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ABSTRACT 

This study focussed on mineraI homeostasis and vitamin D metabolism in 

,young rats, pair fed a standard diet and subjected to either chronlc phenobar.bital or 

Saline (control group) injections. Caudal vertebrae and "plaques" of induced 

endochondral bone were examined histologically and I;t!stomorphometrically to 

determine whether osteomalacia had been induced. 

Signiflcant mixed function oxidase induction occured, but mean serum 

25-(OH)D concentrations remained unchanged. Mean serum 1,25-(OH)2D concentra­

tions remained within known normal ranses, reflecting an apparently unaltered 

vitam'in D activation pathway. Serurt;l calcium and phosphorus concentrations were 

not consistent with an ost~oma!acic syn&ome. 

Hist61ogical1y, no adverse effec;ts on the endochondral sequence of 'd\vel-

opment were observed in the induced bone. Histomorphometry of the caudal 

vertebrae and the induced bone faHed tq support a diagnosis of osteomalacia. 

'" Altho!Jgh phenobarbital-induced osteomalacia in the human is muJtifac-
. 

torial, this study underscores the importance of a diet repJete in calcium, phospho-

rus and vitamin D in preventing the syndrome.' 
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EFFETS D'UNE ADMINISTRATION CHRONIQUE DU PH!NOBARBITAL 
r 

SUR f:.'HOMéoST ASE PHOSPHOCALCI~E, LE M~TA80LISME DE LA 
- • 1,\ _ 

. VITAMINE D ET LA PORMATION .'D'OS ENCHONDRAL 
o \\ 

• 

, , . ~ 
Le metabolisme de la vitamine D et l'homeostase phosphOC'rcique furent 

étudiés chei de jeunes rats recevant une diète normale et soumis à des injections à 
r 

long ter~e soit de phénobarbital, soit de solution saline physiologique (gro.upe 

contrôle). Des coupes histologiques de vertèbres caudales et de "plaques" d'ossifi­

cation induite selon la séquence endochondrale furent examinées et analysées par des 

méthodes histomorphométriques, afin de dét~rminer si des lésions ostéomalaciques 
... ~ -" ~ 1 

. avaient été induites. . 
Quoiqu'une induction significative des mixtes a été 

induite par le traitement, on n'a pas observé con~ntrations 

'" sériques moyennes de la 25-(OH)D. Les taux sériques moyens de la"1,25-(OH)2D se 

situaient dans l'éventail des valeurs normales chez le rat, indiquant que l'activation 

de la vitamine 0 n'a apparemment pas été affectée. Les concentrations sériques de . / 

calcium et phosphore ne concordaient pas avec un syndrome d'ostéomalacie. 

Au point de vue histologique, aucun effet nocif sur la séquenc~ du 

développement enchondral de l'os ne fut observé dans l'os il1duit. La morphométrie 
0, 

osseuse des vertèbres caudales et de l'os induit démontrait l'absence d'ostéomalacie. 

Quoique chez l'homme l'étiologie de l'ostéomalacie induite par le phénobar­

bital demeure énigmatique, cette étude démontre que l'appariti0!l_ de ce syndrome 

peut, être prévenue par un apport alimentaire adéquat en calcium, phosphore et 

vitamine D. 
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ORIGINAL CONTRIBUTION ~ 

Young male rats pair fed a standard diet replete on calcium, phosphorus 

and vitamin D were subjected to either long term phenobarbital. or salin-e 

(sham) injections. 

f Mean serum 25-{OH)D concentrations did not differ significantly, 

inçicating ân adequate and an unaffeéted vitamin D pool. S~rum 1,25-{OH)2D 
& 

remained within ~ccepted normal ranges, thus refJectin&,' an apparently 

unaltere~ vitamin 0 activation
U 

pathwaY.G 

Sequential serum ca~cium and phosphorus determinations did not r'eveaJ 

l ' 'h ~, l' d va ues consistent wlt an osteoma aCle SY9 rome. 

In vertebral metaphyseal bone and in "plaques" of induced endochondral 
" 

bone, hîstological and histomorphometric proof of an osteomalacic process 

was lacking. 

In the context of chronic phenobarbital treatment of epHeptic patients; 

this study suggests that the vitamin D a~tivation process is not adversely 

affected and that osteomaJacia does not develop, provided that an adequate 

dietary content in c;alcium, pho~phorus and vitamin D is ensured. 
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INTRODUCTION 

o 

SKELETAL EMBRYOLOGY AND GROWTH 

Endochondral and intramembranous bone fOrmation are two differeflt 

processes mediating prenatal ~d postnatal ~letal growth. Fètai skeletal growth is 

inltiated by the 'endochondral process in which mesenchymal cells aggregate and' , , 

differentiate to form cartilage models of the fetal bones. These are subsequently 
. 

invaded by capillary tufts in the diaphyseal region forming the primary center of 

_ossification, and ir.l the epiphyseal regions at, the secondary ossification centers. 
....;:, 

Immediately following, th~se cartilag~ anlages are mineralized, and then resorbed, 

ând finally gradually replaced by bone tissue. 

Longitudinal growth of the skeleton, particuJarly that of the long bones 

a,ls~ occurs by an endochondral process: cartilage cells 'of the epiphyseal growth 
, 1 

plates situated at the metaphyseal-epiphyseal junctions produce calcified cartila .. 

genous bars which advance in the metaphyseal zones to be partially eroded by 

chondroclasts and rep!àced by young "woven" bone laid down by osteobJasts. This 

primary bone structure or ''primary'' spongiosa is then removed by osteoclasts and . . 
replaced by JameUar bone ("secondary spongiosa"). 

Lat'faldinal bone growth in the diaphyseal zone occurs by intramembranous 

bone formation, whereby bone matrix produced by cells directly beneath the 

osteogenic periosteal envelope becomes mineralized to yield woven bone, which J 

gradually is incorporated into a cortical lamellar pattern (Ogden, 19~O). Thus~ in' , 
this process, bone is formed without an intervening cartilage stage, which is an 

integral part of the endochondral process of bone formation. 

Diametric expansion of the physeal plate oceurs by iOterstitial expansion 

'and céll division within the physis, and a1so by means of endochondral ossification of 
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. cells produced by the ossification groove of Ranvier. Enlargement of the fUMel-like 

shape of the metaphyseal ~ takes place by in~ramembranous ossification, 

and is a function of the groove of Ranvièr (Shapiro et al., 1977). , 

. , 

SKELEI AL MODELING AND REMODELING 

Skeletal growth during chHdhood and _ adolescènce and bone structural 

integrity during' adu~thood are maintained by means of two different activities. . 

