EFFECT OF MORPHINE DEPENDENCY ON BONE REPAIR
PROCESS IN THE CORTICAL BONE OF TIBIA IN RATS
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Abstract- Several environmental factors have been Tound 10 affect the process of bone healing

including malnutrition and smoking. To our knowledge, the effeet of sddiction on bone et process
has not been swudied yet. This study was designed to investigate the effects of morphine dependency on
bone repair process in rats. Fifty six rats were divided into two groups randomly. cach group containing
28 rats. The rats in study group ot morphine by adding morphine powder to their water for 21 dizys.
Then morphine dependency was confirmed by injecting naloxon intra-peritoneally. Both groups -
underwem surgery and a fixed round hole was created in anteromedial aspect of the tibia. Bone biopsy '
was performed on days 3. 6. 10 and 20, on 7 randomly selected rats from cach group and the results of

microscopic study were analyzed by Mann Whitney test, There was statistically significant difference

between the two groups according 1o peutrophilic exudates percentage and granulation tissue formation

on 3™ day (P < 0.003), neutrophilic exudates percentage (72 = 0,01) and immature bone formation on 6™ ;
day (P < 0.003), immature bone formation (£ = 0.001) and mature bone formation (7 < 0.03) on 10"

. ~ . th = . ~
day and mesenchymal tissue formation on 20™ day (P < 0.05). 1t is concluded that the pracess of bone
repair in & hole created in the rat tibia is markedly delayed in morphine-dependent rats.
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INTRODUCTION

Fracture healing is a well timed sequence of
biological events leading to reformation of bone
continuity. The process begins with the formation of
a hematoma and continues through inflammatory
stage, callus formation and finally remodeling stage
{1). There are several well-known wvariables 1hat
influence fracture healing. They can be classified as
injury vartables, patient variables, tissue variables
and treatment variables. Age, nutrilion, systemic
hormonc and nicotine are the most important_patient
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varigbles. Tt las been shown that malnutrition,
cigareite smoking and alcohol consumption impair
fracture repair process (2-3).

Morphine is one of the major alkaloids of opium.
The chronic abuse of opioid drugs may be associated
with accelerated  bone twrnover and  reduced
irabecular bone mass. One explanation of this bone
turnover in heroin addicts may be the influence of
hypopituitary-hypothalamic-gonadal axis (6, 7). The
activity of both exogenous opiates and endogenous
opieids are mediated through specific receptors that
have been classified into three main groups, termed
mu. delta, and kappa (8). Several swtdies have
described the presence of opioid receptors in
osteoblasts (9, 10}, Reduced osteocalein production
by osteoblasts is considered to be a marker of low
osteoblastic activity. Endogenous opioids may be
involved in the reduction of osteocalcin observed in
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stressful situations associated with tissue injury (11),
Serum levels of osteocalein have been reported as
being low in heroin abusers {12),

These studies suggest that opioid dependency
may have an influence on bone repair process. We
decided to study the elfect of morphine dependency
on bone repair Process in rats.

MATERIALS AND METHODS

This study was designed as an experimental
double blind study. Before starting the study the
days for biopsy were assigned in a pilot study.
Surgery was performed on 10 healthy muale rats
weighing 250-300 g,

Rats were anesthetized with ether. A longitudinal
2 cm skin incision was made through skin and fascia
of the muscles at the jevel of tibia on its proximal
and medial surface, about 10 -13 mm distal o the
knee joinl. A hele was then pierced in the corlicad
bone of tibia in the center of its medial aspect about
10 mm distal 1o the knee joint (diaphyseal region)
using a 1.5 mm drifl bit. The hole was made in such
a manner as 1o penctrate the cortical bone and
damage the trabeculae in the medullary canal
underncath  the hole but not to damage the
contralateral cortical bone. Care was taken not 1o
injure periosteum in the vicinity of the hole. In the
above model there is spontancous partial healing of
the gap injury (probably duc to its low diameter
relative 1o the tibia width) at about three weeks afier
injury and a complete healing at a longer interval.

