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Abstract

A wide range of agents including corticosteroids &itamin-C have been shown to possess some
neuro-regenerative effect in peripheral nerve injuy, but histopathological support for such
claims remains scanty. Therefore, the present studwas planned to assess the role of local ad-
ministration of hydorcortisone in the healing of eperimentally induced sciatic nerve crush in-
jury. 30 rats obtained from the central animal faclity were divided into one control and four
experimental groups of 6 rats each. Walking track pnts of each animal was taken before in-
duction of injury and at weekly intervals postoperdively. Under general anaesthesia and aseptic
condition the sciatic nerve crush-injury was inducd in the mid-thigh region with Kocher’s for-
ceps. 0.5 ml of cortisol was instilled at the sitef injury and wound was closed. The % dose of
cortisol was given after two weeks. Sciatic nerveaufiction was assessed from the walking track
analyses. At the end of the study period (3 to 6 wks), animals were sacrificed and nerves were
immersion fixed in Karnovsky's fixative. Tissue samles were either stained en-block with Os-
mic acid or 07-10 pm thick paraffin sections weretained with H& E , Cresyl violet & Luxol fast
blue and Van Gieson’s stain. It was observed that the @mal on the operated side developed
weakness, had altered gait and revealed lengthening foot prints. The sciatic nerve function
index ranged from -70 to -55 at 1 and 6 weeks poaperatively. Light microscopy- as compared
to control, after one week of injury the nerve fibres were swollen, showed fragmentation by 3
weeks and complete degeneration along with markedemoval of debris of degeneration by six
weeks. Macrophages were associated with degenergimyelin sheath and Schwann cells along
with the endoneurial fibroblasts showed remarkableproliferation and were visible as prominent
fascicles alternating with the degenerating nervellfres. However, during the period of study no
intact nerve fibre was seen to cross the actual sibf nerve injury. It was concluded, that though
the local administration of hydrocorticsone appearsto perceptibly improve the functional re-
covery, absence of concomitant supportive histopatiiogical findings remains to be explained
and therefore, the topical use of steroids to eitmereduce the post-injury nerve dysfunction or
improve nerve regeneration warrants further study.
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Introduction shown to protect the nerve from secondary injuny s
promotes recovery [8, 9].

The peripheral nerve trauma remains a major cafise o

morbidity and even with optimal surgical repaiinally ~ From the functional recovery of peripheral nervalofv-
the sensory outcome remains very poor [1] and peor ing defined acute crush injuries in rat sciaticveefl0] it
sory function adversely affects motor function, tipar ~ Was concluded that the rate of recovery was diraet
larly fine manipulative movements [2After primary lated to the initial load responsible for the ipjuMore-
nerve injury the secondary injury to the nerve WwHads over, the speed of recovery from injury is affeddgcboth
to autodestruction is caused by reactive oxygemispe the physical and pharmacologically active agents: F
which is promoted by lactic acidogB, 4, 5, 6, 7] while ~example, swimming exercise applied during the acute
ascorbic acid (Vitamin-C), an anti oxidant has beenate phase of crush-nerve injuagcelerates nerve regen-

Current Neurobiology 2014 Volume 5 Issue 1 & 2 11



eration [11]and synaptic elimination after axonotmesis,

thereby suggesting that exercise may be initiatededi-
ately after injury. Experimental study on regeneraiof
sciatic nerve crush injury evaluated the role oftaie
physical therapies (e.g., electrical stimulationg a&om-
bined decimeter and infrared) and concluded thgsipal
therapies can improve the regeneration of the exjaci-
atic nerve of rats [12]. Study on the effect of énsfgaric
oxygen on the regeneration of experimental crughies
of nerves [13] concluded that hyperbaric oxygenahg
has no influencen functional recovery. Role of topical
steroids (dexamethasone) in reducing dysfunctidar af
experimental axonotmesis in rat sciatic nerve fhjwed
a trend toward superior recovery for the steroidugr
compared with controls (90%s. 73%), but this differ-
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weeks), crush with corticosteroid (3 weeks & 6 wgek
Walking track analysis for sciatic function inde23] of
each experimental animal was performed before imuc
of injury and subsequently at weekly interval. Frtime
hind limb foot prints, print length factor (PLFhe spread
factor (TSF) and intermediary toe spread factorF)IT
were calculated. Incorporating these factors infoflew-
ing equation, the Sciatic Function Index (SFI) waku-
lated [SFI = -38.3 x PLF + 109.5 x TSF + 13.3 x IF¥F
8.8]. Under general anaesthesia and aseptic condhie
sciatic nerve crush-injury was induced in the nhidt
region with Kocher’'s forceps pressed and locked Sor
minutes. 0.5 ml of cortisol (Primacort-100 contiain
Hydrocortisone sodium succinate inj. IP; from Macde
Pharmaceutical Ltd, Mumbai) was instilled locallytlae