Bone modeling refers to processes by which bone enlarges and changes its shape 
, .P ~ 

. throughout the growth per!od' to finaUy assume adult proportions; if therefore 

alludes to growth in length (mediated exdusively by endochondral bone fprmation) 

and in width (produced by intramembranous and endochondral processes). Bone" 

remodeling relâtes to the intrinsic cellular activities occuring during childhood"on 

adult life whereby bone tissue is removed by osteoclasts and replaced by osteoblasts 

iJ;'l the same location" 50 as to main tain the structural as weIl as the physiological 

properties at the bone organ level (Frost, 1973; 1979). ·This cy_de of events 

comprises a balanced or Jlcoupled" process of bone resorption by osteoclasts followed 

by bone formation by osteoblasts, and is mediated by specialized groups of c~lls 

known as Basic MulticelluJar Units (BMU) (Frost, 1973) acting on the ~rée 

functional bone tissue envelopes, namely the haver sian, the periosteal and the 

endosteal envelopes. BMUs ultimateiy'modify the biomechanical properties of the 

adult skeleton; they furthermore partic'ipate directIy in sorne 'of the metabolic' 

functions pf the skeleton as an ion reservoir' of calcium, phosphorus, magnesium, 

sodium and carbonate. 

CONTROL OF SKELET AL MODELING AND REMODELING 
) 

The mèchanis~s, whereby modeling' and remodeling are controlled are 

poorly unçerstood, but indude genetic factors influencing cellular rnetabolic: func-
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tions, ,'cellular development and cellular interactions; external and internaI stimuli 

such a~hysical stress, weight bearing and piezoelectric properties of bone crystals; 
• 1 

and also hormonal control. The hormones modulating these activities can be 
d • 

classified as 'systemic hormones and calcium-regulating hormones (Harrison and 

Harrison, 1979). The systemic hormones affecting cartiJa,ge and bone growth are the 

same ones affecting aH cell proliferation and growth: growth hormone-mediated - , 

somatomedin; the ,tyroid hormon~s; the adrenal androgens; insulinj and, during the 

pubertal growth spurt, the estrogen and androgen of gonadql origine Parathyroid 

hormone (PTH) and vitamin D (vit D) are the two principal caJciotropic hormones 

which' influence, directly or indirectly bone modeling and remodeling, probably 

through changes effected in the' synthetic attivities of either the osteobJast 

(Meunier, 1979), the osteocyte 'or the osteoc1ast. 

D~UG-INDUCED MET ABOLIC BONE DISEASES 

f , 

A, variefY' of disea~ states, metabo~c stimuli and externat agents can 

affect modeling to the extent of causing major aberrations of skeletal growth. 

Sîmilarly, these factors can influence or disrupt bone remodeling by producing a 

disequilibrium between the normally coupled events of osteoclastic bone resorption 

and osteoblastic bone fo;mation; If the disease is protracted or the offending agent 

stl'ong enough, the resuJting changes pr6duced at the cellular and tissue l~v~l will be 

manifested clinica1Jy by symptoms and signs charactermic of one of, the d~fferent 
1 • 

types of metabolic bone diseases o-f ad~lescence or of adulthood. 
~ - , 

The research carried out in the past on 'the mechanism~of osteopenia 

induced by e?,ogenous glucocorticoids stimulated inter,est in the study of other 

metabolic bone diseases possibly related to ,chronic drug intake. The importance of 
, 

accurately defining and understanding thése disorders stemmed from the widespread 

use of the se drugs and by their r-ecognized essential role in controlling many disease 

states. 
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~n'long these, drugs commonly used in clinical medical practice, anticon-, 
" 

vulsant medication has been found to ~ ~usceptjble of cau~nl? a syndrome characte­

rized by bone pain, fa~igue, biochemical and occasionaUy histological evidence 

suggestive of an osteomalacic process. 

" ANTICONVULSANT -INDUCED OSTEOMI\LACIA 

Current anticonvulsant medication effectively controJs most seizure disor-

ders despite the fact that epilepsy occurs in association with a variety of metabolic 

conditions or as a result of different types of organic lesions of the central nervous 

system. 
," 

Among the many types of anticonvulsant agents now in use, over the years 

and up until now phenobarbital and diphenylhydantoin employed singly or in 

combination have constituted the mainstay of medical control of most seizure 

disorders. " 
, " 

With the ,.widespread use of these two different agents, side effects were 

rapidly recognized,and have béen amply described. However, it was not until 1967 
\ -

and 1968 that reports first appeared on the "latent" si de effects of either of these 

two medications on bone and mineraI metabolism (Sçhmid, 1967; J(ruse et al., 1968). 

,These reports and ~ubsequent ones (Genel et al., 1972; Matsuo et al., 1972; 
-

Borgstedt et al., 1972; Teotia and Teotia, 1973) called attention to the frequent 

association of symptoms and signs of osteomalacia in patients receiving these drugs; 

the term "anticonvulsant induced osteomalacia" was thus coined. 

While symptoms were not frequent manifestations of the synqrome, they 

inc1uded fatigue, and in rare cases pain rel~ted ta pseudofractures.· Biochemical 

parameters which were altered in many cases included hypocalcemia, elevated 

alkaiine ,phosphatase, and elevated immunoreactive parathyroid hormone (iPTH) 

c01lcentrations (Bouillon et al., 1975; Kruse et al., \1980). Histologial confirmation, 

1-
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obtained only in a few cases, sho'\.ed increased amounts of unmineralized osteoid. 

Radiologieally, the bones of so~e patients appeared osteopenie. 

Though the earliest descriptions of antieonvulsant associated osteomalacia 

were contained in reports from Europe (a continent where mild vitam in D deficiency 

is not uncommon) (Riehens and Rowe, 1970; Dent et al., 1970; Christiansen et al., 

1972; Sotaniemi et al.) 972; Murchison et al., 1975; r;>sekilde et al., 1977) and 

though they dealt with epilepties living in Northern European communities (and thus 
1:< 

patients likely to receive less sunlight because of geographic reasons), subsequently 
, ' 

the same findings were discovered in patients under phenobarbital or diphenyl-

hydantoin treatment living in North Ameriea. In addition, even though the condition 

was initially shown to affect predominantly institutionalized epileptic patients 

receiving long term anticonvulsants (Riehens and Rowe, 1970; Hunter, 1971), later 
, 

all epileptic in-patients or out-patients of any age group were found to be at risk of 
, , 

developing the condition (Hahn et al., 1972b; Lifshitz and Mac1aren, ~ 973). 

However, the c1inieal spectrum of the syndrome of antieonvulsant-associated 

osteomalacia was soon dîscovered to be extremely broad: 

For example, the reported incidence of hypoca1cemia ranged from 496 to 

70% depending on the population studied and the sensitivity of the tec~nique 

employed; on the other harld, the mean reduction in serum calcium relative to 

matched controls averaged qetween 0.3 and 0.8 mg/dl, with the incidence of frank 

hypocalcemia varying from 4 to 30 per cent. Significant elevations in seru,m 

alkaline phosphatase levels occured in 24 to 40 per cent of cases with increa~s in 

both liver (4496) and bone fractions (5596) (Hahn ~t al., 1972b). Serum phosphate 

levels were occasional1y reduced but most often remained in the normal range. 

