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ABSTRACT
This study focused on to evaluate effects of aralell as intraperitoneal administration of vario
doses of refinery sludge on the bone histology igumea pig model. Adult guinea pigs wele
randomly selected to which refinery sludge was a@strated in a dose range of 1.5-6.0mg/kg bagly
wt. for a period of 3 weeks. The bone of inteneshfthis animal model were fixed and decalcifi
After being dehydrated with ascending grades ohrathand xylene,the specimens were embedgtied
in paraffin. These specimens were cut into sergtiens 5um thick each in the frontal plan
passing through the midline between the mediallatetal menisci. These sections were subjecfed
to haematoxylin and,safranin-O-fast greeklasson’s trichromeand toluidine blue staining
Histopathological analyses showed that refinerydgki insulted guinea pigs showed decreasej in
bone cell population density and cartilage degetieraand necrosis. Dose dependent and tifme
dependant refinery sludge insulted might have des lesion in the bone of guinea pigs,could well
be inferred from this study,however demands furéwatuation.
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INTRODUCTION
Refinery sludge is made up of thick, viscous migtaf sediments, water, oil, hydrocarbon concermmnati
and considerable quantities of solid particles;clhare very complex in nature and complexity depend
on the source&? The sludge is produced by encountered duringderaail refining, cleaning of oil
storage vessels and refining-waste water treatriéiet processing activities of one kilogram of craile
can generate 10-20 grams of oily slutigedia, US EPA and OECD countries designated wigtes as
hazardous wastg% Oil sludge is mainly composed of alkanes, asphak, resin, sulphides, and
polycyclic aromatic hydrocarbons (PAHs) of 4, 5, &d more rings, in over 10-20 fold
concentratioh®°*°
PAHSs represent a serious environmental hazard aubet fact that they have high persistence in the
environment, low biodegradability and high lipojtgii’. The BTEX (benzene, toluene, ethyl benzene
and xylene) are the main components of the refisérgige which are of serious concern due to their
toxicity and as carcinogenic compoutfdé This refinery sludge contaminant enters the emvirent as a
result of human activities, which includes deliteradumping, improper treatments and
managements,storage,transportation and landfjlodizl.
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The environmental impact of oil sludge contamimatiacludes physical and chemical alteration of
natural habitats,lethal and sub-lethal toxic efeah aquatics and terrestrial ecosystem;which tver
years have been reported as being gendfoRit?

The aims of this study were to describe the higtapagic features as well as examined the altematadf
structural cellular architecture to the guinea gigme caused by long term low-dose refinery sludge
treatment and to identify the effects of refineiydgie on choreographic image of the bone.

The guinea pig is a small,stocky,tailless rodentstmextensively used in biomedical research and
diagonosis of infectious disease$ Previous workers suggest that the componentgfaofery sludge
caused a significant reduction of the haematoalties of guinea pigs.The crude oil influence the
unscheduled mitochondrion DNA synthesis and aitmabf C&* concentration gradient and finally
inhibition of C&" influx into the cytosdf?’. The acute toxicity of conventional crude oil isueduced
fetal weight, decreased litter size, decreased fe¢dght, incomplete ossification of nasal bones an
caudal centra and increased incidence of pup nitgrtalring lactation with respect to dose incréase

From the histological and cellular point of viewprie is a highly vascularized and innervated,
mineralized conjunctive tissue, which is structured lamellae of calcified osteoid matrix. The
arrangement of these lamellae determines whetledbdhe is cortical or cancellous;which are composed
of osteons. Cortical or compact bone containingamsttes, is arranged concentrically around Hawversia
Canals. Cancellous or trabecular bone is formedabyetwork of bone lamellae, delimiting areolar
cavities inside which the bone marrow is fotfnd_ong bones of guinea pig are composed of an outer
layer of dense compact bone and an inner meshwdrilmecular bone, which is particularly abundant i
the epiphyses, and bone marfaw

