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ABSTRACT

Boric acid administration has detrimental effect different reproductive organs, liver and kidneyrats. In the
present study, male Wistar rats were orally fechvlibric acid at a dose regimen of 350 mg/kg bodghteior a
period of 30 days, followed by oral administratiohhydroalcoholic extract of Eclipta alba at a dossgimen of
500 mg/kg body weight orally for 60 days. Boricdatrieated group showed signs of toxicity as eadyld days
such as liver damage, nephropathy and complete dana the testis, which aggravated on 30 days efhibric
acid study period. Oxidative stress in all the Mitegans showed significant increase. Following pient extract
treatment, complete reversal in reproductive tdyigias observed. The hormonal levels viz., testoste estrogen
and FSH returned to normal range on the 60 dayslarfit extract treatment. Significant reversal comgide to the
control groups was observed in oxidative stresghevital tissues. The fertility of the rats waarid to be restored.
The altered tissue morphology showed significagnsior recovery as observed under light and electro
microscopic examination. Thus treatment with trenpextract, the overall recovery in the boric atidated rats
was observed. It can be concluded that Boric asidiéfinitely having detrimental effects on maleroepctive
system and the plant extract showed promising tesdiowever, the mode of action and the active corapts for
the same needs to be further investigated.
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INTRODUCTION

Reproductive toxicity includes adverse effects exusl function and fertility in adult males and f&es, as well as
developmental toxicity in the offspring. The majoanifestation of developmental toxicity includesteof the
developing organism, structural abnormality, adlegeowth, and functional deficiency.

Boric acid generally is of moderate acute toxicapd has been placed in Toxicity Category Il fooshacute
effects including oral and dermal toxicity, and eyel skin irritation. Most poisonings by boric atidve occurred
in connection with its former use as a local amptigeapplied to irritated skin, burns, or woundg. [Within
commercial products and the most important minetiadg contain boron are the borax pentahydratejusod
perborate, boric acid, colemanite and ulexite. @#ht applications for these compounds exist, betwehich can
be mentioned: fiber glass, enamels, fire delayerslizers and agricultural herbicides [2].
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The target cell for boric acid is elongated sperthahich leads to retention and phagocytosis gf 4i@ spermatid
and abnormalities in released sperm. Failure ofrsia¢ion, where the mature testicular sperm fald¢ released
into the lumen and is instead phagocytized by theo8 cell is frequently seen upon administratafrboric acid.
This reflects a disturbance in the function of ®ertoli cell [3] Inhibition of spermiation is due to functional
changes in the physiology of Sertoli cells. Seérell is thought to be the target for boric acditity [4].

High-dose boric acid (BA) exposure produces teliclesions in adult rats characterized by inhibiggpermiation
(IS) that may progress to atrophy. Significant dases in serum inorganic phosphorus and creativene observed
that worsened with dose and time of boric acid expe. Boric acid affect the DNA synthetic activitiymitotic and
meiotic germ cells by interfering with the prodectiand/or maturation of early germ cells, thus ptinyg the
testicular atrophy seen in boric acid-exposed[EtsThe mechanism for the apparent selectivedasir toxicity of
boric acid remains obscure, and has not been thblpstudied. One mechanism could be decreaseuktesbne.

Although research has been carried out with differgynthetic compounds for cancer treatment buiméted
success has been achieved. The conventional mald&ystem provides a valuable tool for therapetdsearch.
Ayurvedic plants and their components mediate téacts by modulating several of recently ideatiftherapeutic
targets. Environmental compounds are known to kehmed in both the generation and reversal of fibkidt is
important to discover naturally occurring compoundsch can block the toxicity or reverse it.

Extracts ofHibuscus sabdariffa (roselleggndZingiber officinale (gingeryeduced the extent of cisplatin-induced
sperm abnormality and enhanced sperm motility. Bextracts restored the control level of malondibidie
(MDA) (lipid peroxidation marker) in the cisplatineated testis. The cisplatin injection inducedlidedn the levels
of superoxide dismutase (SOD), reduced glutathi@@®H) and catalase (CAT) were significantly revdrse
control levels in groups where cisplatin was precedy the administration of eithét. sabdariffaor Z. officinale.
Thus, bothH. sabdariffaandZ. officinaletreatment increased the activities of testiculgioxidant enzymes and
restored sperm motility of cisplatin-treated r&k [

In the present investigation, the hydroalcoholitraot of the leaves oEclipta albawas used to determine its
reproductive toxicity reversal potentidt. albahas been reported to possess a diverse therapmsatie such as
hepatoprotective activity [7], antinociceptive aitti, anti-inflammatory and bronchodilator activitanalgesic
activity; immunomodulatory activity, antiviral aetly, antioxidant activity and anti hyperglycemictiity, wound
healing activity and antifungal activity [8].

MATERIALS AND METHODS

Experimental animals

33 Healthy adult male Wistar rats, weighing 150¢%@ere procured from Zydus Research Centre, Ahnatjab
compelling to CPSCEA guidelines. The protocol foe present investigation (project no. IS/BIOCHEMBGIL1-
12/1016) was approved by Institutional Animal E#ghi€Committee (IAEC). The Guidance for Care and Ute
Animals for Scientific Research (Indian Nationaledre Academy, 2000) was strictly followed. Thenaalis were
acclimatized for two months, under controlled ctindi of temperature (22 +°C), humidity (60 + 5%) and light
(12 h light: 12 h dark cycle), prior to the expeeimis. The animals were monitored every day for thedy weight,
food and water intake and any visible symptomsinduthe whole experiment.

Plant Extract

Dry powder ofEclipta albaleaves were obtained from LVG (Ayurvedic produgpglier), Ahmedabad and was
authenticated by Dr. Vasant A. Patel, DepartmenBafany, Smt. S.M.P. Science College, Hemachandrgah
North Gujarat University, Gujarat, India. Specinsgample ofE. albahas been submitted at the Institute of Science,
Nirma University, Ahmedabad, Gujarat, India witle ttoucher no. ISNU/EA/CN-120422/01.