The radiographie evidence of osteopenia in this syndrome has remained 

·controversial. Kruse et al. (I968) estimated a 15% incidence of radiologie bone , 

disease in a German juvenile epileptic outpatient population. A 22% rate of serious 
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bone~ disease det~,~routine radiograp'hie technics was reported by Lif~hitz et 

al. (I973) in one large group of institutionaJized chiJdren on chronic anticonvulsanet 

drug regimens; in this population, it was pointed out that bone loss occured primarily 

in the non-ambulatory patients confined indoors. On the other hand, an opposing 

view was presented in an American study (Livingston et al., 1973) in which no X-ray 

changes were found on reviewing skuJl films of 15,000 outpatient juvenile epileptics 
. 

seen oyer a ~6 year period. Moreover, Lussier-Lazaroff et'al. (1971) showed that 

roentgen examination of 37 children who had received anticonvulsant medieations 

for an average duration of more than four years faiJed to demonstrate any evidence 

of riekets. Photon absorption bone-mass measurements (which have an error of 496 

approximatelYi Hahn et al., 1974) have in fact documented more accurately than 

X-rays the signifieantly reduced. bone mass in anticonvulsant-treated epileptics 

compar~d to age-matched con~rols (Lifshitz and MacLaren, 1973; Christiansen et 

al., 1973; Jiahn et al., 1975b; Dymling et al., 1979; Christiansen et al., 1981). 

In contrast to the numerous reports detailing the biochemical changes 

related to anti-epiJeptic treatment, only a few descriptions pertain!ng to the 

histo-morphological changes have been published. Experimentalanimal models were 

developed ta study this effect, but the data has been difficl!lt to extrapolate to 

humans partly because of the "inappropriate" protocols in which osteomalacia and 

riekets were pr'oduced only after massive doses of drugs had been administered. ta 

animaIs often maintained on rachitogenie diets (Harris et al., 1978; Villaraele et al., 
1 

1978). Clinieal histologieal data whieh has been sparse, was obtained from reviews 

of patients receiving principaJly diphenylhydantoin, alone or in combina'tion witht 

other anticonv4lspnts. One of these studies simply described excessive osteoid and 

increased osteoc1astic activity (Dent et al., 1970); others have reported more 
1 

information in terms of "statie" histological measurements of increased o~teoid 

seam thiekness, diminished calcification front, and aIse increased trabecular osteo­, 
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c1astic resorption surfaces with increased mean volume ~f pet.iosteocytic lacunae 

suggesting secondary hyperparathyroidism (Melsen and Mosekild:e, 1976; JohneU et 

al., 1979;' Êastwood et al., 1980). Recently, Melsen and MO,sekilde (1980) have, 

presented data revealing normal mineralization lag times in bone biopsies obtained 

from 20 epileptics receiving diphenylhydantoin alone or in combination with other 

antict:mvulsants for at least 10 years. 

RISK FACTORS PREDISPOSING TO IMCREASEO SEVERITY OF ANTICON­

VULSANT -INDUCEO" OSTEOMALACIA -

Over the year5, careful epidemiological assessments of the different series 

from various parts of the world helped to identify a number of ris!< factors shared by , 

most of the affected epileptics. A few of the se variables were subsequently shown 

to correJate weIl with the p~oduction of either biochemical or radioIogicaJ charac-

teristics of the syndrome, whereas many other observed features were found to be , 

simply associated with, or possibly predisposing to the development of the syndrome. 

Multiple anticonvulsant drug regimens and the total daily· dose of the drug 

received were identified as factors likely to produce more severe derangements of 

mineraI metabolism in 'epileptics (Richens and Rowe, 1970; Hahn et al.; 1972bj Hahn 
, 

et al., 1975b). ,AdditionaUy, the incidence of these abnormalities was noted to 

increase with the duration of therapy (Lifshitz and Maclaren, 1973; Rodbro, . 
Christiansen ~nd Lund, 1~74; Tplman et al., 1975; Bouillon et al., 1975). It was also 

suggested that the var"ious types of anticonvulsant drugs differed widely in their 

ability to produce disordered mineraI metabolism (Richens and Rowe, 1970), but this 

has not yet been specificaJ1y confirmed. \ 
It i5 acknowledge that reduced dietary content in vitamin O2 or ,D3 and 

reduced sunlight exposure resulting in decreased skin synthesis of vitamin D3 lead to 

a state of absolute or 'relative hypovitamino5is D; it has been argued that, in 
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pltients receiving 'anticonvulsants for prolo~ged periods, these factors compounàed 

the chances of developing the biochemical picture of rickets or osteomaJacia. These 

two risk factors were 'found to be critical1y important in anticonvulsant-treated 

institutionalized epiJeptics receiving limited sunlight exposure, or in patients living 

in temperate 'c1imates, where a seasonal effect on 25-(OH)D levels was clearly 

demonstrated, with lower levels prevailing during winter months (Had~ad and Hahn, 
. . 

1973). Furthermore, the variations trom country to country in the trequency of 

anticonvulsant-induced rickets or osteomalacia probably stemmed from the varia-

tions in vitamin D intake and amount of SUf1ligryt exposure. 

Another related parameter studied in these patients was physical activity 

as it relates to bone mass. In adults, physical stress is the most potent knQwn 

stimulus for bone formation; and its effect is thought to be mediated by induction of 

piezoelectric forces in bone, resulting in increased osteoblastic activity. Indeed, ln 

many patients with seizure disorders, oste,openia has been documented repeatedly by 

means of' radiography and of photon absorption densitometry. Decreased ~hysical 

activity resulting from sedative effetts o,f anticonvulsant drugs and/or the physical 

limitations imposed by associated neurological disorders probably accounted for the 

,major portion of the osteopenia (Murchison et al., 1975). In fact, a significant 

positive correlation between bone mineraI content and muscle strength was noted by 

Dymling et al. (1979) in controls and in epileptics maintained on combinat ion 

anti-epiJeptic drugs. 

Interactions between nutrition'~ factors and vitamin D biotr..ansformation 

have also been postulated in the context of anticonvulsant-induced alterations in 

vitamin D, metabolism. Alvares et al. (I976) have demonstrated in man the marked 

influences of dietary carbohydrate and protein ratios on the hepatic microsomal 

mixed function olCidase system. Thus, since it is acknowledged that many institu­

tionalized epileptics do, not receive balanced nutritious diets, it is conceivable that 
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the type of nutrition that certain epileptics receive may have an influence on their 

"' •• 1.,.J. r 

, vitam in Q""'metabolism. 
l • 

Finally, many drugs such as tranquilizers, oral hypoglycemic agents, etc. 1 

induce hepatic microsomal enzyme activity (Conney et al., 1967) which in turn may 

affect vitamin 0 metabolism (see below).· Thus, in epile)'tics, the potential ,for 

drug-induced modifications' of vitamin 0 metabolism in a wide range of -clinicat. 

situations is apparent. 