ence did not reach statistical significance. Effafctorti-  site of injury and wounds were closed with 3-0 YidR
costeroid usage combined with multidrug therapy ommetric — NW2401)-absorbable sterilized surgicaldhes
nerve damage assessed by using nerve conductiiesstu suture USP (synthetic; braided coated polyglactl® 9
[15] concluded that corticosteroids is not verycatious  violet; from Ethicon, manufactured in India by Jebn
in the prevention or reversal of nerve damage. Gomp Johnson Ltd, Aurangabad). Animals were given 0.5 ml
son between the effects of local and systemic dexanjection of analgesic Voveran/Rumagesic (Diclofena
methasone on the rat traumatic sciatic nerve mgdgl sodium containing 25 mg DS/3ml from Zee Drugs, New
17] concluded that recovery in the group treatetth Wd-  Delhi) and antibiotic Monocef (containing Ceftriaze
cal dexamethasone was more remarkable than thhein 1gm, injection, IP from Aristo Pharmaceuticals, Mhat)
group treated with systemic dexamethas@neeview of — and wounds were dressed with solution Betadifés(1
the application of “high-dose” steroid therapy NS  Providone-lodine solution IP, from Win Medicare,tPv
injury from a pharmacological perspective [18] rateel Ltd, New Delhi). The second dose of cortisol wagegi
that dose and dosing regimen remain a controvassiaé  after two weeks. At the end of the study periodd3
because of their poor clinical record and also bseaf weeks), animals were sacrificed and nerves wereuped
reduction of safety margin with increasing dosgloto- and immersion fixed in Karnovsky’s fixative. The al@
coticoids. High-dose steroid treatment given foutac nerve segments from some samples were treated with
brain and spinal cord injuries [19] needs carefuisid- Osmic acid [24] for a couple of days and subsedyent
eration of its risks because it may induce acuteotuly-  processed for paraffin embedding and sectioninges&h
sis syndrome. sections generally did not require counter staithe®
nerve samples were processed for paraffin embedding
Androgen has also been shown to reduce the recovegy.10 um thick sections were stained with H& E, gre

time of crush-nerve injury [20]. Improved sciatierme yjolet & Luxol fast blue and Van Gieson stain. Atc-
regeneration by local thyroid hormone treatmenf [B1  tjons were examined under trinocular light micrqeeo
adult rat is accompanied by increased expression @Hlympus: BX40, Japan) both under low and high nragn

SCG10. The stimulating effect of T3 on SCG10 expresfication objectives and representative picturesetévant
sion could provide a mechanism by which T3 enhancegndings were recorded.

peripheral nerve regeneration. Experimental immamiel
cal demyelination has been shown to improve regener
tion in acute crush injury of sciatic nerve [22]Jowkver,
literature providing histopathological support forany
such claims of clinical recovery remains scantgreifore
the present study was planned to assess the radpioél
corticosteroid in the healing of experimentally ucdd
peripheral nerve injury in adult rat.

Observations

Gross

All animals from both control and experimental goeu
remained healthy throughout the period of study raome
of the rats showed signs of infection or ulceratdrthe
foot. However, in some of the animals the skin wasun
tend to gape after receiving“2ose of corticosteroids.
The animals from experimental groups showed weaknes
After IAEC-clearance a total number of 30 rats welbe in the hind limb, altered gait, dragged the dorsirtheir
tained from the central animal facility of JN Meali€Col-  foot and showed reduced response to pinch testekiany
lege, AMU, Aligarh and were divided into one cohtro with the passage of time, they showed gradual irgro
and four experimental groups of 6 rats each. Cbntroment in their gait as compared to one observedast p
without crush, crush without corticosteroid (3 weelé  injury day-1. Walking track analysis for assessmeht

