iproportional ito ithe itest idose iadministered. iAt ilow idose, ithere iwas imild iedema 

ibut ino iswelling. iAt ihigh idose, imild iedema iand ierythema iwas iobserved. iThe iDTH iresponse, imeasured ias ipercent iincrease iin ipaw ithickness iat ia 

igiven itime ipoint, idecreased iin ithe imedium itest idose imice iafter i24 ih, ibut iwas inon-significant i(p>0.05). iWhereas iin ihigh itest idose iand 

iDexamethasone i(DXM) itreated imice isuppressive iresponses iwere inoted iboth iclinically iand istatistically. iIn ithe istandard iDXM-treated imice, iDTH 

iresponses iwere isuppressed isignificantly iat i48 ih ipost ichallenge iin ithe imedium iand ihigh itest idose igroups ithan iat i24 ih ichallenge. 

 

4. DISCUSSION: 

Immunomodulatory iactivities iof iBoerhavia idiffusa iwere iestablished iscientifically i(Manu iet ial., i2009). iHowever, iin iBoerhavia ierecta, ia ivery 

iclose ifamily imember iof iB. idiffusa, ino iin ivivo idata iexists ion iits iimmunotoxicity ior iimmunomodulatory ieffects. iIn iour istudy, ieven ithe ihighest itest 

idose i(1000 img/kg/day ib. iwt.) ihas ishown ino imarked ichanges iin ifood iconsumption, ibody iand ikey iorgans iweight. iThere iwere ineither iclinically 

isignificant inor istatistically isignificant ichanges iin ilaboratory iparameters. iDecrease iin ileucocyte iand iplatelet icount iin ithe ilowest itest idose igroup 

ianimals icould ibe iincidental. iSignificant ireduction iin ithe itotal iprotein icount iin ithe ihighest itest idose igroup ianimals iwas icomparable ito ithat iof 

icontrol iand irecovery igroups. iHigh ior ilow iblood iprotein iis inot ia ispecific idisease ior icondition iin iitself. iFrom ithe ihematology iand ibiochemical 

iparameters, iit ican ibe iconcluded ithat ithe itest idrug iis icompletely isafe iat ivarious idoses. iOur iresults iare icomplementary ito ithe istudy ion ilow iacute 

itoxicity i(LD50 ivalues iof i2148 img/kg ib. iwt.) ifor iBoerhavia ierecta istem ibark ireported ipreviously i(Hilou iet ial., i2006). I 

 

In ithe ihistopathology, iliver isections iof iall ithe igroup ianimals ihad inormal iarchitecture iwith icentral ivein isurrounded iby ihepatocytes 

iwhich ishow imild idegree ifatty ichange i(collection iof ifat ivacuoles iinside ithe ihepatocytes). iPortal itriad iwas inormal iwith ino inecrosis iseen. iIn ikidney 

isection, inormal iappearing iglomeruli, itubules, icollecting iducts iand ipelviureteric ijunction iwere iseen iwith ino inecrosis. iSpleen ibeing ione iof ithe 

ivital iimmune iorgans, ithe isections iconsisted iof ired iand iwhite ipulp, isinusoids iwere inormal iwith ihematopoietic ielements iobserved. I 

 

Each itype iof iantibody iadheres ito ispecific iforeign isubstance iso ithat ithe iimmune isystem ican idestroy ithem. iIgE iantibody ilevels iare ioften 

ihigh iduring iallergies, iIgD iantibodies iare ifound iin ismall iamounts iin ithe itissues ithat iline ithe ibelly ior ichest iand itheir imechanism iof iaction iis 

iunclear. iTherefore, iout iof ifive iimmunoglobulin i/antibody itypes, ionly ithree isub-types i(IgA, iIgG, iIgM) iwere iconsidered iin ithe istudy. i iNo isignificant 

ialternations ifound iin iany iof ithe ithree iimmunoglobulins ieven iin ithe ipresence iof ithe itest idrug iat iall ithree idosages. iThe iantibodies iwere ineither 

ioverexpressed inor iinhibited iwhen istimulated iwith ian iantigen iat ithe idoses itested, iand ithis isignifies ithat ihumoral iimmunity iremains iunperturbed. 