" PATHOGENE~IS OF ANTICONVULSANT -INOUCEO OSTEOMALACIA 

With the advent of sensitive diagnostic laboratory techniques, attempts 

were made to shed light on the mechanisms of the drug-i . .nduced hypoca1cemia in 

epileptic patients receiving anticonvulsants. The interest was thus concentrated in 

two main areas: altered vitamin 0 metabolism and intestinal calcium malëibsorption. 

These investigations yielded data which eventually permitted other related research 

pertaining to the anticonvulsant-induced modifications of bone and mineraI homeos-:­

tatic mechanisms. The most important scientific research carried out in this 

domain wlIl be highlighted next, 'following an overview of current, knowledge on 

vitamin 0 metabolism. 

1- AL TERED VITAMIN D MET A BOLISM 

Vitamin 0 refers to a group of steroids having important effects on bone 

',and mineraI homeostasis. In humans, the two important ones are v~tamin O2 (D2) 
, . 
and 'vltamin h)' (03), D2 1s formed by the irradiation, of the plant sterol er~osterol. 

D3 is produced in the skin from the conversion of 7-dehydrocholesterol to pre-vita­

min 0 3 under the influ~nce of ultraviolet light, followed by thermal conversion of 
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Diagrammati<r representation of vitamin D metabolism in man. 
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previtamin D3 to vitamin D), Although in sunny c1imates most of the vitamin D 
, 

requirements can be obtained from skin synthesis, in temperate c1imates vitamin D 

must be added to the diet t~ compensate for limited D) skin synthesis, In view of 
J 

the fact that vitamin q is soluble in fat, the absorption of vitamin D is affected by 

factors which influence fat absorption, Once absèrbed, large amounts of vitam in D 

are s.tored in muscle and fat, whiIe the rest is circulated te- the liver where it is 

hydroxylated predominantly in the mitochondria, and also in the microsomes by , 

calciferol-25-hydroxylase to yield 25-hydroxyvitamin D 

'(Bhattacharyya et al., 1974-a; Bjorkhem et al., 1978), Although the molecular 

cOl1)ponents of this reaction are not completely understood, it appears that 

calciferol-25-hydroxylase behaves as a mixed function oxidase en,zyme (Madhok et 

al., 1978) and that the involvement of cytochrome P-450 in this reaction, once , ( 

considered doubtful, now appears more certain (Bhattacharyya et al., 1974b). 

25~OHD is the most abundant circulating, form of vitam in D, and its serum 

concentration (normal range: 25 to 35 ng/ml) is thought to reflect the vitamin D 

status of an individual, Due to the dual source of vitamin D in humans, the serum 

concentration of 25-O,HD is under the influence of both dietary vitamin D and also 

the amount of sunlight exposure. After transport to tpe kidney, it is hydroxylated a 

second time by an enzyme located in the mitochondrial fraction of renal cortical 

cells to yield either 1,25-(OH)2D or 24,25-(~H)2D. 

It has become widely accepted that 1,25-(OH)2D is the most biologically, 

active form of the vitam in, and that it behaves as a steroid hormone. In particular, 

a cytoplasmic receptor has ,been shown to play a role in t~e uptâke of t'le free 

hormone; the resulting steroid-recept6r complex moves to the nU,deus, where i~ 

.binds to the chromatin (Norman, 1974-; DeLuca et al., 1976). Normal serum 
l ' 

concentration values of 1,25-(OH)2D range from 30 to 55 pg/ml" ~yperpatathyroi ... 

dism, hypoca1cemia and hypophosphatemia tend to increase' ~rum 1,~5-'OH)2D 

values. 
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1,25 .::.(OH)2D is considered, at present, the most important vitamin D 

metabolite regulating bone and' minerai metabolistn (DeLuca, 1978). It promotes the .. 
absorption of calcium and phosphorus from the gastrointestinal tract, acts synergis-

, 1 

tically with parathyroid hormone in the mobilization of ca1ciulT) from bone, and 

stimula tes the transfer of phosphate from, bone and soft tissue· into extracellular 
1 

fluide Many studies have tried to implicate it as an agent exerting direct effects on 
j ~ -

skeletal growth and on cartilage and bone m'ineralization. However, the evidence in 
, . 

support of this view is lacking. An indirect effect can be surmised by its ability to 

promote the availability of calcium and phosphate. The possibility of other vitamin 

D metabolites 'inc1uding rnetabolites of 1,25-(OH)2D having vitamin D activity has 

not yet been .eliminated (Schnoes et al., 1980). 

The 24,25-(OH)2D metabo1it~ has been considered, "an inactive form of 

vitamin D. However, many investi.gators suspect that it exerts an' effect on 

cartilage and bone rninerallzation (Ornoy et al., 1978; Bordier et al., 1978). Sorne of 

the observations obtained from current studies on this matter inc1ude increased 
, , 

intestjnai ab,sorption of 'calcium in man (Kanis'" et al., 1978; Brickman, 1979), healing 

of fracture caHus in chicks (Dekel et al., 1979), and healing of rachitic les ions in 

chicks (Ornoy et al., 1979). Interestingiy, proouction of 24,25-(OH)2D rnay be 
, --.;;;. 

stimulated by 1 ,25-(OH)2D (Tay~rj 1979}~ Nevertheless, the regulation of 

24,25-(?H)2D in man remains poorly understood. 

ab ove. 

~ Figure 1 are shown the'1nc~aI vitarnin D metabolites mentioned 

It is important ta point out that other metabolites, produced in smaller -concentrations, do exist, but their effects on bone and mineraI metabolism have yet 

o te be deterrnined. 
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Almost aU anticonvulsants are capable of increasing biliary flo:-" (Roberts 
\> 

and Plaa, 1966), and of induclng cytochrome P-450 dependent hepatic microsomal 

oomixed function oxidase activity (Conney et al., 1967). These enzymes as a group are 
. ' 

known to be involved in degradative or anabolic reactions of many hormones and of 

many drugs (Conney et al., 1967~. An increased activity of these enzymes ,results in 

accelerated biotransformation of drugs in viV9 with an i1"creased production of 
o ~ , " • ' 

polar, hydroxylated and biologically inactive cOrT;lpounds which are eliminated in the 

r bil~ and urine (Conney et al., ·1967). This phenomenon of hepatic microsomal 
fi 

enzyme induction by drugs resulting in significantly reduced duration anp intensity 

of the activity of:
1 

drugs or hormones, has been particularly weIl documented in the 
o 

case of exogenous estrogen, progesterone or co~ticosteroids admlnistered concur-

rently with hepatic microsomal indtlcing agents such as phenobarbital and diphenyl-

hydantoin (Lev in et al., 1967; Jubiz et al., 1970). 