Biopsy was performed on several days in
different rats and finally days 3, 6, 10 and 20 which
were concordant with main pathologic changes and
were determined as the appropriate intervals for
collecting the newly formed tissue in the hole-injury.

A total of 36 rats were randomly divided into 2
groups and kept in the same environment. One group
became dependent by giving a gradually increasing
oral dosage of morphine as below. The initial dosage
of 0.1 mg/ml in water was given in the first day.
Additional doses of 0.2, 0.3 and 0.4 mg/ml] were also
given every 48 howrs up to a maximum of 0.4 mg/ml
which were continued to day 21 in the same period.
given water. At the end

=

The controd group rats were
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of third weck 10 percent of the population in cach
group (3 rats from each group) was randomty chosen
and 2 mg/ke naloxon was injected. The rals were
observed for 20 minutes in a glass container for
withdrawal symptoms and the results recorded.
Withdrawal symptoms  in addicied  rals  were
jumping. head tremor, diarrhea, irritability, claw
wremor, evelid drop, body’s stretching and shivering,
Rats were supposed to be dependent if’ four signs or
more were present (13, B Alter confirming
dependency 1o drug. surgery was performed in all
rils,

On days 3. 6. 10 and 20 the newly formed tissue
in the hole-injury was collected after 7 rats were
scarified with an overdose of chloroform in cach
group. The specimens were held in formalin selution
10% for pathologic studics.

The resulis were analyzed  for  statistical
difference among the groups using Mann-Whitney
test, The results would be considered significant if

the level of probability was 0.05 or less,

RESULTS

The histological study of the specimens taken at
the 3™ day showed ncutrophilic exudaics in both
control and morphine-dependent rats  (ncutophils
were gathered in a fibrin background derived from
plasma). In the morphine-dependent ras  little
granulation tissue formation (speeial tissue duc to
fibroblast and endothelial cells proliferation) was
observed whereas in the control rats the amount of
granulation lissue formation were significantly (P <
0.03) higher compared with the control (Fig. 1).
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Fig. 1. 3% day. Significantly higher granulation tissue in
control group.




In the study at 6™ day, granulation tssue was

most prominent in specimens, but there was the
presence of immature bone (the {irst bone tissue)
during bone repair was considered as a clue of
progression of fracture repair. We could see that the
tibin  of  morphine-dependent  rats  presented
significantly (72 < 0.005) litde immature bone
formation (Fig, 2).
The study of specimens 1aken on tenth day showed
that there was a significant difference in the amount
of mescnchymal tissue (£ < 0.005), immature bone
(P < 0.001) and mature bene (7 < 0.05) between
study and control groups (Fig. 3).

The onty significant result of the histologic
examination at 20™ day was the difference in amount
of mesenchymal tissue between two groups (P <
0.05). The difference in amount of other tissucs
(cartilage, immature bone and mature bone} were

non-significant {Fig. 4).
DISCUSSION

This animal experiment showed that morphine
dependency has a significant inhibitory influcnce on
fracture healing, The mechanism by which opioids
can affect bone repair process remains  unclcar,
Opiate-Hke activity of both exogenous opiates and
cndogenous opioids is mediated through interaction
with specific cell surface receptors. 1t has been
shown that osteoblast-like MG-63 cells express the
three types of opioid receptors and opiates can
reduce the activity of these cells presented as reduced

osteocalein activity ([1),
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Fig. 2. 6" day. Immature bone {the first bone tixsuc)
formazion was significantly less in specimens of morphine-
dependem rats,
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Fig. 3. Tenth day. High percentage of mature bone in control
group compared with the study group.

Animal studics have shown that mobility, agility
and activity of morphine dependent rats are less than
the control rats. As a result, the exirenmily was
exposed to stress and loading, and facture healing
was not stiimulated (15}, This may cxplain why the
healing process of morphine dependent group is

worse than control group.