Eclipta albaextract (EAE) was prepared by suspending dry peafder in 50% ethanol in ratio 1:3 and stirring it
overnight at 50 °C, followed by filtration undeeste conditions. The filtrate was vacuum driecb@tC to remove
the solvent completely, weighed and reconstitutedater to make 50 mg/ml extract [7].

Chemicals
Boric acid was procured from MERCK, Ahmedabad.dther chemicals were of analytical grade.
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Dosage

Boric acid (350mg/kg bodyweight) was dissolved istitled water and administered orally on a daifsis for 30
days. EAE was administered orally on a daily b&mis60 days at a dose regimen of 500 mg/kg bodyhteias
determined as the effective dose in other studiesed out in our laboratory [7].

Treatment Schedule
The animals were divided into three groups compgisif 24 animals each in control, Boric acid trdated reversal
group (Table 1).

Parameters

The diet and water intake were monitored on datgi® throughout the study duration. Changes inreate
morphology and hair loss were also observed andtored. The body weight of all the animals was rded on a
daily basis. The tissue weights of testis, lived &itney were recorded at the time of autopsy.

Autopsy Schedule

Three animals of each group were sacrificed toysthd reproductive physiology by doing autopsy.€ghanimals
from each group were sacrificed at regular intenfal5 days using high concentration of anesthegissected
reproductive organs will be used for histologicableation and tissue biochemistry. Semen was deleérom
epididymis for basic semen analysis [9] and thdect#d blood was preceded for blood profiling amdum
biochemical analysis.

Tissue Processing

Histological Studies

For histological studies, the testis, liver andnidgs were removed at the time of autopsy, cleafeall dhe fat
tissues and was fixed in Bouin’s fluid, dehydrated embedded in paraffin for sectioning at 5um.s€hgections
were stained with Harris hematoxylin and eosin.

Tissue Biochemistry
Testis, Liver and Kidney were homogenized and fnoae-20c for tissue biochemical assays. At the time of. use
the homogenates were thawed and used for the &nafysholesterol [10, 11] and Protein [12].

Antioxidant Assays
To determine the oxidative stress in the presemestigation, Malondialdehyde (MDA) [13] and Reduced
Glutathione (GSH) [14] activities were analyzed d&irthe study group.

Semen Sample Collection

Following autopsy, Sperm were isolated separatelynfeach of the epididymis by gently shearing thsues and
rupturing the tubules, allowing sperm to float it medium (0.9% N-Saline) [15]. The seminal flwith the
sperm suspended in N. saline for semenologicakanten biochemical assessment.

Preparation of Semen Sample

Sperm were separated from seminal plasma by cegatibn and was subjected for various tissue bimated
assays. If tests of sperm function are to be pexéal; it is critical that the spermatozoa are sepdritom seminal
plasma within 1 hr of collection, to limit any dageafrom products of non-sperm cells.

Semenology
During semen evaluation, the following parameteeseaconsidered. The semen sample was analyzets foount,
motility, viability and morphology. Semenology wasrformed as per guidelines of WHO manual, [9].

Sperm Functional Tests

Hypo-osmotic swelling
As an alternative to dye exclusion, the hypo-osmstielling (HOS) test may be used to assess vitHlid]. The

number of unswollen (dead) and swollen (vital) celere determined with the aid of a laboratory ¢eun
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Semen Biochemistry

Secretions from the accessory glands were measui@sbess gland function. The following organelbrkar were
assayed, LDH (www.workington-biochem.com/LDH/deféntiml) and testosterone for testicular function by
ELISA, a-glucosidase for Seminal Vesicle functioning, L-@iine and glycerophosphocholine (GPC) as
epididymal markers and citric acid and acid photgd®[17] to ascertain the prostate functioning.

Blood Collection

Blood was collected through heart puncture at iine of autopsy in EDTA coated tubEhe blood samples were
collected in two different tubes. One tube hadargulant for the blood count while the second twhe without
any anticoagulant for serum analysis and haematparameters respectively. The tube without thécaagulant
was kept in ice box and the supernatant was s@gjdotcentrifugation for serum separation.

Blood Profiling

Hematology of the blood samples was carried outrder to detect the variation in the RBC and theGM®unts.
Total white blood corpuscles (WBC), total red blamafpuscles (RBC) and platelet counts were madesing an
improved Neubauer's haemocytometer [18]. The haemniatvalues Haemoglobin, Packed Cell Volumes (PCV)
Mean Corpuscular volume MCV), Mean Corpuscular Hgloloin (MCH) and Mean Corpuscular Hemoglobin
Concentration (MCHC) were recorded according toelain, [19] and Lynch et al., [18].

Serum Biochemistry

The serum separated following the blood collectivas used for serum biochemical assays. The follgwin
parameters were performed i.e., total protein, @gac cholesterol, creatinine, serum glutamate @euv
transaminase (SGPT), bilirubin, urea, serum glutantxalate transaminase (SGOT), creatinine kin&de),(
triglycerides (TGL) and high density lipoproteinsetesterol (HDL) were estimated using reagent kits.

Hormone Analysis
The serum samples were also used for the hormoa@ysas of testosterone, estrogen and FSH levétg EL_ISA
based kits.

Statistical Analysis

Results are presented as mean + SD for 3 animasatistical difference between the means of thi@ua groups
was analyzed using one way analysis of variance@¥N). The statistical significance was evaluatedThtest.
The boric acid treated group was compared withctherol while the plant extract treated group wapared with
the boric acid treated group.

RESULTS

There was no significant trend observed with resspethe daily food and water intake, but there wasncreased
intake of food as well as water in boric acid teehtinimals, as compared to the control and plamaextreated

group.

The general observation in boric acid treated greag, these animals showed hair loss and dropeiin Hody
weight which was not observed in other groups (Datashown).