Material and Methods
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sciatic nerve function revealed that animal devetbp The connective tissue fibres associated with perinm
weakness of limb on the injured side, altered gad and endoneurium were minimal and could be justtiden
lengthening of footprints. However, from day 1 ®myd4, fied. In every field the number of cells was renzdnlly

on the operated side, the animals dragged their liith- less as compared to those seen in the experimental
out casting discernible foot print and therefor@bsence groups. Crush-injury lead to degeneration at fte of

of foot print recordings the assessment of thetisai@rve injury while part proximal to it remained intact ifF
function index (SFI) was not possible. The SFI ethg 1B].The experimental group showed degenerationifin d
from -70 to -55 at 1 and 6 weeks post-operativetiidat-  ferent stages. In early stage the nerve fibres wa@len

ing thereby that functional recovery was takingcplan  followed by fragmentation [Fig. 1C] and by six week
both groups (without & with corticoids). Howevehet complete degeneration was seen in the vicinitynjpfry.

one with corticoisteroids showed a bit better SFI. The debris of degeneration was marked in earlyestag
while in later stages major portion of degenerapood-
Microscopic uct was removed. Macrophages were associated with d

It was observed that in control group the sciativa generating myelin sheath and Schwann cells shoeed r

fascicles had densely packed parallel running nfmes r_narkable proliferation and along _With the _endorwuri
[Fig. 1A]. In Osmic acid stain samplesngge not in- flbrob!asts and appeargd as prominent fa_scmlesrm‘t—
cluded nodes and internodes could easily be made ouf?d With the degenerating nerve fibres [Fig. 1Djowi
The myelin sheaths were smooth, uniform and thesro  €Ver, during the entire period of study no intaetve fi-
all thickness varied with the diameter of the nefibees. ~ Pré Was seen to cross the actual point of nerveyin;

"\ L4 ] ]
hﬁ;f -I?

n'. f / 1 5
- -1

Figure 1. Representative photomicrographs of longitudinaitise of sciatic nerve from controh], showing parallel
running closely packed nerve fibres which is asged with Schwann cell (arrow), H & E stain. Expeeintal groupB]
under lower magnification, showing region of crusjury (yellow, double horizontal arrow) and parf the nerve
proximal to it (red star); Cresyl violet & Luxol $ablue stain. Experimental group: 3 week postfeified, showing de-
generating nerve with myelin fragments (red arrogrdoneurium stained light yellow; Osmic acid st&Rrperimental
group: 6 week post crustd] showing degenerating nerve fibres having foamgloudy appearance, and macrophages
(red arrow) and pink region (black arrow) represdmnperplastic endoneurium and Schwann cells; ex@reght (red
border) is epineurium; van Gieson’s stain.

Discussions quent regeneration. In the present study neuropiote
effect of topical corticosteroids have been assksseng

A broad spectrum of traumatic injuries, diseasesiors both functional and histopathlogic parameters. tJjhe

and some iatrogenic lesions are commonly includetbu 4" day post operatively, the animals dragged the hind

peripheral nerve injury. Experimental nerve crushan limb of the operated side with only mild gait impes

accepted model for peripheral nerve injury andsitbse- ment. By the end of 1 week they start taking souppert
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on the operated limb and thus also help in findingthe
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from experimental group at™3and &' week revealed

SFI. With apparent improvement in gait and imprgvin completely intact nerve fibre crossing the actutd sf

SFI from around -70 to -55 over the period of 6 keee
suggests an appreciable improvement. This predesearo
vation on the functional recovery of crush-nervigiy is

nerve injury. On the face of such histopathologioad-
ing it was difficult to ascertain the possible @agor the
obvious functional improvement with increasing ppst

in agreement with the observation of many previougrative time from 1 to 6 weeks as revealed by iwg@ro
workers [14, 1617 and 25]. However, certain workers ment in the gait and SFI.