Opioids can stimulate HPA axis through activities of

central opioid receptors. The activation of the HPA
clicits the production of ACTH from pituitary that in
turn elicits the release of glucecorticoids that could
eventualiy affeet bone healing process (15). It has
been shown that prolonged systemic administration
of glucocorticoids imipaired fracture healing in the
rabbits,  The mechanism  is  not  clear,  bul
corticosteroid  administration results in decreased
osteoblast wctivity and it also adversely affects the
mctabolism of vitamin D (10).
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Fig. 4. 20% duy. There was no significant dillerence in repaic
tissue of two the groups. Significantly higher mesenchynual
tissue was observed in the control group.
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In addition as we know, glucocorticoids have
strong anti-inflammagory effecet and in the litesature,
an inhibitory effect of NSAIDs on bone generation
has been shown. From clinical experiences, it has
been known for some time that the administration of
NSAIDs has an inhibitory effect on the formation of
heterotopic bone formation {17). 1t has also been
shown in animal experiences that fracture healing s
markedly delayed by the oral administration of
diclofenac (18). The same result has been shown
when indomethacin was used in a study. Fracture
healing under unstable condition 15 characierized by
callus formation and eceurs in different phases. On
the first day alter the fracture an  inflammatory
response predominates. Prostaglandins are supposed
to have an important rele in this phase. The negative
effeet of indomwethacin and diclofenac on bone
healing has been described to their inhibitory effects
on the production of prostaglandins (18). Several
other mechanisms have been deseribed for inhibitory
clfect of NSAIDs on fracture healing. They may
influence bone meibolism via cytokine network,
growth factors, {ree oxygen radicals and lysosomal
enzymes. It has also been proposed that impairment
of fracture healing by them may be caused by their
analgesic effects, but this theory has not supported
by several other studies.

With our results, we were able to show in this
animal experiment involving rats that fracture repair
is markedly delayed in morphine dependent rats.

Opiates are best known for their analgesic effect
and their potential for abuse. Patient’s overall health
condition (malnutrition, smoking and corticosteroid
consumption) should also be considered. Morphine
and opium abuse in our community is notable and
with respect o the higher complications of bone
fractures in this specific group of patient, we decided
to study the ceffect of this drug on the quality and
quantity of bone union.

As described. progression of bone repair was
significantly more rapid in control rais compared 1o
morphine-dependent rats on 3%, 6" and 10" days..
However on 20" dav, it scems thar bone repair
progression was similar m both groups. This can be
desceribed 10 inappropriate late time ol biopsy.
Morcover, it was noted that, there was a significant
difference  n fibrous  tissuc

maure among
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. . b
mesenchymal tissue in control rats on 20"

day. It
scems  that significant  inflammatory  reaction in
contrel groups was sccondary 1o passing nylon
strand from injured area and again this finding was
conlirmed in several other studies. It is obvious that
other studies should be designed 1o confinm the
above results and determine the precise mechanisim

of morphine effects on bone repair process.

REFERENCES

L Emhorn TAL The cell and molecular biology of lraciure
healing. Clin Orthop Relat Res. 1998 Ocyy (355
SuppiiS7-21.

2. Buckwalter JA, Einhorn TAL Marsh IL. Bone and joint

CA.L

Fracwres. Philadeiphia: Lippincou-Raven; 2001, p.

261304,

Dav SM. Deleer DI Reversal of the detrimental

healing. I Rockwood Green D, editors,

[PY]

effects of clronic protein malnutrition on long bone
fracture healing. J Orthop Trawma. 2001 Jan; 15(1):47-

-
J.

A

4 Haevey 120 Agel 10 Selznick HS, Chapman IR, Henley

MB. Deleterious effect of smoking on healing of open

nbia-shalt  fracures. Am 3 Orthop. 20602 Sep:
31(9):318-521.