Hi) Effects of anticonvulsant medication on vitamin D metabolism --- - - - - - - - - - - - - - - - - -.,. - - - - - - - - - - - - -
\ 

A, lower clrculating lev?l 0' the 25-(OH)D metabolite was the first 

observed alteration -in vitamin D met~o1ism in, epileptics receiving long term 

anticonvulsant therapy (H.ahn et al., 1972b). • The poss~ble mechanisms invoked 

. included anticonvulsant-related malabsorption of vitamin D, drug-altered vitam in D~ 

metabolism and catabolism,o accelerated excretion and/or tissue disposaI of the 

metabolites, or different combinations of these mechanisms. 
; 

,.- In the rat, possible inhibition of vit~min D absorption by chronic pheno­

barbital intake was ruled out by Schaefer et al. (1972) and 'later by Hahn et al. 
o~ 

(1975a) wh en the y ciTmonstrated normal "( 14C ) cholecalclferol absorptjpn and 

nor~al 3H vitamin D3 absorption. fhronic diphenylhydantoin use was also shown in 

another study (Hahn and Halstead, 197~) not to interfere with vita. D absorption • 
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. In man~ Matheson et al. ~1976) demonStrated -that 3H-vi~min DJ absorptiolf was 

imaffected by either ~hropic phenobarbital or chronic diphenylhydantoÎl1 therapy. 

The bulk of the investigative work dealing with lowered 25-(OH)2D levels 

il? epileptics receiving long term anticonvulsants focussed on altered vi1;amin 0 

metabolism and excretion. Hahn' et al. (I972b) reported that the serum values of 

25-(OH)D in adult epileptic outpatients receiving combirleJ phenobarbital and 

dipheny1hydan~oin therapy were significantly decreased in 33% of patients compared 

to untreated contrais, with the lowest values seen in patients with lowest vitam in D 

intake and least exposure to sunlight; however in a group of 13 patients receiving 

elther chronic phenobarbital or diphenylhyd,antoin therapy, similar but less marked 
o 

changes were seen. In a \study comparing ,the effects of a three week course o"f 

vitam,in 0 (2000 IU/day) on serum 25-0HD leveis in a group of institutionalized 
<';' 

epileptics receiving anticonvulsants- and aIso in a control group of institutionalized 

psychiatrie patients not receiving anticonvulsaJlts, BOuillon ~t al. (1975) found a 

significantJy smaller rise in serum 25-0HD in the epilepties maintàined on anticon­

vuIsants. The explanatlon put forth was that thoogh the non-epileptic cohabitant 

contraIs appeared to have subcllnical nutritionai hypovitaminosis 0 due to limited 

sunlight exposure and be~use of dietal-y reasons, that the antic0!lvulsant-treated 

epileptics living in the same conditions developed low serum 25-0HD levels because 

of the additive influence of anticonvulsant increased vitam in D degradation. 
~ ~ 0 

1ft 'work carried out by Gascon-Barré (1978), the rat's ability to dispose of 
~ 0 ' 

pharmacological doses 01 vitamin 03 was investigated with special interest on the 
" , 

infJu~ce of pretreatr.nent of the anir:nal with e'ither phenobarbital (50 mg/kg) aIone, 
" hl, \ . 

o or iri ttombination with diphenylhydantoin (I '+ mg/kg). It was\ shown that the treated 
" -

"rats exhibited an accelerated disposaI of the excessive amounts of vitamin ° as 

measured by lower serum levels of 25-(OH)D, and aiso by the significantly increased 

rnedian lethaJ dose (LD50) of vltamin 03 as weIl as the median time to effect (Lt50). , 
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Hahn et al. (l972a, 1973) and Silver et al.'(1974) proposed a mechanism of 

accelerated disappearance of vitamin D in rats and in humans by an anticon-

vulsant-induced increase in hepatic production of more po~r and hydroxylated 

inactive vitamin 0 metabolites. However, one must point out the small group of 

patients studied in the first report, along with the in vitro nature of the results 

obtained from the animal models used in aU these studies. Furthermore, in the light . 
of the more pre,:ise current techniques of isolating and identifying the main vitamin 

p metabolites (see below), one must also object to the mterpretation given to the 

results of thése three reports, as the peak V metabolite isolated with the techniques 

available at that time contained a11 the dihydroxylated vitam in D compounds, 

including 1,25-(OH)2D and 24,25-(OH)2D; thus, according to tOOay's improved 

methods of assa}ting vitam in D metabolites, the significance of these results is 

~nclear. Finally, as these expèriments have not since been repeated elsewhere using 

current technology, it is difficult at the present time to unequivocably accept this 

premise. 

Increased choleresis in rats and pigs receiving short term phenobarbital was 

demonstrated by Silver et ~L (I974) and Gascon-Barré et al. (1977). Although this 
~ 

might indicate another mechanism of accelerated disposa! of vitamin D metabolltes 

in animais receiving phenobarbital, it is nevertheless difficu!t to extr~late these, 

resu!ts to the human as there exists no data confirming or denying that biliary 

physiology in the rat and in humans is identical (Hol1ander, 1981). 
, 1 

Howev.er, while many studies generated information on the effects of 
'" 

chronic antîconvulsant use on vltamin D metabolism, investigations on the effects of 

short ter,m anticonvulsant tberapy on vitamifi D metabolism aIso ylelded interesting 

results. Hahn et aL (I972b) noted no 'change in serum 25-(OH)D levels in epileptic 

adults who had received for 'iess than six weeks either phenobarbital or diphenyl­

" 14 hydantoin, alone or in combination. Following ( C) cholec;alciferol administration 
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to rats and pigs which had received brief courses, of phenobarbitone, Silver et al. 

(1974) noted an enhanced appearance of the 25-(OH)0 metabolite.-- After giving 5 

days of phenobarbital treatment (75 mg/kg) to rats, Hahn et al. {! 975a) demons­

'fated an early acceleration of hepaHè conversion of JH vitamin 0J to 

3~OJ' Similar results were also obtained by Matheson et al. (1976) and 
, " 

Norman et al. (1976). Also, Gascon-Barré et al. (1981 j in press) demonstrated in 

rats given phenobarbital (50 mg/kg) that the typical plasma 25-{OH)D3 responSe 

duf;ir:lg the first 48 hours following a sÎtlgle intraportal injection o't DJ proceeded in 
, . 

two distinct phases with an initial transient phase occuring at 24 hours and 

characterized by a m~r~~ increase in plasma 25-(OH)D3, foUowed by a second 

phase typified byan accelerated ~arance oi 25-(OH)D3 in the plasma. Hence, 

it would appear that the acute effects Of anticonvulsant medication on vitamin D 

metabolism are reflected by an"enhanced anab~lism of 25-{OH)D, but that the long 

term effects are an accelerated catabolism and biotransformation into other 

apparently inactive metabolites., 
,.. 