could not find significant improvement when corster-

The secondary nerve injury which is believed tdolwl

oid was used with multidrug therapy [15] where im-the primary one is likely to cause deterioratiorthwin-
provement was assessed by conduction study. In facteasing post- injury time. The reason for autadetibn

some workerg[18] reviewed the application of “high-
dose” steroid therapy for CNS injufyom a pharmacol-
ogical perspective and noticed that dose and daosigig
men remained a controversial issue because of ploeir
clinical record and also because of reduction détga
margin with increasing dose of glucocoticoids. Same

during secondary nerve injury is believed to beseduby
reactive oxygen species which is due to neutropfiit

tration and in addition promoted by lactic acidde&ding
to free radical-induced lipid peroxidatiof8, 4, 5, 6, 7].
On the other hand ascorbic acid (vitamin-C) a kneuwvti
oxidant has been shown to protect the nerve frasorse

searcherg19] have gone even one step further by sugdary injury and thus has been demonstrated in mardy

gesting that a high-dose steroid treatment giverafoite
brain and spinal cord injuries needs careful carsiibn
of its risks because it may induced acute tumas lggn-
drome which is a constellation of metabolic crisleat
results from massive tumour cell destruction esglci
with hematological malignancies. Recently, somalistu
have shown the neuroregenerative effects of ceothier
hormones as well, for example androgen reducesethe
covery time of crush-nerve injury [20] and locayrbid
hormone treatment improved sciatic nerve regeruardti
adult rat [21].

Microscopic examination in the present study reseal
that as compared to control sciatic nerve the adsrea
of nerve shows increased cellularity. In the ihisiage it
was primarily due to influx of inflammatory cellghile
in the later stages it shows further increase berai
proliferation of resident cells of connective tissnamely
endoneurial fibroblasts and Schwann cells. Thehads

ies to promote recovery [8, 9]. In the present wtidth
sets of experimental groups (crush-without cortiexasd
and crush with corticosteroid) show functional ioe-
ment with a bit faster in the group treated withticos-
teroid. This suggests that possibly there is aruiihb
mechanism in place to check the possible harmfattf
of secondary injury and the corticosteroid sometapa
pears to support this mechanism and thereby produi
bit faster functional improvement as compared t@ on
without corticosteroid. It is believed that becausee
radicals are very short-lived and usually presdniow
concentrations, it is difficult to measure thenthe bio-
logical samples [3]. Study on the protective efeat al-
pha-lipoic acid on crush injury in rats [27] assessvith
functional, molecular and o electromicroscopic gsaé
concluded that it is a neuroprotective agent foipberal
nerve injury and promoted peripheral nerve regdizgra
via its anti-inflammatory and antiapoptotic effedts the
present study the anti-inflammatory potential ofticos-

sciatic nerve showed changes very similar to thet d teroid must also be playing a significant role aster

scribed for Wallerian degeneration and in facthe pre-
sent study, subtle degenerative changes were sezarlg

functional recovery.

as by just 24h post operatively similar to one escdbed The relative significant role of chronic denervatiof
earlier in the optic nerve after ocular enucleafioadult  distal nerve stump and muscle in regeneration geoce
rabbit [2§. The changes seen in the sciatic nerve aftetremains debatable. According to one [28] chronicede
nerve-crush injury were in the form of swellingdeena, vation of the distal stump plays a key role in el
fragmentation and condensation of myelin. Many macr nerve regeneration, but the denervated muscless al
phages were cited in the vicinity of myelin fragtgeen contributing factor. It is believed that at theides site,
Endoneurial fibroblasts and Schwann cells showelthi bo reactive Schwann cells provide trophic support guid-

hypertrophy and hyperplasia. In longitudinal sewithey
were seen in the form of quite robust fasciclesratiting
with the degenerating nerve fibres. They were ot &s-
sociated with formation of endoneurial tube for thees-
sage of future growing nerve fibres from the praadm
nerve stump. In the present study in addition t& HE

ance for outgrowing axons. In the present studwgho
reactive Schwann cells are seen but not a singieigg
axon/neurite from the proximal stump was seen &@<r
the actual site of injury which could serve as gsidal
basis for functional recovery. It is possible tkaime ad-
ditional time was required to observe such thindnap-

staining, many other staining techniques (Osmid,aci pen. But according other [29] chronic Schwann delh-

Cresyl violet & Luxol fast blue and Van Gieson sjai

ervation, chronic neuronal axotomy, and misdirectd

have been used to demonstrate nervous and cormectiegenerating axons into wrong endoneurial tubegare

tissue element separately. And it was interestingdte
that none of the sample stained by different temins

14

marily responsible for poor functional recovery.eTéf-
fect of muscle denervation atrophy is secondaryomF-
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the techniques/staining used in the present stubn the
misdirected fibres would have been identified dytwere

there at the site of nerve injury. Many other fastthat  10.