5, Tonnesen 1, Pedersen AL Jensen MR, Moller A,
Madsen IC. Ankie fractures and alcoholism, The

influence ol alcoholism on moerbidity afier malleolar
fractures. J Bone Joint Surg Br. 1991 May: 73(31311-
|

6. Wilezek H, Stepan 1. {Bone metabolism in individuals

n
‘rd

metliadone
142¢10):606-

dependemt on heroin and  after
administrstion]. Cas Lek Cesk. 2003:
Ol

7. Pedrazzoni M. Vescovi PP Maninend L, Micheling M,
Zaniboni G. Pioli G, Costi D, Allano FS. Passeri M.
Effects of ¢hronie heroin abuse on bone and mineral
metabolism. Acta Endocrinel {Copenh). 1993 Jul;
129¢1):42-45,

8. Rosen M, Bar-Shavit Z. Dual
proenkephalin derived peptides in skeletal tissues.
J Cell Biochem. 1994 Jul: 353(3%:334-339,

9, Rosen H. Bar-Shavit 7.
Functional opioid receptors on skeletal cells, I Bone

Miner Res, 1997:12:5411.

role of osteeblasue

Metzer E, Benzakine S,




10.

Napal ), Amado JA, Riancho JAD Olmos M,
Gonzalez-Macias 1 Stress decreases the serum level of

osteocalein. Bone Miner. 1993 May: 21(2);113-118,

. Perez-Castrillon L., Olmos INM, Gomez L, Bamrallo A,

Riancho JA, Perera L. Valero €0 Amado 1A,
Ganzalez-Macias I, Expression ol opioid receptors m

osteoblast-like MG-63 cells. and effects of difTferem

opieid  agonists  on  alkaline  phosphatase  and
osleocalein secretion by these celis.

Neuroendocrinology. 2600 Sep: 72(3):187-94.

. Rico H. Costales C, Cabranes JA, Gscudero M, Lower

serwm osteecalein levels in pregnant drog users and
their newborns at the time of delivery. Obstet Gynecol.
1990 Jus 75(6):998-1000.

Badawy AA, Evans CM, Evans M. Production of
wlerance and physical dependence in the rat by simiple
administration of morphine in drinking water, Br
Pharmacel. 1982 Mar: 75(3):483-491.

Leung CM, Dai 8§, Oule CW. Rapid induction of
dependence 1o morphine in rats. Newropharmacology.
1986 Mar; 25(3):303-307.

o

16,

&

Acta Medica Tranica, Vol 43, No. 6 (2005)

CZbhou Y, Spangler R, Maggos CE, Wang XM, 1ian IS,

Ho A,

activity and pro-opiomelanocortin mENA levels in the

Kreek  MJ. Hypothalamic-pituitary-adrenal

hypothaiamus and pituitary of the rt are differentially
modulated by acute intermittent morphine with or
without water restriction stress. J Endocrinol. 1999
Nov: 163{2):261-267.

House SD. Mao X, Wu G, Espinelli 1, L1 WX, Chang

SL. Chronic morphine potentiates e inflammatory

response by disrupting interleukin- 1bets modulation of

the hypothalamic-pitnizary-adrenal axis. J

Nevroimmunol. 2001 Aag 30; [18(2):277-285.

. Beek A, Kroischak Go Sorg T, Augar P, TFarker K,

Merkel U, Kinzl L, Claes L. In(luence of diclofenae
(group ol nonsteroidal anti-inflammatory  drugs) on
fraciure heating. Arch Orthop Trauma Surg. 2003 Sep;
123(7):327-332,

Reikeraas O, Engebretsen Lo Effects of ketoralac
romethamine  and  indomethacin on primary  and
secondary bone healing. An experimental study in rats,

Arch Orthop Trauma Surg. 1998; 118(1-2%:50-52.