The ~ork of Jubiz et al. (1977) shed more light on the matter by 
't-

demonstrating (in many epileptic patients receiving anticonvulsants) normal or 

'" 
slightly elevated levels of ,l,25,-(OH)2D despite lowered serum 25-(OH)D levels •. 

They conclud~d that though an anticonvulsant-induc:ed catabofism of 25-(OH)D to . . . 
inactive metabolites existed in these patients, that sufficient quantities of 

" 25-(OH)D were' still available to permit biosynthesis of ad~uat~ quantities of 

1,25-(OH)2D. They also speculated that since no deficiency in the activated 

metabolite ol vitamin 0 existed in this sy~ome, that either< there w"ère no 

aQnormalities of vitamin D metabolism of pathogenetic signifiéance, ~r, that 

depressed serum levels of 25-(OH)D_possibly contribut~ to the development of the 

skeletal abnormalities of anticonvu1sant-induc~ osteomalacia. This time'\y work 

thus indirectly suggested possible active involvement of the 25-(OH)D metaboJite in 
.. 
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"1 

bone and mineraI homeostasis, as was suspected by, many scientists, investigating 
n 

other forms of metabolic bone disease (Rasmussen and Bordier, 1974; Bordier et al., 

1977; Foumier et al., 1977; Ivey et al., 1977; Bell et al., 1979). 

At approximately the same time, it was shown by L~vison et al. (1977) 

that.1ong term a~ministration of either diphenylhydantoin or phenobarbital to chicks 

resulteé' in an in~rease in renal mitochondrial 2.5-(OH)D3 - la hydroxylase. This 

information, though obtained from animal experiments, provided a PoSsible explana­

tion for normal or slightly elevated serum 1,25-(OH)2D3 values seen in humans 

r~ceiving long term atlticonvulsants. id 

On th~ other hand, it is equally important to cite the results of other 

experimental and clinical studies which were, in fact, completely opposite to those 

discussed up to this point~~, 

InJl ambulatory Israel children and adolescents receiving eîther phenytoin 
" . 

or phenobarb~tal for over one year, Weissman et aL (1979) found that serum 

2.5-(oH10 concentrations were similar to those of healtily;> age-matched controls, 

presum~ly because of the abundant ultraviolet radiation prevalent in Israel. In a, 

group of non-institionalized, non-epileptic, cardiac patients receiving diphenylhy-, . ' 

dantoin for tw.o years for the control of cardiac anythmias, and with serum 

concentrations within th~ theràpeutic range 'for the control of epilepsy, Wark et al. 

(1979) found- nor,mal 2.5-(OH)D levels, normal serum calcium levels, and el~vated 

hepatic isoenzyme alkaline phosphata se levels, compared to age-matched controIs. 

Moreover, in a double blind series performed on 74 children receiving either 

phenobarbital- 0/ placebo for .5 to .12, months for the control of single febrile 

seizures, Camfield et al. (1981, unpublished data) did not find any significant 

alterations in serum 2.5-(OH)D levels. 

ln rats, Gascon-Barré (1981; in press) was unable to demonstrate a 

significant effect' on plasma 2.5-(OH)D concentrations by either phenobarbital, 
tJ 
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.. _.----:;. diphenYlhrdant~ or both jn combination, in the pr~se"ce of constant vitamin D) 

-intake (l00 lJg/kg!day). Furthermore, DeJvin et al. (1980' showed that a greater 

phenobarbital inductive' influence on microsomal prote in synthesis was achieved in 

rats ~hen vitam in D deficiency was present; they then postulated that, in hûmans, 

vitamin D deficiency po~entiated anticonvulsant-mediated induction o~ cholecalci-
, , 

ferol-25-hydroxylase resulting in lower serum 25-0HD concentrations.' 

2- ANTICONVULSANT IMPAIRMENT OF INTESTINAL CALCIUM ABSORPTION 
1 

i) Normal mechanisms of calcium absorption 

Calcium absorption takes place principally in the duodenal segment of the 

small intestine. Uptake at the intestinal border occurs by simple diffusion, ahd 

transfer to the serosal surface is mediated by carrier proteins inc1uding a specifie 

éaicium binding protein (CaBP). Vitamin D 1,25-(OH)2D, and- 25-(OH)D in pharma:. 

"cological doses increase the rate of transfer of calcium from luminal flu~nto the . . 
mucosal cell, and also the rate of elimination of caléium from the mucosal cell into 

the interstitial fluid bathing the basàl and lateral surfaces of the cell. Whether the 

primary action is to iricrease the rate of cal~ium permeation' through the luminal 

surface remains a question. The net effect,' however is that, even 'at high 

concentrations of calcium in the luminal fluid, calcium moves only slowly into the . ' 

mucosal cell in the absence of the active vitamin D metabolite. 

H) Antiëonvulsant impair ment of calcium absorption 

The relevant information on this topic was obtained primarily, from animal 

experiments and organ cultuTes. The latter technique enabled ~alysis to foçus on 

the direct effects of the drugs at the intestinal level t6, the exclusion of their 

indirect effects on intestinal absorption via altered vitam in D metab~lism. 
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In the rat, prolonged intake of diphenylhydantoin, alone or in combination 

with phenobarbital was shown to impair intestinal calcium absorption, with calcium 
~ . 

binding' protein activity (and pr~sumë!:bly calcium binding protein syn~~sis) 're­

maining intact ~(Caspary, 1972;, ~och et al., 1972). These observations were . , 

supported by the work of Harrison and Harrison (1976), in which they also demons-

trated that combined diphen~lhydantoin and phenobarbital therapy did not bloc~ 

vitamin O-stimuJatecfi3passive' diffusion of calcium across the intestinal mucosal 

barrier, nor did it affect vitamin D-stimulated increase oi "serum calcium in vitam in 

o deficient rats; a specifie inhibitory effect by anticonvulsant medication on an 

energy dependent calcium transport system within the intestinal mucosa and at the 
, \ 

serosal surface was postula ted. Prolonged and brief courses of phenobarbital, on the 

other hand were not found to hinder intestinal calcium absorption in vitamin 0 

repleted rats, in organ cultured rat duodena, or in humans (Koch et al., 1972; 
j 7 

,1 ~ 

Krawitt et at-;J 97~,5chaefer et al., 1972). 