Histological Studies

Testis

The micrograph of testis in vehicle treated con&moimals reveals normal arrangement of the intestrakture of
the seminiferous tubules (indicated by thick arrowW)e tubules were observed to be connected throigtstitial
space containing endocrine cells, Leydig cellsi@atkd by thin arrow). Sperm accumulation was olesiin the
seminiferous tubules (Figure 1a).

Following 15 day of boric acid treatment, the Hisgical studies revealed gradual degradation ofstrainiferous
tubules and complete degeneration of the inteabt#pace was observed i.e., leydig cell were alnadstent
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following 30 days of boric acid treatment. The mid arrangement of the seminiferous tubules wss abserved
to be completely distorted. The lumen of seminifsreubule was completely devoid of any sperm acdation
(Figure 1b-c).

Re-appearance of the connecting tissue was obsertedtis after completion of 30 days of plantragt treatment
indicating restoration of the Leydig cells (LC). &'mternal arrangement of the seminiferous tub(8d9 was also
observed comparable to that of control. A gradesitaration of the testis function was observed nimals
following 60 days of plant extract treatment. Theerstitial space was observed to redevelop atadgtrate Sperm
accumulation was observed to initiate after 60 ad#yRE treatment indicating a speedy recovery (fedwl-e).

Liver

The micrograph of liver of vehicle treated contaimals revealed that the liver lobule containsiaiper of hepatic
acini and each centred on a portal tract. The eisgg0 contains sparse collagenous tissue actirgistson for
development and functioning of the acini. The hiepatnules were also observed on the terminal @hptocytes.
The spacing between the hepatic cells was obseovee regular (Figure 2a).

The arrangement of the hepatocytes in 15 and 36 loarjc acid treated animals was found to increasepared to
that of the vehicle treated control animals. Thikagenous tissue was completely absent in thedisShe hepatic
venule was observed to be enlarged while the ptrdat was also observed to be damaged (Figure).Zbhe
damage to the liver was also associated with tfigr@tion of blood cells indicative of inflammatpmctivity which
was noted throughout the section (Indicated byayro

After 30 days of plant extract treatment, the g@laous tissue was observed to reappear. Healithg iportal tract
was also observed. The spacing between hepatic wak observed to reduce compared to that of thie hoid
treated group, but the arrangement was still ilaag@rigure 2d).

A gradual re-development of the hepatic tissue alaserved following the 60 days of PE extract treatinThe

spacing between the hepatocytes was observed wewsa compared to that of the boric acid treated gy
animals, almost comparable to that of the confirbé collagenous tissue was observed to re-appehe itissue in a
stepwise manner. The hepatic venules were also\aisthat were comparable to that of the vehigatid control
animals.

Although, the histoarchitecture of the liver recme back to normalcy, there were still occurrentélood cell

accumulation but these accumulation were signiflgareduced compared to boric acid treated groogdicating

that the extract also possess anti-inflammatorgmictls which need to be ascertained in futureufei@e-f).

Kidney

The micrograph of kidney of vehicle treated contaoimals illustrates renal corpuscles appearedeased and
glomerulli surrounded by a narrow Bowman'’s spadee Tortical tubules were observed which mainly &insf
proximal convolute tubules and with a smaller nundfecortical tubules and collecting ducts. Therage diameter
of the renal corpuscles was found to beiQrBall the treatment group@-igure 3a).

A partial de-arrangement of the cortical tubuleswdserved in 15 day boric acid treated animalge. Bowman’s
space was also found to increase around the gldimeympared to that of the vehicle treated contmimals. The
proximal convolute tubules and cortical tubulesevaiso observed to be damaged. Following 30 dap®ié acid
treatment, complete de-arrangement of the cortidalle was observed. The Bowman’s space was signilly
increasing, indicating damage to kidney (FigurecRb-

Completion of 30 days of plant extract treatmentqoe a gradual recovery was observed in kidneywiBan’s
space was observed to reduce compared to thak difafic acid treated group, while in proximal colote tubules
and cortical tubules rearrangement was observeshedy recovery was observed in kidney followingdé9s of
the PE treatment. The Bowman's space was reducegared to that of the boric acid treated groupse Th
corpuscles re-arrangement was also observed toeeaba faster pace. The proximal tubules were @ltserved to
be normal, almost comparable to that of the cortfigure 3d-f).
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Tissue Biochemistry

Significant elevation in the cholesterol contenswé®served in 15 and 30 day boric acid treatethviahg the plant
extract treatment, the levels were restored tatitenal range comparable to that of the control grathere was a
sudden decline in the protein content when treaftiéld boric acid. Following the plant extract treant the protein
content was restored comparable to that of theralgtoup (Table 2).

Antioxidant Assays

Malondialdehyde (MDA) and Reduced Glutathione (G8lg)ye estimated in tissue extract of testis to réaicethe

oxidative stress at the testicular level. Thera @idden decline in the MDA level in the boric attEhted animals
but after the plant extract treatment the level vestored to normal range comparable to that ottrgrol group.

The GSH level showed significant increase in bagd treated animals but there was a sudden deafire the

plant extract treatment (Graph 1).

Semenology

The sperm count in the boric acid treated animads ¥ound to decline, which recovered to the norraalge
following the plant extract treatment. The sperneserncompletely non-motile in boric acid treatedjchtrecovered
to the fertile range in the plant extract treataghels. The sperm obtained in the boric acid tkgt®up were all
dead, rendering the sperm completely infertile. Thable count increased following 30 days of extrac
administration and which further improved at 60 siayudy period. The percentage of abnormal morgjyokad
increased after 15 days of boric acid treatmentenfullowing the plant extract treatment, the abmality was
slightly reduced (Table 3).