 

T-dependent iimmunogen iis iused ito idetermine idrug ieffect ion ithe iimmune iresponse i(Dean iet ial., i2001). iResults iof ithe ipresent iplaque 

iforming iassay iclearly idemonstrated ithat ithe itest idrug ihas ino ieffects ion ihumoral iimmunity; ithis iis ire-confirmed iwhen inone iof ithe ithree 

iantibody i(Ig) itypes iwere ialtered iin ithe ipresence iof itest idrug ieven iat ithe ihighest idose. iHowever, ithere iis ian ievidence iof isuppression iof icell 
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imediated iimmunity iof itest idrug iin iBALB/c ianimals iat idoses iof i1000 img/kg ib. iwt. i(Fig. i5). iEffects iof ioral iexposure iof iBE iextract ion iT-cell 

ifunction iwas ifurther iassessed ithrough imeasurement iof iDTH iresponse. iSignificant ireduction iin iDTH ireaction ito iSRBC, ia iT-cell idependent iantigen, 

iindicates ireductions iin icell-mediated iimmunity ivia iTH1 ieffector icells. iThis istudy idemonstrated ithat ithe ichosen iherb ihas iimmunosuppressive 

ieffects icomparable ito iour iprevious ireport ion iin ivitro istudy iand ican ihence ibe iattributed ito ithe inew icompound. 

 

 

5. CONCLUSION  

In iconclusion, iour iresults ihave iindicated ithat ithere iis ino idirect iimmunotoxic ieffect iof ichloroform ifraction iof iroot iand istem iparts iof 

ihydro-alcoholic iextract iof iB ierecta iin iBALB/c imice. iWith isignificant iinhibition iof iT-cell-mediated iresponse iat ithe ihigh i(i.e., i1000 img/kg ib. iwt.) 

idose itested, iit iis ievident ithat isub-acute ioral iBE iexposure idoes inot isuppress ihumoral iimmune iresponses. iTogether iwith ithese iresults, iit iis 

iconsidered ithat ithe isuppression iof icellular iimmune iresponses iby iBE iextract iare idue ito idirect ieffects iof ithe iisolated icompound i(1-(4-

hydroxytridecyloxy) ipentadecan-4-ol) iagainst iTH icells. iThe ipresent istudy iconfirms iBE iis inot iimmunotoxic iand iat ithe isame itime, iit isuppresses icell 

imediated iimmunity. 
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Table 1: Individual animal body weight (g) in single dose acute toxicity study 

 

Study Type 
Dose 

(mg/kg) 

Concentration 

(mg/mL) 

 

Animal 

  

Body weight (g) on days 

1 7 14 

Sighting Study – Step – I 300 15 F 30 34 39 

Sighting Study – Step – II 2000 100 F 32 35 40 

Main Study 2000 
 

100 

F 33 36 42 

F 30 35 41 

F 32 37 42 

F 34 37 43 

 

Step iI isighting/observational istudy ifollowed iby iStep iII iand ithen iMain istudy idemonstrated ithat ithe isingle idose/day iof itest icompound ihad ino iimpact ion 

ianimal ibody iweight iwhen iadministered iorally ifor i14 iconsecutive idays 
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Table 2: Animal feed consumption (g) and body weight (g) in immunotoxicity study 

 

Group Parameter Day 7 Day 14 Day 21 Day 28 Day 42 Day 56 

Male Female Male Female Male Female Male Female Male Female Male Female 

Control FC 3.5±0.31 3.2±0.12 3.8±0.45 3.6±0.30 4.2±0.19 3.8±0.27 4.5±0.38 4.3±0.25 - - - - 

BW 19.33±2.

1 

18.33±2.

5 

20.67±1.5 19.00±1.

9 

21.33±2.