In the chiè:k, Villareale et al. (I974) observed that, regardless of the 

vitamin 0 dietary content, t~at prolonged diphenylhydantoin lead to decrcased bon~ 

ash, decreased 47 Ca absorption, and, in contrast to the reports of Koch et al. (1972) 

and Caspary (I972), a depressed calcium binding protein activlty. These effects 

,,, w'ere directly related to the diphenylhydantoin dose and inversely proportional to the , . 
dietary vitamin 0 3 content. Species differences ln calcium binding protein 

responsiveness to' diphenyÎhydantoin was cited a,s a possible explanation for the 

differences in the rat and <:hick models. In a simiJar model, Corradino (I976) also 

'S~O!ed that diphenyJhydantoin-treated chicks exhibited both depressed intestinal 

fl.5Ca absorption and calcium binding prote in synthesis in parallel. 

In a clinical study performed on 40 institutionalized and out-patient 

epileptics receiving combined diphenylhydantoin and phenobarbital therapy, Caspary 
, 
et al. (1975) demonstrated tnat 62.5% of the patients exhibited malabsorption of 
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45Ca despite normal serum calcium and phosphorus levels and normal alkaline 

phosphata~e activity. Similar results were obtained by Shafer and Nuttal1 (1975) in a 
, , 

f 

clinical study conducted on 28 epiJeptics receivil)g diphenylhydantoin and phenobar-

bital, with a significantly greater 45Ca malabsorption (5696) being obser~ed in 

patients receiving diphenylhydantoi~ alone than in patients on both diphenyl­

hydantoin and phenobarbital. 

3- END-ORGAN UNRESPONSIVENESS To THE EFFECTS OF VITAM IN D AND OF 

PTH 

Considerable, evidence has accumulated suggesting that anticonvulsants 

produce resistance to the actions of vitamin 0 by exerting direct inhibitory effects 

on mineraI metabolism at the tissue level. In the 1 first instance, the finding of 

normal or elevated 1,25-(OH)2D3 levels in affected patients (Jubiz et al., 1977) was 
, • 1 

interpreted by sorne as a manifestation of end-organ resistance to activated vitamin 

~(1,25-(OH)2D3) at the intestinal and bone, ti'Stle level,. The inhibition 'Of in vitro 

\ vitamin D-mediated intestinal calcium ,transport in the rat by combined in vivo 

diphenylhydantoin-phenobarbital therapy (Harrison and Harrison, 1976) aIso indi-

cated a blunting' ,of the effects of vitamin D at the intestinal tissue level. 

, Furthermore, it was demonstrated by Hahn et al. (1978) that both phenobarbital and 

diphenylhydantoin inhibited basal as wel1 as PTH-and 1,25-(OH)2D3-stimulated 

release of calcium from cultured fetal rat forelimb rudiments, with diphenyl-

hydanto~ exhibiting a several fold more potent inhibitory effect than phenobarbital. 

Jenkins and co-workers (1974) reported that diphenylhydantoin, but not pheno­

barbital, inhibited parathyroid extract-stimulated 45Ca release from cultured mouse 

calvaria; aithough these results~ere not consonant with those of Hahn et al. (1978), 

the dlfferences could be attr ibutable to species differencès, or to differences in the 

drug concentrations employed. 
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; ~ve/aJ clioicaJ studies have dernonstraWd.that ~:onk diphenylhydantoin , 

can aiso produce effects tha~ imply ~nd-organ resistance ,to the effects iof ,PTH. 

Radiographie surveys of dèntition in patients receiving chron'ic diphenylhydantoin 
• 

therapy have demonstrated a markedly increased incidence of root abnormalities 

characteristic of those seen in hyperparathyroidism and pseudohypoparathyroidism , , 

(Harris and Goldl)aber, 1974). Moreover, calvarial' thickening, another feature of 

ch ronic· hypoparathyroid states, has been observed with increased frequency after 

prolonged 'diphenylhydantoin administration (Kattan, 1970). 
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The dinical entity of anticonvulsant-induced osteomalacia remains a 

contentious issue. Obstacles to proper interpretation of the available data arise 

either because of multiple anticonvulsant drug thet'apy or because' of lack Of 

st@ndardization of the content of calcium, phosphate, and vitamin 0 in the dietaty 

intjike. Furthermore, the paucity of adequate histological assessments documenting 
-

the events occurring at the bone tissue level !.mder the influence of various 

anticonvulsants does make it difficult, if not appropriate, to continue labeling the , 

disorder' as "osteomalacia". 

Anticonvulsants are a heterogene~us group of pharmacological agents. 

FrolT) the review of the literature presented here, it ~s 'obvious that they do not aIl 

influence metabolism to the same extent. It is thus reasonable to. assumè that the 

choice of one anticonvulsant over. another might be associated with a higher chançe 

of developing the syndrome. 
-

This project was desi~ned with Ja ~iew of obtaining a c1ear understanding of 
, , 

the effects of long term single~dr~g anticonvulsant treatment on"~one and minerai 
\ " 

metabolism. Specifically, our aims were: 
, > 

1. To study the alterations on hepatic and minerai metabolism in young rats 
. 

'receiving long term phenobarbital, w.ith particolar attention focussed on the 

possible effects on vitamin D metabolites. 

2. To study concurrently the possible effects of phenobarbital on endochondral bone , , 

growth using the rat model of endochon~ral bone induction developed by Reddi 

and Huggins (1972). ~ 

3. To determine quantitatively the extent of antico,:,vulsant:induced osteomalacia 

in the long bones and caudal ~ertebrae of these animais. 

1 
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M.I!THODS 

MATRIX-INDUCED ENDOCHONDRAL BONE FORMATION 

1> 

Endochondral bone formation can be convenientJy studied in the rat /by 

means of the matrix':..induced endochondral bone-forming system (Reddi and 
'. . "" ," 

Huggins, 1972;' Reddi and Huggins, 1975; Reddi and Anderson, 1976),. By mean~ pf 
o • 

this modei, the discrete stages of, el'ldOChO~dral bone' differentiation,' such as 
o • \ -'\. • 

mesenchymal celI proliferation, cJt)ndrogenesis, cartilage calcification, osteogenesi~ , 
..} II. ~ 

• J 

and bone, mineralization are reproduced in an regular fa,shion, as shown in Tâble 1; 

the many difficu1.ties inhetent in 'the use oi the·epiphyseal growth plate are thus 
\ " 

circumvented. The mëthod consists of subcutaneous implantation of deminera:1ized 
1 

di~physeal bone ma~rix in~o allogenic rats, anc!. it results in the induction of de nova 

bone formation by the endochond~al process. Type 1 bone collagen or other 

extracellular matrix macromofecules contained in t~e pre\red bone matrix pow~er 

are presumed to be the subst~nces with specific mitbgenic effects which influence\. 