Histologically, the osteoporosis like bone dise&seharacterized by chondrocyte and proteoglycan
loss,extensive degeneration of the articular eayilfibrillation,chondrocyte cloning and osteophyte
formatiorf®. This multifactorial skeletal disorder also chaesized by decreased bone mass,deteriorated
microarchitectur that led to increase risk of fraetis generally viewed as resulting from a comiodma

of age-related,hormonal,dietary,life style and gierfactors,all of which can lead to reduced boras#n.
Some researchers suggested that microdamage tbhoswval bone by mechanical overload was led to
bone sclerosis and influence the bone turnovettezbsin the deterioration of subchondral b@nd@he
abnormality of the subchondral bone influence thedilage degeneration due to their cushion-andrchai
analogy’. This cartilage degeneration features were andlysing the scoring system developed by a
group of researchers. The following eight paranseteere graded: loss of superficial layer, erosibn o
cartilage, fibrillation and/or fissures, loss ddistable proteoglycan, disorganization of chondresytoss

of chondrocytes, cluster formation and exposursubthondral borfé?°

MATERIALS AND METHODS
Experimental animal and design:
Twenty four adult male and female guinea pigsia porcellusL.), of 2 — 3 months old with body
weight between 250 to 350 g were obtained from IN&stern Hill Universityshillong were selected
and randomly divided into four different groupsn@ach group . All animal experiments were conedct
according to the research protocols approved byh&auUniversity institutional Animal Ethics
Committee(certificate number IAEC/PER/2012-13/178Bhe animals were housed in polypropylene
cages at ZZ on a 12 h light/dark cycle and provided with gtz pelleted feed.
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Food and water were provided ad libitum. AnimalsSsbup | (controls) were normal fed with distilled
water. Animals of Group Il were oral as well agaperitoneally injected 1.5mg/kgbw while Group IlI
and Group IV animals had injected 3.0 mg/kgbw &riimg/kgbw of test chemical respectively. The
procedure was repeated daily between 9.00-10.0@@a21 consecutive days.

Toxicity study:

For toxicity studies, a group of 18 adult healttoymal guinea pig were treated with a dose of 20 mg
kgbw the LD50 was determined(by Probit methodsk Tést chemical did not show any sign of acute
toxicity or mortality over the observation periofi2l days below the dose level of 20 mg/bd wt when
administered orally as well as intraperitoneal adstiation to adult guinea pig. Therefore, it was
assumed that the chemical was devoid of any aoute éffect proving their wide margin of safety tp
the dose level used in the present study.

Tissue preparation for Histological Analysis :

Methods of fixation, decalcification and embedding:

On day twenty two, 24 hrs after last dose of sluddministration, the guinea pigs were anaesthetized
with ether than sacrificed. The target specimen® (Teft and right femur and tibia were stripped of
tendon and musculature) and bilateral knee joirgeevexcised for histopathologic evaluation. Theekne
joints at 80-90 of flexion was fixed in 10% neutral buffered forimasolution for 3 days and decalcified
at 4°C for 5 days, afteneutralizing with 5% NaS{at room temperature for 1 day, the sample was
dehydrated and embedded in paraffin by the standesethod For bone histologic analysis slightly
different protocol was followed. The femur and dibiere fixed in a neutral-buffered 10% formalim fo
24 hrs, decalcification with either a solution1df® EDTA, cut into the medial and lateral plateand
embedded in paraffin wax at 86 and finally cast in paraffin blocks. Division thfe samples was made
with a microtome (Leica Biosystems, Germany) ahigakness of 5um with randomly prepared 4-6
histological sections were cut through each cempaion of the plateau with a constant intervall60-
120um and these sections were displayed on a glasstealwas previously coated with a thin layer of
Mayer albumin. These paraffin section stained wilematoxylin-eosin and Safranin O(0.04% in 0.1 M
sodium acetate buffer, pH 4) staining for the gaharchitecture of the boffe Another histological
staining procedures for toluidine blue( 0.04% it ® sodium acetate buffer ,pH 4);stain utilized for
optimal demonstration of mineralized bone,oste@idnss,osteoblast and osteoclasts. Masson trichrome
method stains differently a mineralized bone (gfielere) and an osteoid (red/oranjesteoclasts were
identified as multinucleated celf& All of the samples were subjected to optic micagsc (Olympus
BX-60) examination at 21 days to evaluate diffee=nio the bone structure.
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RESULTS

Macroscopic images of surfaces of guinea pig kioggsj were examined grossly in control as well as
treated group animals.The control group animal dgaviormal surface fissuring and increasing severity
with surface ulcerations, pitting lesions on thefae (medium dose treated groups) to severe &gthd
very badly erosion to bone surface with respethéodose increases.