Sperm Functional Test

Hypo-osmotic swelling

HOS had shown significant reduction from 67% inteaingroup to 35% in 15 days boric acid treatedugroe., the
sub-fertile range. This further dropped to 2% ie 80 day boric acid treated group. However, follmyvplant
extract treatment, in 30 days PE administered gtbapevels were found to be in the fertile range, i45%, which
gradually improved to 62% at the end of 60 dayBBfstudy period (Data not shown).

Semen Biochemistry

Following treating rats with boric acid, there wasignificant increase in the LDH levels, indicgtithe extent of
damage at the testicular level. A gradual decraat®H levels was observed following treatment tdrg extract,
values were comparable to that of the control gridigble 4).

a—Glucosidase, seminal vesicle tissue marker deeraboric acid treated group which recovered feitg plant
extract treatment. Epididymal Markers L-Carnitimad alycerophosphocholine showed different trendatnitine
was found to be increasing, while there was a adeent in the GPC level in boric acid treated animalse L-
carnitine levels fluctuated whereas the GPC levelseased following plant extract treatment (Table

A decrease in the activity of prostate specifidguhosphatase and citric acid was found in borid t&ieated. The
ACP values were found to increase at a steadyfoltaving the plant extract treatment, but theicitacid levels
dropped below the normal range. Although, the adtration of the plant extract recovered the atlepeostatic
markers, however, it did not resulted in any changéh respect to the declining citric acid leveMhich did not
return back to normalcy even after 60 days of ptaaitact administration (Tablg.4

Blood Profiling

Hematology

In vehicle treated control animals, all the henwgalal parameters were found within the normal eand
significant decrease was observed in haemoglobial, RBC, platelet count, PCV, MCV and MCH excegpt MCH
and MCHC count, following boric acid treatment. IBaling 60 days of plant extract treatment, all tdtered
parameters were restored to normal range compat@ikeat of the control group. Although WBC couhbwed a
recovery as comparable to the 30 days boric agiditp induced group but did not return to normatitlthe study
period (Table 5).
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Serum Biochemistry

Serum biochemical analysis of the control group @ucose, Protein, HDL cholesterol, Triglyceridee&tinine,
Urea, Total Bilirubin, Direct Bilirubin, serum glate pyruvate transaminase (SGPT), Serum glutamate
oxaloacetate transaminase (SGOT) and Creatinires&iviB showed these values within the normal phoygical
range. The values obtained were 103.6+0.17 mg/8k0826 g/dl, 165.8+7.16 mg%, 61.6+£0.73 mg/dl, D.0O
mg/dl, 5.0+0.30 mg/dl, 4.3+0.27 mg/dl, 1.9+0.21 digdnd 4.59+0.22 U/IAST, 4.6+.20 U/IALT and 18.0289

U/l respectively.

Following 15 days and 30 days boric acid treatmaihthe serum enzyme activity i.e., SGOT, SGPT @rdMB,
was found to increase and the non-enzymatic pammshowed significant decrease at the end of 86 afaboric
acid treatment. Following administration of the rlaxtract, all the altered parameters were regdttrack to
normalcy (Table 6).

Hormone Analysis

The serum testosterone estimation was concurretiet@lteration in the serum biochemical parametstsch

showed a drop following boric acid treatment angrioved significantly following the plant extraceatment. The
concentration obtained for vehicle treated contpa@up and boric acid treated group were 1.08+0.66hg@nd

0.59+0.04 ng/ml respectively. The value estimatatbfving 30 days and 60 days of plant extract treatt was
found to be 0.71+0.05 ng/ml and 1.09+0.02 ng/ndpestively (Table 7).

The estrogen concentration in vehicle treated asimas 47.485+0.23 pg/ml, while the level was fduao be
decreasing in 30 day boric acid and plant extraetted animals. The values estimated were 32.84298ml and
24.84+1.34 pg/ml respectively. After 60 days ofnplaxtract treatment, the value estimated was 2822+pg/ml
which indicates that there is significant improventhan the boric acid induced group (Table 7).

The FSH concentration in vehicle treated animald boric acid treated animals were 0.32+0.035 mlUamd
0.33+0.030 mlU/ml respectively. A sudden decreasehe level was observed after 30 days of plantaekt
treatment. The value estimated at th€'&§ of plant extract treatment was 0.11+0.04mlU/After 60 days of
plant extract treatment the level was restoredtonal range and estimated value was 0.3+0.02 mi(Tadble 7).

DISCUSSION

Boric acid falls under suspected reproductive tawic Boric acid generally is of moderate acutedityi and has
been placed in Toxicity Category Ill for most aceffects including oral and dermal toxicity, andeegnd skin
irritation. Most poisonings by boric acid have oged in connection with its former use as a locdiszptic applied
to irritated skin, burns, or wounds. The fatal diss#hought to be 2,000 — 3,000 mg for infantsPB,8 6,000 mg for
children and 15,000 — 20,000 mg for adults. EPAsifeed boric acid as a “Group E” carcinogen, imdiicg that it
shows “evidence of noncarcinogenicity” for humatys [

Eclipta albais a small evergreen tree with wide geographical ecological distributions and its certain parts ar
used as medicinal materials. alba are drought evergreen plants of the family aseaac This plant grows as a
common weed throughout India. Its phytochemicalstituents are: wedelolactone and demethyl-wedeiohes
stigmasterol, -terthienymethanol, desmethyl-weldetone-7-glucoside, unnamed alkaloid, apigenteolin
and their glucoside, wedelic acid, 25- -hydroxyaeine, ecliptine and nicotine [20]. RootsEfalbahave been
reported with thiophene acetylenes such as 5I-ggylaxxymethylene-2- (4-isovaleryloxybut- 3-ynylithiophene,
5I-tigloyloxymethylene- (isovaleryloxybut- 3-ynybjithiophen and 2-(3-acetoxy-4-chloro-but-1-ynyi{gent-1,3-
diynyl) thiophene, hentriacontanol, stigmasteealiptal, 14-heptacosanol. Stems contain wedeiote, wedelic
acid, L-terthienyl methanol, apigenin, luteolinefle ofE. albacontain sterols [21, 22].