either regulates Schwann cell or myelination alfeca
regeneration for example endogenously synthesigde F
2 [30] influences early peripheral nerve regeneratiy
regulating Schwann cell proliferation, axonal regtio
and remyelination. Interestingly, recently a noerperi-
mental immunological demyelination method [22] has
been used to enhance nerve regeneration in thé radul
sciatic nerve. Thus, from the present study it was-
cluded that though the local administration of icodter-
oid appears to promote functional recovery theopist
thological findings at the actual site of injurymains in-

congruent and therefore the use of topical stermdsi- 13

ther reduce post-injury nerve dysfunction or imgrov
nerve regeneration warrants further study.

Acknowledgements

14.

Financial support from ICMR througlproject No.
58/6/2009-BMSand technical support for histopathology
from Mr Hamzah Hilmi & Mr Sabuddin is gratefully ac ;¢
knowledged.

References

1. Dagum AB. Peripheral nerve regeneration, repaid, an
grafting. J Hand Ther 1998; 11: 111-117.

2. Westling G, Johansson RS. Factors influencing the
force control during precision grip. Exp Brain Res.
1984; 53: 277-284.

3. Sies H, Cadenas E. Biological basis of detoxicatibn 17
oxygen free radicals. In; Caldwell J, Jacoby WBo-Bi
logical Basis of Detoxication. San Diego, Calif:gAc
demic Press; 1983; 181-211. 18

4. Braughler JM and Hall ED. Involvement of lipid per-
oxidation in CNS injury. J Neurotrauma.1992; 1: S1-
S7.

5. Phillis JW. A "radical" view of cerebral ischemig-i
jury. Prog Neurobiol. 1994; 42: 441- 448.

6. Marin PC, Im MJ, Girotto JA, Borschel G, Bickel
KD. Effects of hydroxyethyl-starch-bound deferoxa-

mine on ischemia/reperfusion injury in chronic reerv 20

compression. J Reconstr Microsurg. 1998; 14: 485-
490.

7. Bagdatoglu C, Saray A, Surucu HS, Ozturk H, Tamer
L. Effect of trapidil in ischemia/reperfusion inyuof

peripheral nerves. Neurosurg. 2002; 51: 212-219. 21.

8. Frei B, England L, Ames BN. Ascorbate is an out-
standing antioxidant in human blood plasma. Proc
Natl Acad Sci U S A. 1989; 86: 6377- 6381.

9. Shokouhi G, Hadidchi S, Ghorbanihaghjo A, Ra-
hbani-Noubar M, Panahi S, Forouzanfar
Rashtchizadeh N, and Mesgari M. Neuroprotective ef-
fect of Ascorbic acid in experimental blunt sciatic

Current Neurobiology 2014 Volume 5 Issue 1 & 2

11.

12.

16.

19.

MH, 22.

nerve injury in rats. Internet J Nutrition and Whelss.
2004; 1: 1-6.

Chen LE, Seaber AV, Glisson RR, Davies H, Murrel
GAC, Anthony DC and Urbaniak JR. The functional
recovery of peripheral nerves following defined tecu
crush injuries. J Orhopaed. Res. 2005; 10: 657-664.
Teodori RM, Betini J, de Oliveira LS, Sobral LL,
Takeda SYM, and Montebelo MIS. Swimming Exer-
cise in the Acute or Late Phase after Sciatic Nerve
Crush Accelerates Nerve Regeneration. Neural Plas-
ticity.2011; http://dx.doi.org/10.1155/2011/783901
Zhao J, Yu H, Xu Y, Bai Y. Experimental study on
regeneration of sciatic nerve injury with physical
therapy. Zhongguo Xiu Fu Chong Jian Wai Ke Za
Zhi. 2011; 25:107-111.

Tuma Jr. P, Dias MDA, Arrunategui G, Duarte GG,
Wada A, Cunha AS and Ferreira MC. Effect of hy-
perbaric oxygen on the regeneration of experimental
crush injuries of nerves. Rev. Hosp. Clin. Fac. Med
S. Paulo. 1999; 54: 81- 84.

Galloway EB, Jensen RL, Dailey AT, Thompson BG
and Shelton C. Role of topical steroids in reducing
dysfunction after nerve injury. Microsurg. 2009:1
8542 — 8546.