Histological examination of haematoxylin and eogtaining, the sludge treated group showed
histological characteristics of the necrotic bolteshowed pyknotic nuclei of osteocytes and empty
lacunae. The numbers and size of empty lacunaemareedly increased compared to control group.

Fig.2 (a): Histologic photographs of the section ad control adult guinea pig tibial diaphysis showig normal
bone architecture with osteocytes (—» ) reséd in their lacunae ( j ) [H&E;original magnification x400]
Fig.2 (b): Histologic photographs of the section o& refinery sludge treated adult guinea pig tibialdiaphysis
showing necrotic bone architecture with pyknotic nelei of osteocytes ) and increased number laicunae
(—* ) [H&E;original magnification x400]

Bone cells are heavily populated in control when@ageated condition these were less and osteoclas
(multinucleated cells) like cells were clumped tbge.Bone trabeculae appeared very thin and
discontinuous. Resorption cavities were observetiéncortical bone in treated group animals.Widgnin
of bone marrow spaces was also seen. Erosion es\éind faint staining of bone trabeculae were
frequently seen.

Fig.3(a):Images of light micrograph of section of acontrol adult guinea pig of femur hypophysis showig
normal bone cell population (— ) (H&E;original magnification x400)

Fig.3(b): Images of light micrograph of section ofa refinery sludge treated adult guinea pig represds
cellular alterations recorded in bone cell populatn,clumped together,discontinuous and widely sepated
bone trabeculae (—» ) and bone marrow k‘) spaces is also seen. (H&E;original magnificath x400)
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Histological as well as cellular scoring for kneénj by toulidine blue staining shows that in cohtr
guinea pig animals present normal (1/2 cells/lapw®ls but in treated group animal possess some
regions of hypercellularity as well as clusterinighwespect to the doses of test chemical increases

Fig .4(a): A photomicrograph of control adult guinea pig knees demonstrating the normal cellular levelith
(2/2 cells/lacuna) (—» JToulidine blue stain;original magnification x250]

Fig.4(b): A photomicrograph of refinery sludge treded(6.0mg/kgbdwt) adult guinea pig knees demonstratg
the abnormal cellular architecture with hypercellularity ( —) and clustering each other (,’ ) [Toulidine

blue stainoriginal magnification x250]

Cartilage destruction :
In control groupsthe medial tibial plateau articular cartilage notered with the meniscus had a smooth

surface, and no abnormality was noted in chondescgr extracellular matrix.In sludge treated guinea
pigs, number of chondrocytes was diffusely decr¢d@sehe tangential zone, and fibrillation expanted
the radial zone. In control group animals normabsth, uninterrupted surface was seen.

Copyright © June, 2015; IJPAB 182



Das, B.K. and Sharma, D.K. Int. J. Pure App. BioscB (3): 178-188 (2015) ISSN: 2320 — 7051
In treated group animals irregular surface, 1-2esligal clefts (fissures) and/or loss of cartilage
extending into the deep zone. The distance betwlerosteochondral junction and the bone marrow
cavity was decrease in treated group animals campiih the control sample.Histologically subchomhdra
bone plate thikness and chondrocyte loss extendimg the upper middle zonefibrillation and
proteoglycan loss was significantly varies fromnttol to the treated animals.( Safranin-
Of/fast/hematoxylin)

Fig.5(a): Histologic findings demonstrating the leels of cartilage structure in control adult guineapig medial
tibial plateau articular cartilage not covered with the meniscus has smooth surface (= ) [Safiaro/fast
green/haematoxylin stain;original magnification x2Q

Fig.5(b): Histologic findings demonstrating the leels of cartilage structure in refinery sludge treaéd guinea
pig(6.0mg/kgbdwt) having irregular surface ( —)with extending into the deep zone (/‘ ) [Safrén-o/fast
green/haematoxylin stain;original magnification x20Q

Actually cartilage degeneration is characterized thg breakdown of collagen fiber and loss of
proteoglycan. In our study showed that the arramgesnof collagen fiber in extracellular matrix of
bones. In treated group animals collagen fiber Mess in exposed in compare with control sample Th
less collagen in cortex and very thin collagenrfitoemation in exposed bones.