COMPARISON OF EROSION AND PERIODONTAL INDICES
IN PATIENTS WITH AND WITHOUT GASTROESOPHAGEAL
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Abstract- Gastroesphageal reflux discase (GERD) is a systemic discase with intraoral manifesiations.
The ainy of this study was o compare erosion (Loss of tooth structure due 1o a chemical process without
hacterial cause) and periodontal indices including: caleulus index (Ch. plague index (P1), gingival index
(G, clinical attachment level {CAL) and probing pocket depth (PPI3) in patients with GERD and in
non GERD subjeets that was done in 2002 in Imam Khomeini Hospital. 335 Patients with GERID (1est
group) and 33 subjects without GERD (Control group) were selected randomly for this stady. Statistics]
analysis for comparing differences between the test and Control groups were Performed using chi
square and Fisher exact test, The results showed that the prevalence of erosion was signilicantly higher
in test group (14.3% GLERD. 62.9% non GERD). There wis also a significamt difference in GIL PIL CI
and PP between test and control groups. CAL did not show any significant difTerence between the 1wo
aroups. Also Helicobacter pyloet was significantly higher mtest graup {80% 1est. 34% control group).
According 1o the resulis. communication between dentist and internist leads to diagnosis and control of
GERD. and prevents changes of teeth and periodontal structures. :
Acta Medica Iranica, 43(6) 422-424: 2003 ”"”

Key words: Erosion, periodontal indices. gastrocsophageal refius disease

INTRODUCTION

Bargon and Austin in 1973 in a patient with chronie
vomiting. Reflux and acid mainly affect the paistal
The term “reflux esophagitis™ was first described aspect ol maxillary incisors but repeated retlux can

in 1946 10 cxplain the reflux of irritant luids from lead to ivolvement of other teeth (2). Prevalence of

stomach to esophagus. The tenm gastroesphageal
reflux discase (GERD) used to describe persons with
clinical signs or histopathologic changes duc 1o
repeated course of GERD (1).

Relation between gastrointestinal disorders and
crosion of 1eeth was reported for the first time by

Receved: 7 Feb, 2004, Revised: 21 Nov, 2004, Accepted: 21 Aoy, 2HM

* Corresponding Author:

AL Khorsand, Departnent of Periodontics, Schoal of Denwal, Tehran
University of Muedical Sciences, Tehrun. Trun

Tel: 98 21 06-402040-2211

Fax: +98 21 8ROEH08S

E-maik o shhhin khorsandi vahouo.omm

crosion {loss of tooth structure during a chemical
process without bacterial intervention (3)] has been
reported 1o be from 5 1o 42% in healthy populations
but prevalence of crosion in patients with bulimia is
higher {69%) (4, 3). All of the studics showed
crosion in maxillary anterior teeth. There is not any
report about soft tissue changes related o GERD (6).
Only one study reported significant gingival changes
in paiients with GERD (7). The purpose of the
present study 18 to compare the crosion and
periodontal  indices  between  patients  with  and
without GERD.



MATERIALS AND METHODS

A total of 70 subjects who attended the
Gastroenterology Departiment of Imam  Khomeini
Hospital were included in this study, According 1o
the internist’s diagnosis based on patients™ signs and
symptoms, clinical examination and endoscopy, 33
subjects with GERD (test group) and 35 subjects
without GERD  (control  group) were selected.
Factors such as age, sex, tooth brushing and the
frequency of eating sour foods were matched in test
and control groups.

Exclusion criteria for sciecting subjects in this

study were: pregnancy, systemic discases (epilepsy.,

anemia,  diabetes mellitus,  hepatitis), intake of

aleobol, smeking and using drugs such as antibiotics
and corticosteroids that could interfere with the
condition of pertodontal tissucs. All of subjects were
examined for Helicobacter pylori during endoscopy

and all of the subjects must have had a minimum of

8 teeth in mouth. Presence or absence of crosion and
the plaque mdex [ (PI) (Siiness and loc)], zingival
index [(GI) (Silness and loe}], caleulus index {(C1)
(Ramfjord)], probing pocket depth (PPD)  and
clinical attachment level (CAL) in first molars and
incisors of upper and lower jaw were measured by
mecans of mouth nurror und William™s periedontal
probe (8). In the absence of above mentioned teeth,
neighboring tooth was examined.