E. albaextract has been used for ascertaining variousgiicdl activities such as anti-bacterial effect,[23], Anti-
hepatitis activity [25], anti-hyperglycemic effd8] and hepatoprotective activity [7, 8].

With the literature available so far, enumerouspprties ofe. albais known. But there are no reports available with
respect to the efficacy &. albaextract on male reproductive system. Thereforeetermine its potential effects in
reversal of reproductive toxicity the study wasigesd and carried out.
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Although, the food and water intake had increabedet was a notable drop in the body weight of bacid induced
animals. The justification for it is not known. Awrding to the reports of Aysan et al., [26], lowsdo(0.2mg/kg)
oral boric acid intake cause seriously body weigttucing in five days. A toxicology study done thyetUS
Department of Health and Human Services demonsittht 275 and 550 mg of boric acid per kg of baayght
per day intake mice reduced body weights 10-17%r &2 weeks.

After the treatment with the boric acid, profoumdticular changes were observed. The internal geraent of the
seminiferous tubules was completely damaged. Tiates that the Sertoli cells located in tubuales damaged,
as consequences of which sperm generation and atiatuiis also disturbed, which was observed by yshgd
semenology. No sperm accumulation was observedatidg dysfunction of the Sertoli cells. The intéia space
was observed to be damaged. Hence Leydig cellddldda the interstitial space were also degenerd®edult
obtained in this study was found to be similar aksmorted by Traina et al., [27]; Ronco et al.,][28d Suwalsky et
al., [29], reported an increase in the size of ligyklls following the lindane treatment, on thenttadictory, our
studies revealed the degeneration of the leydig,oghich was similar to the finding reported byahya et al. [30].

A gradual and slow re-development of testis waenkel following the plant extract treatment. On ptetion of

the treatment the arrangement of the Sertoli delthe seminiferous tubules was almost comparablhdt of the
vehicle treated control animals. The sperm accutimmavas also observed and semenology study revbats
sperm generated were properly matured indicatirg ghoper functioning of the Sertoli cells, which ree
degenerated following the boric acid treatment. ifiterstitial space was also observed to re-deviltbpwing the

plant extract treatment. This indicates that Leyaiitis were re-generated following the plant extteeatment.

Fail et al. [31] emphasize that few studies existlee chronic effects of boron in humans and alammiumber in
experimental animals, most of which are focuseditsnreproductive and developmental effects. The tmos
documented reproductive damage corresponds toatidtes of the spermatogenesis and degeneratiorheof t
seminiferous epithelium, indicating the necessitgxtend the study of the toxicity of boron to attissues.

The toxic effect of boron occurs beyond the functad the hepatocytes, altering the production dfagen on the
part of the cells of Ito, the fibroblasts and emadil cells [32].

Profound histological changes were observed in &@ dboric acid treated animals. The inter hepatospiacing
was noted to increase following the boric acidtiret. This may due to disturbance in the celldb interaction
by inhibition of the gap junction. The blood suppty the cell was also disturbed and the cellulamgs were
visible. The cushion protective collagenous tissae also not observed in liver.

A proper re-arrangement of the tissue was obsefedldwing the plant extract treatment. The gradued

development of the blood supply was observed ircéile The portal tract was observed to be normaiciating the
blood supply is almost comparable to that of vehtobated control animals. The clumps were not rvleskafter 60
days of plant extract treatment. The cellular ageament was observed to be regular, indicating rastm of the
gap junction and cellular interaction. Thus plaxtt@ct treatment reveals the hepatoprotective ptigseof the plant
extract.

The basic unit of the kidney is nephron, consistifigenal corpuscles (initial filtering componenBoric acid
treatment has increased the Bowman’s space in mmgluscles and also disturbed the PCT and DCT. The
concentration of the urea was also observed tdtbeed indicating renal failure.

During the course of the plant extract treatmemjradual recovery was observed in kidney. At the ehdhe
treatment, Bowman’s space was almost comparabl¢had of the vehicle treated control animals. Proper
arrangement of the PCT and DCT was also obsermditating the proper functioning of the nephronudhafter
plant extract treatment, the nephropathy had béserged to be reversed and proper functioning phren was
reestablished.

Significant elevation in the tissue cholesterolteaih was observed following 30 days of boric ac&htment. The
concentrations of cholesterol, an essential strattcomponent of membranes and the precursor oftaloid
hormones, may increase due to liver and kidnewutfaitausing the release of cholesterol into thedldhe result
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found in the present study is concurrent to thelltebserved by Furat et al., [33], which repdhtat the total
cholesterol content increases@meochromis niloticusa fish, when exposed to a pesticide, cypermethrihtavo
metals (copper and lead). After 60 days of plantagk treatment, the cholesterol content was rethiio normal
range compared to that of the vehicle treated obatrimals.

The histological observations were confirmed bytitegue biochemical parameters. Following borid aeatment,
a significant decline in the protein content of tiiesue was noted. This might be due to inhibitadnprotein
synthesis.

Tissue biochemistry in all treatment groups wagqguered to determine the oxidative stress prevailimthe tissue.
ROS (reactive oxygen species) are an important gfathe defense mechanism against infection, butssive
generation of free oxygen radicals may damage é&ssROS are formed in both physiological and patiiohl

conditions in mammalian tissues. ROS includes saqpge anion, hydroxyl radical, hydrogen peroxidel axygen

ion, all of which are unstable and fully reactieeattack molecules in the body resulting in ROSveosion to stable
atoms and molecules [34]. When the balance betW®&@8 and antioxidant system is lost ‘oxidative stressults
[35]. Oxidative stress is one of the major facforsinduction of cancer [36].