2 

19.33±2.

4 

22.33±2.

3 

20.67±2.

8 

    

250 

mg/kg 

FC 3.6±0.32 3.1±0.32 3.9±0.32 3.7±0.32 4.4±0.32 4. i± i0.32 4.7±0.32 4.4±0.32 - - - - 

BW 18.67±2.

3 

17.33±2.

3 

19.67±2.0 21.23±2.

1 

20.33±2.

4 

19.33±2.

2 

22.33±2.

5 

21.67±2.

9 

    

500 

mg/kg 

FC 3.8±0.32 3.3±0.32 4.0±0.32 3.9±0.32 4.5 i± 

i0.32 

4.0±0.32 4.2±0.32 4.1±0.32 - - - - 

BW 19.00±2.

1 

18.67±2.

1 

20.33±2.1 21.00±2.

1 

21.33±2.

1 

20.67±2.

1 

22.33±2.

1 

22.00±2.

1 

    

1000 

mg/kg 

FC 3.5±0.32 3.4±0.32 3.7±0.32 4.0±0.32 4.2±0.32 3.9±0.32 4.1±0.32 4.0±0.32 - - - - 

BW 19.33±2.

4 

18.00±2.

6 

20.67±2.6 19.13±2.

4 

21.33±2.

4 

19.67±2.

3 

22.33±2.

1 

21.67±2.

5 

    

Control - 

recovery 

FC 3.4±0.32 3.5±0.32 3.7±0.32 3.6±0.32 4.2±0.32 3.8±0.32 4.5±0.32 4.3±0.32 4.2±0.32 3.8±0.32 4.5±0.32 4.3±0.32 

BW 20.00±2.

2 

19.33±2.

6 

21.67±2.4 19.00±2.

9 

22.33±2.

3 

20.33±2.

7 

23.00±2.

1 

20.33±2.

4 

23.33±2.

3 

21.67±2.

5 

24.00±2.

6 

22.33±2.

8 

1000 

mg/kg - 

Recover

y 

FC 3.9±0.32 3.6±0.32 4.3±0.32 4.1±0.32 4.2±0.32 4.2±0.32 4.6±0.32 4.2±0.32 4.2±0.32 4.2±0.32 4.6±0.32 4.2±0.32 

BW 20.33±2.

2 

18.33±2.

4 

20.67±2.6 19.00±2.

3 

21.33±2.

7 

19.33±2.

2 

21.67±2.

5 

20.00±2.

8 

22.00±2.

1 

20.33±2.

6 

22.67±2.

3 

21.00±2.

5 

Different idoses iof itest icompound iadministered iorally ifor i28 idays iin i4 igroups. iNo iclinically ior istatistically isignificant ichanges iobserved iin ifeed iconsumption ior ibody iweight iin 

iimmunotoxicity istudy ifor i28 idays. iTwo irecovery igroups ione ithat ireceived ihigh idose iof itest icompound ifor iinitial i28 idays iand iother ione iwas inormal icontrol iwhen ileft iuntreated ifor 

iadditional i28 idays ialso idemonstrated ino iabnormal ichanges iin ifeed iconsumption ior ibody iweight iuntil iDay i56. iData irepresent imean i± iS.D ivalues iof ifeed iconsumption i(FC) iand ibody 

iweight i(BW) 

 

Table 3: Relative organ weight a in immunotoxicity study 

Parameter Group Control 250 img/kg 500 img/kg 1000 img/kg Control i- 

iRecovery 

1000 img/kg i- 

iRecovery 

Liver 
Male 45.06 i± i1.23 47.28 i± i1.37 43.44 i± i1.24 48.60 i± i1.27 44.05 i± i1.43 49.51 i± i1.25 

Female 38.90 i± i0.98 40.02 i± i0.77 42.44 i± i0.88 46.55 i± i0.83 43.66 i± i0.88 47.77 i± i0.93 

Kidney 
Male 10.99 i± i0.45 12.14 i± i0.35 12.07 i± i0.73 11.26 i± i0.79 12.59 i± i0.77  i12.17 i± i0.72 