Fig.6(a): A photomicrograph of collagen of femur caex in control adult guinea pig showing normal and
thick collagen fiber ( —») [H&E;original magnificationx40]
Fig.6(b): A photomicrograph of collagen of femur cotex in refinery sludge treated adult guinea pig sbwing

abnormal and very thin, discontinuous collagen fibe( — [H&E;original magnificationx40]

o @
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Histological evaluation of structure of articulaartilage from femoral condyle in control guinea ig
stained with Masson’s trichrome showed no histaabichanges and uniform throughout articular
cartilage ,a normal cellularity and extracellulaatnix. In treated group animals (high dose) dispthy
loss of superficial layer,erosion of cartilagedesi extends into the deep zone of uncalcified
cartilage,chondrocyte hypertrophy and more obvihendrocyte loss observed.

Fig.7(a): Histologic photographs of articular cartlage of control adult guinea pig showing normal and
uniform cellularity and external matrix (=) [ Masson’s trichrome stain;original magnification x250]
Fig.7(b): Histologic photographs of articular cartilage of refinery sludge treated adult guinea pig stwing
abnormal superficial layer ( —» ) with chondrogte hypertrophy ( _").

[ Masson'’s trichrome stain;original magnification x250]

DISCUSSION
In the present work, bone affection was found atagroscopic or gross anatomic assessment in rgfiner
sludge treated animals. The treated animal showas thie abnormal surface fissuring and increasing
severity with ulcerations, badly erosion to the d@urface with respect to the test chemical ine®as
This finding precisely agree with the findings thie previous workers whose has reported that the
refinery sludge causes birth defects, nervous de&sr and liver disease, depression, irregulartinests
etc®343°3% gome worker also explain toxicological affectsrefinery sludge by its metabolic results
produce epoxide compounds with mutagenic and cageimic that affects the skin, blood, immune
system, liver, spleen, kidney, lungs, developiretds, it also causes weight 15583
In our study, bone alteration was found at a cafldevel in refinery sludge treated animals by
microscopic observations. The bone sections reggakrked and significant thinning of the outer khel
of compact bone. Histological characteristics ef tiecrotic bone was shown as apoptotic osteocyths w
pyknotic nuclei and empty lacunae. The numbers siad of empty lacunae relatively increased
compared with control group animals. Many reseasch@d investigators reported that, components of
refinery sludge have been found to be cytotoxic mmdagenic effects into the cellular level, whish i
dominated by apoptosis.
In this current study, we found that bone cells heavily populated and having normal cellular
architecture in control group animals; where asréated condition these were less and osteockast li
cells were clumped together and also seen verpeklitbone trabeculae and discontinuous in some areas
with erosion cavities and dimly stained bone mardme to the widening of bone marrow.
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This abnormal bone marrow spaces is the clinicalkatteristics of osteopenia. These findings can be
attributed to agree with other workers already @ranhthat osteopenia as a complication for childhoo
malignancies which is characterized by reduced buoaeow density and increased fracture A%Ks
This osteopenia would lead to the osteoporosisachenized by cancellous bone became manifested as
thinning and focal disruption of the trabeculaddwkd by progressive enlargement of the perforation
and total los&***,
In our experiment, it is found that osteochonduaiction and the bone marrow cavity was decrease in
treated group animals followed by irregular surfaeerficial clefts and loss of cartilage extegdinto
the deep zone. This thinner subchondral bone pladecating less bone involvement and severe
destruction of the articular surface.
This finding coincided with previous workers whoshaported that cartilage destruction and subclabndr
bone sclerosis is most pronounced in the centraliaheondyle which is most commonly affected by
osteoporosfS.
In this study we found that the arrangements dageh fiber in extracellular matrix of bones inatiex
group animals were less and very thin collagerr fibemation with respect to the control group arisna
This findings to consent with previous workers hagggested that calcium binding receptor
(glycoprotein) of plasma membrane plays importaté in calcium influx which helps for the increase
osteoblast number and its biosynthetic productageff®. Other workers explained that reduction of
collagen fibers in bone cortex may be due to rédnaif osteocytes and chondrocyte proliferation
In our present study, these findings provide dimgtlence that the histological changes observed by
Masson trichrome stain, cellular changes in pasicare mainly caused by chondrocyte death and it
influences to the decreases to the number of dstetadind osteoclast population. Our findings suiggalor
by other researchers who has reported that diffietéon of osteoblast is one of the key events @mieh
formatior{®*°.
CONCLUSION
In conclusion, from the foregoing, it is observldttan increase in oxidative trauma by refinergigéu
pathologically will result in the destruction of ehmacromolecular structure as well as cellular
architecture of the bone histologyose dependent and time dependant refinery slirdgdted might
have developed lesion in the histology of guinegspcould well be inferred from this study, however
demands further evaluation.
Acknowledgement
We would like to thank the authors, publishers, egoment and non- governmental agencies whose
works had been cited.
CONFLICT OF INTEREST