Statistical analysis for comparing differences
between the fest and control groups was performed
using Chi square and Fisher's exact test.

RESULTS

In present study prevalence of crosion in iest
group was higher (62.9%) than the control group
(14.39) (Table ). There was a statistically
significant difference in CL P1, GE and PPD between
st and control groups, but CAL showed no
difference between the two groups (Table 2).

Table 1. Prevalence of crosion in test and control sroups®

_Erosion Case Control ~Towal
No 13(37.1) 30837 43 (614}
Yes 22(062.9) 50145 27(38.6)

Tolal 35 (100) 35 (100) 70 (100)

*Signilfeant was abtained from ¥* and Fisher's exact test P = (.000.

(]
tad
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Table 2. Periodontal indices in test and contrel groups

Index Control Test Pyalue
al 0.5067=0.2657  .7485:0.8600 0.000*
Pl (4938207900 0.6380:1.5057 0.000%
(& 0.6427:0.3057  0.853921.1271 0.000*
CAL 03138220514 0.3397:2.1629 (293
PPD 03488219629  0.4745:2.257] G000

Abbreviations: G gingival index: PL plaque index: €1, calenlus

index; CAL, clinical auachment ievel: PPI2, probing pocket depth,
* Significant.

Evaluation of H. pyiori in test and control groups
revealed higher prevalence of this organism i the
stomach of test group (80%) in comparison o
control group {54%} (Table 3).

DISCUSSION

Prevalence of GERD in developed countries is
much more than what had been believed in the past,
I s estimated that near 70% of adults suffer from
GERD every day and more than 30% suffer {rom
GIRD every now and then.

All of the patients do not have any sign but
somelimes crosion may be the first sign of GRED
(9. Palatal aspect of maxillary teeth has been most
severely affected area in all of the swdies (4) but
evaluation of oral mucosa has revealed only non
specific symptoms such as sensitivity of tongue or
other oral mucoesa, burning sensation of mouth and
oral uleers (10).

Only one study reported periodontal findings. In
that  study, calculus  was  greater  in healthy
individuals but the difference was not statissically
significant, The author suggested that lower caleulus
in GRED subjects is related 10 benter oral hygicne in
GRED group due to foul and acidic taste of mouth in
relation 1o reflux (7).

Table 3, Prevatenee of /7. Prlori in lest and control group*

L Prlori Control Test ~ Fotal
No 19 (46) 720y 26(37)
Yes 16 (54) 28 (30} 44 (03)
Total 35100 35(100) 0

*Significant was obtained trom 37 test (2 \‘.‘lillL’--‘(].U()S].




Periodontal indices in patients with GERD

One of the major Nindings of our study is that the

test and control groups were matched for tooth
sex and frequency of taking sour
toods, but P1, €1, GI and PPL} were significantly

higher in test (GRED) group.

brushing. age.
1

CAL showed no significant difference between
test and control groups. Higher prevalence of erosion
in test group is in accordance with previous studies
(1. 4. 6, 8). Another important finding of our study is
higher prevalence of 74 pylori in lest group.
According to possible relation between periodontal
infection and M. pyfori (11) and higher periodontal
indices in our study it is possibie that recurrence ol
reflux to the oral cavity that contains /1. pvlori leads
10 reaction with oral flora and in the presence of
local fuctors such as plaque acts as a predisposing
{actor for periodontal discasc.

To confirm the relationship between GRED and
periodontal changes additional long term  studies
with greater number of subjects need o be
performed to verily the real impact of GRED in the
initiation and development of periodontal changes.
Direct communication between dentist and internist
is very important for diagnosis and treatmenmt of
GERD and periodontal changes.
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