Female 10.75 i± i0.38 11.45 i± i0.41 11.66 i± i0.65 12.45 i± i0.51 12.71 i± i0.39 11.67 i± i0.37 

Heart 
Male 4.16 i± i0.28 4.02 i± i0.21 4.10 i± i0.21  i4.18 i± i0.24 4.20 i± i0.33 4.17 i± i0.30 

Female 4.83 i± i0.11 4.88 i± i0.09 3.95 i± i0.07 3.87 i± i0.10 4.00 i± i i0.14 3.99 i± i0.13 

Spleen 
Male 3.26 i± i0.32 3.20 i± i0.38 4.20 i± i0.16 3.77 i± i0.28 3.96 i± i0.31 4.13 i± i0.26 

Female 3.98 i± i0.24 3.99 i± i0.17 4.14 i± i0.27 3.95 i± i0.12  i4.14 i± i0.28 3.84 i± i0.10 

 

No iclinical ior istatistical isignificant ichanges iin iweights iof iessential iorgans iat iany iof ithe itest idoses iwhen icompared ito irespective 

icontrols. 

aRelative iorgan iweight iwas icalculated ias ithe iorgan iweight idivided iby ithe ibody iweight i(reported iin imilligrams i[organ iweight] iper 

igram i[body iweight]).Values irepresented ias imean i± iS.D. 
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Fig. 1: Hematology data of Immunotoxicity study 

 

Animal idata ion iDay i0, i14, i28. iData ion iDay i56 irecovery i(Group i5 i& i6) iis ialso irepresented. iNo istatistically isignificant ichanges. 

Fig. 2: Biochemistry data of Immunotoxicity study 

 iAnimal idata ion iDay i0, i14, i28. iData ion iDay i56 irecovery i(Group i5 i& i6) iis ialso irepresented. iNo istatistically isignificant ichanges. 
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Fig. 3: Histopathology data of Immunotoxicity study 

 

Liver i- iNormal iarchitecture iseen iwith icentral ivein isurrounded iby ihepatocytes iwhich iare inormal. iPortal itriad iis inormal. iNo inecrosis 

iseen iin iall ithe i6 igroup ianimals. iKidney i- iNormal iarchitecture iof ikidney iis imaintained. iNormal iglomeruli, itubules, icollecting iducts 

iand ipelviureteric ijunction iseen iin iall ithe ianimal igroups itested. iSpleen i- iNormal iarchitecture iof ispleen iconsisting iof ired iand iwhite 

ipulp iis iobserved. iSinusoids iare inormal. iFew ihematopoietic ielements iare iseen iand ino inecrosis iseen. 

Fig. 4. Immunoglobulins (IgA, IgG and IgM) data of Immunotoxicity study i 

 

Dynamics iof ithree isub-types iof iimmunoglobulins iacross iall isix igroups iof ianimals, ino istatistically isignificant ichanges iobserved 

isuggesting ino iimmunotoxicity. 
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Fig. 5. Immunomodulatory activity of the active fraction of B erecta 

 

Results iafter i28 idays iof itreatment iperiod, ihumoral i(5a) iimmunity iand icell imediated iimmunity i(5b i& i5c). i i 

5a ireflects iplaque iforming iassay ishowing ino ieffects ion ihumoral iimmunity, i5b ireflects iimmune isensitization ipre-dose iand i24 ih ipost 

idose iacross i4 igroups iof ianimals iafter i28 idays iof itreatment. i5c idemonstrates iimmune ichallenge iat idifferent itime iintervals. iFrom i48 

ih ionwards iboth imedium iand ihigh itest igroups i(G2 i& iG3) idemonstrated ireduction iin iDTH ireaction iand ihigh itest idose igroup 

ireached isignificance iindicating ithat ithe itest idrug ireduces icell-mediated iimmunity iwhen icompared ito idexamethasone icontrol igroup 

i(G4). i 
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