The authors declare that there are no conflicietefest.

REFERENCES
1. Lucena, E. Verdun, P. Aurelle, Y. Secq, A., Nouvgmacédé de valorisation des « slops » de
raffineries et déchets huileux par distillationéréazéotropiqueQil & gas science and technology-
Rev.IFR 58(3) pp 353-360 (2003)
2. Lingsheng, Z. Jiang, X. Liu, J., Characteristicsody sludge combustion in circulating fluidized
beds,Journal of hazardous material70 pp 175-179 (2009)
Copyright © June, 2015; IJPAB 185



Das, B.K. and Sharma, D.K. Int. J. Pure App. BioscB (3): 178-188 (2015) ISSN: 2320 — 7051

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

Baochen, C. Fuyi, C. Jing, G. Xu, S. Huo, W. and, 1S., Oxidation of oily sludge in supercritical
water,Journal of hazardous material$65. pp 511-517 (2009)

Athanasios, K.K. and Voudrias, E.A., Cement-bas&abifization / solidification of oil refinery
sludge: Leaching behavior of Alkanes and PABsjrnal of hazardous material448 pp 122-135
(2007)

Zhu Xueqing, Albert, D. Venosa, Makram, T. Suidamd Kenneth Lee, U.S. Environmental
Protection Agency, USA, Guidelines for the bioremddn of marine shorelines and freshwater
wetlands (2001)

Ministry of Environment and Forest (MoEF), Govermef India, Hazardous Wastes (Management
and Handling) Rules Amendment (2000)

Diallo, M. Cagin, T. Faulon, J.L. Goddard, W.A., éfimodynamic properties of asphaltene: A
predictive approach based on computer assistedtsteuelucidated and atomistic simulations. In:
Asphaltene and asphalts Il (eds TF Yen and GV @dmliian), developments in petroleum science
40B, Elsevier Amsterdani03-127 (2000)

Shie, J. Lin, J. Chang, C. Wu, C. Lee, D. Chang@en, Y., Oxidative thermal treatment of oil
sludge at low heating ratdsnergy Fuell8: 1272-1281 (2004)

Wang, J. Yin, J. Ge, L. Shao, J. Zheng, J., Charaetion of oil sludge from two oil fields in Chin
Energy Fuel24: 973-978 (2010)

Li, C.T. Lee, W.J. Mi, H.H. Su, C.C., PAH emissifbam the incineration of waste oil sludge and PE
plastic mixturesSci. Total Environ170 171-183. (1995)

Moreda, J.M. Arranz, A. De Betofio, F.S. Cid, A. @&z, J.F., Chromatographic Determination of
Aliphatic Hydrocarbons and Polyaromatic Hydrocarbh®AHs in a Sewage Sludgehe science of
the total environmen220 pp 33-43 (1998)

Muneron de Mello JM,Heloisa de lima B, Antonio A Be Saouza U,Biodegradation of BTEX
compounds in a biofilm reactor-modelling and sintiola, J Petrol Sci EngyG: 131-139 (2000)
Farhadiah, M.Vachelad, C. Duchez, D. & Larroche, I8.situ bioremediation of monoaromatic
pollutants in groundwater: A reviedvBio Tech99: 5296-5308 (2007)