The MDA levels are determined as an index of Lip@oxidation and it is one of the main manifestaiof the
toxicity and carcinogenesis of many carcinogens BB]. The marked increase in MDA content afteatafkin B1
(AFB,) exposure could contribute to the effect on andiamt defense system [39]. On the contradictoryum
studies, there is a decrement in the MDA levekstis and prostate following 30 days of boric doédtment.

After the boric acid treatment, the GSH concertrativas found to decline in epididymis and prostategreas in
testis there was a significant elevation. The vtamaobserved in GSH, indirectly indicated high geation of free
radicals in the tissue, which was also observediikez et al., [39]. This may cause decreasedadizgion of lipid
peroxides leading to their accumulation thus amiplif the toxicity.

Following the treatment with plant extract, the centration of GSH and MDA was observed to

restore to normalcy. This indicates the theredgdine in the free radical generation. Thus tlepéxtract exhibits
free radical scavenging property, and helps in taaimg the relationship between exogenous and germamis
ROS, reducing the oxidative stress on the tissusinflar result was reported by Ahmed et Q] using extract of
Zingiber officinalesin liver antioxidant study.

A decrease in the epididymal sperm count was obksédiallowing the boric acid treatment which wasoaddserved
by Prasad et al., [41]. Sperm viability was alsseled to reduce along with the sperm functionsl. t€his
indicates the induction of infertility in male raits boric acid treated groups. A similar result wasserved by
Fausto et al., [42] in male rabbits. The decreasthé epididymal sperm count can also be confirméd the
histopathological studies of testis.

A complete reversal or restoration of the actidfysperm and sperm function was observed compatahteat of
the vehicle treated control animals following thanp extract treatment. The viability was obsert@bte restored to
almost comparable to that of the vehicle treatedrob The sperm count was observed to be nornllaiviing plant
extract treatment. A regeneration of the propearagement of the testis was also observed. The sfparctional
analysis was also noted to be almost comparahleftle treated control animals.

LDH-C4 is an isoenzyme associated with testis, mdismused as marker for determining proper fundtigrof the
reproductive organs [43]. An increase in the LDH-@due indicates that the sperm mitochondrial @gtitaas
declined; indicating improper functioning of theesm and its maturation. Analysis of semen biochagnshowed
an increased value of LDH-C4 in boric acid tresednals group. The increase in the activity of LDHM-indicates
function of the mitochondria had been hampered. edeer LDH plays a major role in metabolic activity
(glycolysis). Rupturing of the spermatids, resuitselease of contents from sperm head, neck adgietge. Thus,
leading to increase in the LDH activity.

The estimation ofa-glucosidase activity in semen is widely used amarker of epididymal function [44].
Epididymal a-glucosidase does not play a crucial role in thestigpment of sperm fertilizing capacity, but may be
involved in the preparation of spermatozoa for ager [45]. The decrease in the enzyme activity heenhin
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observed non-azoospermic men [46]. A decreasednathivity was observed in the boric acid treatatmals,
indicating conditions of infertility in animals.

The epididymal marker, L-carnitine was found toibereasing in boric acid treated animals. This esduse L-
carnitine has antioxidant potentials thereby piiigcagainst oxidative stress [47]. The increasd. -icarnitine
levels are also confirmed by increase in antioxidewels and damage caused in the epididymis.

The other epididymal marker, GPC was found to ladesing following the boric acid treatment. GPG &aole in
motility of the sperm [48]. A decrease in GPC lavetsults in reduction of motility which is concemt to the
results obtained in the present study.

A decrease in the activity of prostate specifiadgehosphatase and citric acid was found in bodid d@reated
animals. Acid phosphatase is associated with speotility [49]. This indicates a decline in the spemotility due
to decrease in ACP activity. Hypo-osmotic swelliggt is also used to determine the sperm motillg].[ A
reduction in the coiling was observed in the badi treated animals, justifying the reduction iBRAactivity.

A significant decrease was observed in haemogldbta] RBC, platelet count, PCV, MCV and MCH excémt
MCH and MCHC count, following boric acid treatmebBecrease in hemoglobin in experimental animalshiriig
due to destruction of erythrocytes and inhibitidreg/thropoiesis, which is confirmed by decreasgdH\ Values.
Similarly, significant decrease in the haematolabisarameters was observed in fish when exposegetin, a
pesticide [50].

After 60 days of plant extract treatment, all thterad parameters were restored to normal ranggamahle to that
of the control group.

Boric acid had been observed to have damaged tiaida of the tissue namely liver, kidney and weskience,
there has been a drastic change in the serum @uiffithe animals. The serum enzyme, namely alkalikeMB,
SGOT and SGPT were observed to increase drastiffly the boric acid treatment. The increase enghzymes
indicates the functioning of the hepatocytes hanlisturbed, releasing the enzymes in circulatgsyem.

The non-enzymatic parameters showed significantedse at the end of 30 days of boric acid treatmEm
concentration of glucose was observed to decrddmes. treatment with boric acid, hypoglycemic coioditaroused,
indicating that the glycogen metabolism and gluogemesis has been disturbed. The insecticide, dtfeoram,
has been found to cause a reduction in serum d¢bkobbshat precedes liver histopathological changjeslar to
those observed in the present study [51]. Theseoatinterpreted the low cholesterol as an eady sif liver
dysfunction. Along with glucose, cholesterol and IHBholesterol was also observed to decrease. Timeapr
purpose of HDL is to act as the acceptor of chetestreleased from tissues outside the liver aadsjport it back to
the liver [52].

In an experiment on male rabbits exposed to leaitity, the elevated serum cholesterol level wagigicantly
lower in the treatment group in which lead was giaéong with garlic, a natural food containing imjaat nutrients
and antioxidants [53].