. Capadia GD, Shetty VP, Khambati FA, Ghate SD.

Effect of corticosteroid usage combined with mul-
tidrug therapy on nerve damage assessed using nerve
conduction studies: a prospective cohort study6f 3
untreated multibacillary leprosy patients. J ClisuN
rophysiol. 2010; 27:38-47.

Sozcukler A, Deksametazon, Hasarl S, and Sinir S.
Comparison of the Effects of Local and Systemic
Dexamethasone on the Rat Traumatic Sciatic Nerve
Model. Turkish Neurosurg. 2013; 23: 623-629.

Sulu H, Altun M, Edriva B, Tura H and Sulu N. Com-
parison of the Effects of Local and Systemic Dexa-
methasone on the Rat Traumatic Sciatic Nerve Model.
Turkish Neurosurg. 2013; 23: 623-629.

Braughler JM and Hall ED. Current application of
“high-dose” steroid therapy for CNS injury: A phar-
macological perspective. J Neurosurg. 1985; 62> 806
810.

Sorbie C. High-dose Steroids for Neurotrauma — An-
other Thing to Watch. Orthopedics. 2009; 32:719-
719.

Fargo KN, Alexander TD, Tanzer L, Poletti A, and
Jones KJ. Androgen Regulates Neuritin mRNA Levels

in an In Vivo Model of Steroid-Enhanced Peripheral
Nerve Regeneration. J Neurotrauma. 2008; 25: 561-

566.

Voria |, Hauser J, Axis A, Schenker M, Bichet S,
Kuntzer T and Grenningloh G. Improved sciatic
nerve regeneration by local thyroid hormone treat-
ment in adult rat is accompanied by increased expre
sion of SCG10.Exp. Neurol. 2006; 197: 258-267.
Kosins AM, Scholz T, Mendoza C, Lin P, Shepard
B, Evans GR and Keirstead HS. Improvement of pe-
ripheral nerve regeneration following immunological

15



23.

24.

25.

26.

27.

28.

29.

30.

demyelination in vivo. Plast Reconstr Surg. 2011,
127:1813-9.

Bain JR, Mackinnon SE, Hunter DA. Functional
evaluation of complete sciatic, peroneal, and paste
tibial nerve lesions in the rat. [Internet]. Plastind
reconstructive surgery. 1989; 83:129-38.

Wei LP,He FC,Chen XW, Lu SB, Lanzetta M
and De longh R. Osmic acid staining of myelin sheat
in normal and regenerated peripheral nerves. Chin J
Traumatol. 2007; 10: 86-89.

Galloway EB 3rd, Jensen RL, Dailey AT, Thompson
BG, Shelton C. Role of topical steroids in reducing
dysfunction after nerve injury. Laryngoscope. 2000;
110: 1907-1910.

Khan AA. Wallerian degeneration in the optic nerve
of rabbit. Cells Tissues Organs. 2004; 177: 104-109
Demir R, Yayla M, Akpinar E, Cakir M, Calikoglu
C, Ozel L, Ozdemir G, Mercantepe T. Protective ef-
fects of alpha-lipoic acid on experimental sciatic
nerve crush injury in rats: assessed with functiona
molecular and electromicroscopic analyses. Int U-Ne
rosci. 2014; Apr 9. [Epub ahead of print].

Gordon T, Tyreman N, and Raji MA. The Basis for
Diminished Functional Recovery after Delayed Pe-
ripheral Nerve Repair. J Neurosci.2011; 31:5325-
5334.

Sulaiman W and Gordon T. Neurobiology of Periph-
eral Nerve Injury, Regeneration, and Functional Re-
covery: From Bench Top Research to Bedside Appli-
cation. The Ochsner J. 2013; 13: 100-108.

Jungnickel J, Haase K, Konitzer J, Timmer M, Grothe
C. Faster nerve regeneration after sciatic nerjugyn

in mice over-expressing basic fibroblast growth-fac
tor. J Neurobiol. 2006; 66:940-8.

Correspondence to:

Aijaz Ahmed Khan

Department. of Anatomy,

JN Medical College, Aligarh Muslim University
Aligarh 202002

India

16

Khan/Farugi/Ansari

Current Neurobiology 2014 Volume 5 Issue 1 & 2