Mishra, S. Jyoti, J. Kuhad, R.C. Lai, Bn, situ bioremediation potential of an oil sludge-degrading
bacterial consortiunCurr. Microbiol. 43: 328-335 (2001)

Bach, Q.D. Kim, S.J. Choi, S.C. Oh, Y.S., Enhancthg intrinsic bioremediation of PAH-
contaminated anoxic estuarine sediments with lnagtiting agentsl. Microbiol. 43: 319 (2005)

Bojes, H.K. Pope, P.G., Characterization of EPA® driority pollutant polycyclic aromatic
hydrocarbons (PAHSs) in tank bottom solids and dased contaminated soils at oil exploration and
production sites in TexaRegul Toxicol Pharmacot7(3) 288-295(2007)

Noonan, D., The Guinea PIGNZCCART new&/ The University of AdelaideZ(3): (1994)

Reid, M.E., The Guinea Pig in Researttuman Factors Research Buregop. 62—70.“Timeline:
China’s space quest”. CNN.com. 2004-01-05 (1958)

Daniel, U.O0. Uwana, B.U. Nyoh, A. and Eyong, U.Effect of bonny light crude oil on some
haematological parameters of guinea B{OKEMISTRI17(2)165-170 (2005)

Ibiba, F.O. and Adirimo, B.J., Int. Environ. Res. Public Healtd(1): 23-27 (2007)

API; The Relationship between the Aromatic RingsSI&€ontent and Selected Endpoints of Repeat-
dose and Developmental Toxicity of High-boiling ®étum Substances. PAC Analysis Task Group.
American Petroleum Institute. Washington, DC (2008)

Copyright © June, 2015; IJPAB 186



Das, B.K. and Sharma, D.K. Int. J. Pure App. BioscB (3): 178-188 (2015) ISSN: 2320 — 7051

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Wheater PR, Burkitt HG, Daniels VG. Functional ldiegyy. New York:Churchill Livingstone ed p.
142-60 (1987)

Zoetis T, Tassinari MS, Bagi C,Walthall K, Hurtt MESpecies comparison of postnatal bone growth
and development. Birth Defects Research Part B-Ibpwgental and Reproductive Toxicolo@:
86-110 DOI 10.1002/bdrb.10012. Witkowska (2003)

Bendele AM, Hulman JF. Spontaneous cartilage dedjoer in guinea pigsArthritis Rheum 31:
561-5 (1988)

Compston, J; Osteoporosis. In Warrell, D. A., Bdaz)., Cox, T. M. and Firth, J. D. (Eds.), Oxford
Textbook of Medicine4th edi., vol.3 (2004)

Burr DB. The importance of subchondral bone in giegression of osteoarthritid. Rheumatol
Supp] 31 77-80 (2004)

Radin EL, Rose RM. Role of subchondral bone initiiteation and progression of cartilage damage.
Clin Orthop Relat Re13 34-40 (1986)

Colombo C, Butler M, O'Byrne E, Hickman L, Swartzeaber D, Selwyn M, Steinetz B. A new
model of osteoarthritis in rabbit&rthritis Rheum26. 875-86(1983)

Kikuchi T, Yamada H, Shimmei M. Effect of high molgar weight hyaluronan on cartilage
degeneration in a rabbit model of osteoarthr@isteoarthritis Cart4: 99-110 (1996)

Stevens, A. and Wilson, G. The haematoxylin andneds: Bancroft, J, Stevens, A and Turner, D:
(Theory and practice of histological techniquéth edition: Churchill Livingstone, New York: 100-
103 (1996)

Asonova, S. N. and Migalkin, N. S. Use of Massarichrome method for staining decalcified bone
tissue,Arkh Pato| 58(1) 66-7(1996)

Drury, R. B. Bone and decalcification. In carlemhistological techniqué&” (eds.), Drury R. B. and
Wallington, E. A. edi., Oxford University Pressgea 199-200 (1980)

Gomer Charles J. & David M. Smith. Acute skin phoxicity in hairless mice following exposure to
crude shale oil or natural petroleum digxicology 18(1) 75-85 (1980)