HDL-cholesterol is not recycled for cholesterolal® from different tissue indicating imbalancehie tholesterol
metabolism. The concentration of urea was notdgetdecreasing following the boric acid treatmetie Tecrease
in the serum urea level indicates impairment in kigney/nephron function, which was also observedhe
histopathological study of kidney

The plantE.albahas been shown to have hepatoprotective actijBledAfter treatment with the plant extract, the
activity of the serum enzymes was observed to restonormalcy. This indicates the repair of thendged tissue
following the treatment. The concentration of thmlesterol and HDL-cholesterol was also observethtoease
after the course of plant extract treatment. Siméaults were obtained wh@&ysalis angulatavas administered to
rats [54]. In the present investigation, the comgion of urea was restored to normalcy after &@sdof treatment
period, indicating recovered functioning of the ngm.

The serum testosterone estimation was concurrettietalteration in the serum biochemical parametetsch
showed a drop following boric acid treatment angrioved significantly following the plant extrace&tment.
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Testosterone is specifically produced by Leydidscebntaining enzyme Bihydroxysteroid dehydrogenase [55].
The concentration of testosterone was observeded¢ting after the 30 days of boric acid treatmenstdtogical
studies of the testis had revealed the degeneratiobeydig cells during the boric acid treatmenthieh is
confirmed by decline in testosterone level; comgamthat of the vehicle treated control animalslidwing the
plant extract treatment, regeneration of the Leytkls was observed, which was confirmed by in@easthe
testosterone level, almost comparable to thatef#hicle treated control animals.

Elevations in serum FSH levels suggested an iftannonal response to the testicular atrophy [S6ler€ was
slight elevation in FSH levels after 30 days ofibaicid treatment. Following 30 days of plant estriaeatment, the
level declined, which was restored in the normalgeafter 60 days of plant extract treatment. SeF@H levels
were lower in animals treated with plants extraét€ynomorium coccineum and Withania somnifera [2\jother
report by Udoh et al., [58] (2009), states that mwhékaloid extract of caricapryl-99 seeds is adstéred to male
albino rats, it caused increase in serum levelsSH and estrogen.

Table 1: Treatment Groups

Group No. Treatment Group Number of Animals
1. Control Group 9
2 (a) Boric Acid induced Toxicity group @350mg/kadyweight/day/rat for 30 days 24
2 (b) EAE treated group following Boric acid inddd®xicity @ 500 mg/kg body weight/day/rat for 68yd 18
Table 2: Tissue Biochemical Analysis of Control, itlowing Boric Acid toxicity and plant extract treat ment groups
GROUPS CONTROL | 15 DAY BA | 30 DAY BA | 30 DAY PE | 60 DAY PE
CHOLESTEROL (mg/g of tissue)
TESTIS 34+004 | 7.20.33 8.3+0.24 | 6.9+0.20" 3.8+0.020°
LIVER 0.7+0.03 | 3.2+0.63 4.9+0.05 | 3.240.43 2.1+0.034
KIDNEY 0.9+0.02 | 3.7+0.403 | 5.3%0.27 | 4.2+0.38" 2.0+0.028
PROTEIN(mg/g of tissue)
TESTIS 9.3+0.28 | 6.4+0.56 5.8+0.42 7.0+0.03" 8.7+0.05
LIVER 75+0.27 | 6.320.25 4.5+0.22 5.6+0.40" | 6.80+0.63"
KIDNEY 85+0.43 | 6.2+0.67 5.3+0.33 | 6.3+0.35" | 7.380.022
All values are mean +SD for 3 rats. %0.0001-0.0006, **: g0.0007-0.005, ***: i<0.006-0.05
Table 3: Semen Analysis of Control, following BoridAcid toxicity and plant extract treatment groups

GROUPS CONTROL | 15 DAY BA | 30 DAY BA | 30 DAY PE| 60 DAYPE
Sperm count 7.1+0.3 3.2+#1.21 1.840.54 8.1+0.30 8.5+0.50
(1¢°/ml)
Motility (%) 67.00+6 - - 57.8+5.29 61.1+0.98
Vitality (%) 66.0+2.51 — - 2.33+0.57 1.0+0.23
Abnormal Morphology (%) | 10.6+1.5. 75.0£2.5 90.8+12.7. 46.6+2.5: 37.0+2.2!
All values are mean +SD for 3 rats.
Table 4: Seminal plasma biochemical assessment afi@rol, following Boric Acid toxicity and plant extract treatment groups
GROUPS
CONTROL | 15 DAY BA | 30 DAY BA | 30 DAY PE | 60 DAY PE
LDH (unit/ml) [ 53.240.305| 60.1+8.71 | 70.0+3.40 65.6+0.50 | 58.7+7.84
o | wolucosidase | 344009 | 101087 | 131011 | 18:025° | 272078
2 (pmol/l)_ _
'Lfl_j '@z‘;’”'“”e 0.15:0.016 | 0.23+0.04 | 0.26:0.02" | 0.35+0.05" | 0.17+0.0%"
=
< | GPC 0.31:0.018 | 0.18+0.05 | 0.090.008 | 0.19+0.36" | 0.25:0.06"
g (mmol/L)
o ﬁjc;::“) 20.49+0.462| 17.6+1.15 12.7+0.14 18.5+0.22 21.9+1.57
(Cn':g/‘al’;c'd 6.59+0.16 42+08 | 36091 | 313056 | 5.4+1.24"
All values are mean = SD for 3 rats. %p.0001-0.0006, **: g0.0007-0.005, ***: 5x0.006-0.05.
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Table 5: Hematological and hematocrit values of Cdrol, following Boric Acid toxicity and plant extra ct treatment groups