Knafla A., K.A. Phillipps, R.W. Brecher, S. PetroyiM. Richardson; Development of a dermal
cancer slope factor for benzafjpyrene, Regulatory Toxicology and Pharmacologhb(2) 159-168
(2006)

Carpenter C. P., D. L. Geary Jr., R. C. Myers, .INachreiner, L. J. Sullivan, J. M. King; Petroleum
hydrocarbon toxicity studies , : XIV. Animal and rhan response to vapors of “High Aromatic
Solvent”, Toxicology and Applied Pharmacolaqghl (2) 235-249 (1977)

Rice Stanley D., Jeffrey W. Short, Mark G. Carlslatn Moles, Robert B. Spies; The Exxon Valdez
Qil Spill, Long-term Ecological Change in the Nath Gulf of Alaska, 419-520 (2007)

TERA; “Peer Consultation on Relationship betweenCPRrofile and Toxicity of Petroleum
Substances” (APl Report), http://www.tera.org/pa&Bi/APIWelcome.htm, accessed 28 Oct 2009
and “Report of the Peer Consultation on Relatignbletween PAC Profile and Toxicity of Petroleum
Substances Volume I” (TERA peer review) http://wiesa.org/peer/API/PAC MEETING REPORT
Final.pdf, accessed 28 Oct 2009 (2008)

Sidney D; Agency for toxic substances and diseesgistry and national centre for environmental
health (2008)

Bayoumi, R,A., Bacterial bioremediation of polyadgclaromatic hydrocarbons in heavy oil
contaminated soill. Appl. Sci. Re& (2). 197-211(2009)

Copyright © June, 2015; IJPAB 187



Das, B.K. and Sharma, D.K. Int. J. Pure App. BioscB (3): 178-188 (2015) ISSN: 2320 — 7051

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

Van Der Sluis, |. Van den. M. Heuvel-Eibrink, K. ahlen, E. Krenning, M. and De Muinck Keizer-
Schrama, S, “Altered bone mineral density and booiyposition, and increased fracture risk in
childhood acute lymphoblastic leukemid,”of Pediatrics 141 (2) 204—10 (2002)

H ogler, W.; Wehl, G.; Van Staa, T.; Meister, Aleia-Franke, A. and Kropshofer, G.; “Incidence of
skeletal complications during treatment of childticarute lymphoblastic leukemia: comparison of
fracture risk with the general practice researdalukse, Pediatric Bloodand Cancer48 (1) 21-27
(2007)

Lane, N. Yao, W. Kinney, J. Madlin, G.; Blaooch, Mnd Wronski, T.: Both hPTH and bFGF
increase trabecular bone mass in osteopenic ratthéwy have different effects on trabecular bone
architectureJ. Bone Miner. Resl8: 2105-15 (2003)

El-Morsy, A. Beshir, S. Farrag, K. Mohamed, M. dddmam, G., Comparative study of effect of
vitamin K versus combined Ca and vitamin D admiatidn on the prevention of experimentally —
induced osteoporosis in adult male albino Exggp. J. Histal 34: 5-14 (2011)

Steiniche, T., Bone histomorphometry in pathopHygsiical evaluation of primary and secondary
osteoporosis and various treatment modalis&®M1S 103 1-44 (1995)

De Bri E, Reinholt, F.P. Svensson, O., Primary @atiarosis in guinea pigs: A stereological stully.
Orthop Red 3. 769-76 (1995)

Adey WR;The sequence and energetics of cell memsbteansductive coupling to intracellular
enzyme system®&ioelectrochem Bioenerd5: 447-56 (1986)

Xian, C. Cool, J. Scherer, M. Macsai, C. and Fan, @ellular mechanisms for methotrexate
chemotherapy-induced bone growth defeBtme 41: 842— 50 (2007)

Deepthi, S.K. Amar, G.R. and Naidu, J.N., Study libchemical bone turnover markers in
postmenopausal women leading to osteoporadsts,J. Applied Biolo. Pharm. Tegh3(3): 301-5
(2012)

Behari, J. and Behari, J., Changes in bone hisgothge to capacitive electric field stimulation of
ovariectomized raind. J. Med. Res130(6} 720-5 (2009)

Copyright © June, 2015; IJPAB 188