GROUPS
CONTROL | 15 DAY BA | 30 DAY BA [ 30 DAY PE | 60 DAY PE
Haemoglobin (gm%) 14.6£0.40 | 12.1+0.35 | 11.9+0.40° | 11.020.05 | 14.0£0.35
o | TotalW.B.C (10/c.mm) | 11.7+0.56 2.5+0.80 1.9+0.02 4.9+090 | 6.9+0.40
x | Total R.B.C (10/C.mm) 7.840.07 6.1+0.16 5.1+0.08 6.2+0.20 7.1+0.20
& [ Platelet Count (16/c.mm) | 7.0£0.07 4.3+0.31 6.0+0.34 7.0+0.8T 7.9+0.07
< [PCV (%) 46.60.66 34.04¢556 | 29.6+6.5 | 31.2+0.17 41.5+.31
< | MCV(f) 60.0+0.98 55.7+0.50 | 52.1+0.87 | 50.9+0.16° | 53.5x0.16
< | M.C.H (pg) 18.740.4C | 19.8+0.6C" | 23.0+0.1" | 21.2+0.8™ | 18.3x0.2¢
2 ["M.C.H.C (%) 31.3+0.55 | 34.6+0.5" 38.7+0.37 | 31.1+0.0¢ 34.60.5{"

All values are mean = SD for 3 rats. %p.0001-0.0006, **: g0.0007-0.005, ***: 5x0.006-0.05.

Table 6: Serum Biochemical Analysis of Control, fdbwing Boric Acid toxicity and plant extract treatment groups

GROUPS
CONTROL | 15 DAYS BA | 30 DAYS BA | 30 DAYS PE | 60 DAYS PE

GLUCOSE (mg/dI) 103.6+0.1 | 52.1+0.3F 49.7+0.47 92.240.02 101.3+0.37

v« | Protein (g/dl) 8.3+0.26 5.0+0.33 4.7+0.15 2.840.25" 6.0£0.3."

@ | HDL-Cholesterol (mg%) | 165.8+7.16 | 77.6.3+2.89 | 60.6+1.55 84.8+0.25 102.5+0.47

& [ Triglyceride (mg/d 61.6+0.73 97.06+9.60 | 108.1#5.56 | 87.0£0.14 | 53.0£0.46

”EJ Creatinine (mg/dl) 2.0+0.70 0.86+0.04 0.5+.025 0.8+0.36" 1.1+0.60"

< | Urea (mg/d)) 5.0+0.30 1.3+0.45 0.8+0.17" 1.420.20" 3.3+0.77

< | Total Bilirubin (mg/dl) 4.3+0.27 2.6+0.20 1.0+0.44 2.840.05 3.9+0.51

& [ Direct Bilirubin (mg/dl) | 1.9+0.2: 1.1+0.37 1.3+0.2¢ 0.93+0.2€" | 0.96x0.07
SGPT(U/IAST) 4.5+0.22 2.3+0.20 6.6+0.27 5.840.15" 4.3+0.81
SGOT(U/IALT) 4.6+0.20 6.9+0.16 9.3+0.10 7.820.20° 5.7+0.84"
CK-MB(U/) 17.9+0.09 16.8+0.77 20.1+0.34 19.2+0.56° | 18.7+0.94

Table 7: Testesterone, Estrogen and FSH levels ob@trol, following Boric Acid toxicity and plant extract treatment groups

Figure 1 a-e: Histological section of testis of Carol, following Boric Acid toxicity and plant extra ct treatment groups. Thick arrows

All values are mean +SD for 3 rats. %0.0001-0.0006, **: g0.0007-0.005, ***: i<0.006-0.05

Treatment Groups | Testosterone (ng/ml)| Estrogen (pgil) | FSH (mIU/ml)
Contro 1.08+0.0! 47.48540.2: 0.32+0.03%
Boric Acid 30 day 0.59+0.04 32.0+2.54 0.33+0.030
Plant Extract 30 day$  0.71+0.05 *** 24.84+1.34 ** .10+0.04**
Plant Extract 60 days 1.09+0.02* 38.542.22 *** 003a2 ***

All values are mean +SD for 3 rats. %0.0001-0.0006, ***: 3<0.006-0.05.

indicate seminiferous tubules and thin arrow indicaed Leydig cells.

Figure 1a: Control Group

Figure 1b: 15 Days Boric Acid Group
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Figure 1c: 30 Days Boric Acid Group Figure 1d30 Days Plant Extract Group
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Figure 2a-f: Histological section of Liver of Contwol, following Boric Acid toxicity and plant extract treatment
groups. Thin arrow indicated Sinusoids and accumulgon of blood cells.

Figure 2a: Control Group Figure 2b: 15 Days Boic Acid Group
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Figure 2c: 30 Days Boric Acid Group Figure 2d: 3@ays Plant Extract Group

Figure 2e: 60 Days Plant Extract Group Figure 2f60 Days Plant Extract Group
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Figure 3a-f: Histological section of Kidney of Cotrol, following Boric Acid toxicity and plant extra ct
treatment groups.

Figure 3a: Control Group Figure 3b: 15 Days Boic Acid Group

e
i {L o
Ay £

4

"
2 A
N

90

Scholars Research Library



Sriram Seshadriet al Cent. Euro. J. Exp. Bio., 2012, 1 (3):77-93

Figure 3c: 30 Days Boric Acid Group Figure 3d: 3@ays Plant Extract Group

Figure 3f60 Days Plant Extract Group
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Graph 1: MDA and GSH levels of Testis of Controlfollowing Boric Acid toxicity and plant extract
treatment groups.
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All values are mean +SD for 3 rats. %0.0001-0.0006
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CONCLUSION

Thus with the treatment of boric acid in rats, filnectioning of male reproductive organ is complgteimpered and
the animals became astheno-necrozoospermic. Baidanat only affects the testis but also inhibke functioning
of vital organs like liver and kidneysThus, the above results reveal that the boric a&willices hepato and
nephropathy and is also a potent reproductive émticFollowing treatment of the boric acid treatedmals with
the hydroalcoholic plant extract, a reversal in ttanaged histoarchitecture of tissue was obseadng the
treatment period a decline the oxidative stressalssobserved. Reproductive toxicological effadviced by boric
acid was also observed to be completely recovarkalfing plant extract treatment. Hence, the extcam be used
for the reversal of reproductive toxicity.
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