the connective tissue mesenchyme to differentiate according to the developmental 
ç 

cascade 'of endochondral bone formation (Rath and Reddi, 1979; Urist, 1980) •. - . 
1 

PREPARATION OF BONE INDUCING POWDER 

The bone inducing powder was prepared according to the method Qf Reddi 

and Huggins (1972), with a few modifications. The f~moral, tibial and humeraI 

diaphyseal sections of Sprague Dawley male rats aged 28 days' w~re harvest~d and 

c1eaned of adherent tissue; the marrow was extracted and the medullary canal was 
'-

c1eaned by means of forceful injections of deionized water. The bones were then 
, 

broken into small chips measuring 2 x 3 x 3 mm3, approximately, then washed four 
".. 

times in deionized water over a period of two hours, after which they were defatted 

.. 
! . , 
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STAGE EVENT , 

1 

• DAY 0 • Implantation of cortical bone powder 1 

• DAY 4 • VASCULAR INVASION of bone powder implant 

• 'DAY 7 • Appearance of CHONDROCYTES anrorlse~ of . 
cartilage matrix produCtiOA { . 

, 
• DAY 11 • t CARTJl.AGE MATRIX production with early 

CA 1. CIFICA nON '" 
, 

• DAY 14 l, • t Calcification of Induced cartilage matrlx 1 , 

" '" • Appearance of OSTEOBLASTS and early osteoid 1 
formation 1 

i 
1 

.. 'DAY 20 • t OSTEOID FORMATION with early minerali. 1 

zation 1 
" 

1 • DAY 42 • t Osteoblast number 
0 

• t MINERALIZATION OF OSTEOID 

1 
, ., 

• Appearance of MARROW 
1 

0 , 

TABLE 1 - Developmental sequence o~ matrix-induced eridochondral bone 
formation':. 

! 
1 
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in alcohol baths (twice in 95% ethyl alcohol for 40 minutes followed by twice in 

absolu te ethyl alcohol for 40 minutes). Finally the bone 'fragments were washed 

with anhydrous .. ethyl ether for 30 minutes after which they were allowed to dry 

overnight at room temperature . 

. Next, the dehydra!ed borie chips were milled in a Spex Freezer Mill set at 

maximum impact frequency and for a period of 1 minute. The coarse powder th us 

produced was then demineralized for three hours using 0.5 N HCI (25 mEq/g). The 
o 

, solution was centrifuged at 10,000 rpm for 30 minutes in the S5-34 rotor of a Sorvall 

RC-2B centrifuge, the supernatant disca~ded and the precipitate demineralized 

another 30 minutes in 0.5 N HCI (25 mEq/g); thê supernatant was again discarded 
A 

and the precipita te washed three times in deionized wa ter, 40 minutes each wash, 

with centrifugation (10,000 rpm for a 30 minute period) being done belween each 

wash. Dehydration of tt},e precipitated powder was done twice in 95% ethy\ alcohol , 

(30 minutes each time) and once in absolute ethyl alcohol (30 minutes) with 

centrifugation (10,000 rpm/for a 30 mi~te period) carried out between each alcohol 

bath. The precipitated powder was finally stirred in anhydrous ethyl ether and then 

allowed to dry overnight in a petri dish. 

Three samples of the bone powder preparation were incinerated in an oyen 

at 600°C for 18 hours until no measurable inorganic Ca -or Pi cou Id be extracted 

from the bone powder. 

Twenty five milligram aliquots of the sieved bone powder of particle .. size 

measuring 180-425 Il were then placed in no. 5 gelati,ne gelules ready for 

implanta tion. 

EXPER:IMENTAL DESIGN 

.. A schematic representation of the experimental design is shown in 

F,igure 2. 

, ' 
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SCHEMATIC REPRESENTATIOi( OF ~ëXPERIMENTAL DESIGN 
t' 

Saline inj~tions (controls) or PB injections (tltreated") . .' 

t 1 
o 1 

.! 

Q 

Implantation of bone 

) 
i nduci ng pow"ti~r 

t 
1 1 

30 31 ." 35 38 

Experimental time (days) 

0 

42 45 

"-

Harvesting of bon es 

and implants* 

51 

" 
.. Animals killed lat experimental tirries corresponding to key 

developmental stages -of inducted endoc.hondral bone 
Q' 

~ 

FIGURE 2 - Schematic representa tion of experimental desigp. 
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, « 
Sixty 21 da~ old male Sprague Dawlel weanling rats (Canadian Breeding 

Farms and Laboratories, St. Constant, Quebec, Canada) were equally' divided at , 
random,into a control group and a phenobarbital (P..B)-"tr~tedn group. AIl animaIs 

were housed in' individual hanging cages in a windowJess room with automatically 
,n 

controlled temperature and lighting, and pair fed,15 g/day of 'a standard rat cho", 

'" 
diet (no. 5012, Ralston-Purina Canada, Woodstock, Ontario, Canada) containing: 

Calcium: 

, Phosphorus: 

Vitamin D: 
, , 

Prote in, .lot iess than 

Fat, not less than 

Fiber, not more than 
t 

0.68% 

0.61% 

2.5IU/gm 

22.0% 

4.0% 

5.0% 

Demineralized water was given ad li!>itum. 

The PB treated animaIs were administered 'sodium phenobarbital ("Luminal 

Sodium", a generous gift of Wintl')rop Laboratories, Division of Sterling DlJ.lg Ltd., 

Dorval, Quebec, Canada), 50 mg/kg/day, intraperitoneally for 30 ~ys, whereas the 

c~trols were given the vehicle ooly (physioJogical saline) according to the same 

scheduJe •• 

At this point, all animaIs ,were anesthetized with phenobarbital, 45 mg/kg 

("Nembutal Sodium"; AbOOtt Laboratories, Dorval, Quebec, Çanada); using aseptic 

teChnique, gelules containing 25 mg aliquots of the demineralized cortical bone 
, l _ • 

powder were subcutaneously implan,ted biJaterally in the an~erolateral thoracic 

region through a midline dorsal interscapuJar incision which was subsequently clb~· 

with 2 stainless steel clips. Following this procedure, the rats continued to receiv~ 

daily ~jections of phenobarbital (PB) or saline in the treated and control groups 

re$peCtive!y. 
1 1 

\ 

, 
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Five control and five PB-treated rats were killed at 4,7,11,14,20 and 42 

days 'aiter implantation of th~ gellules, each of these times corresponding to key 
.. 

events in the context of induced endochondral bone formation (Table 1). At these 

same stages were carried out the assays described in the f~llowing sections. 

, 

\ 
/ 

PREPARATION OF HEPAT~C MICROSOMAL FRACTION 

Liver microsomes were isolated a~ding to the method of Schenkman and 

Cinti (1972). Following decapitation of control and treated animaIs at the specified 

intervals, the livers were excised a't once, blotted and weighed and then carefully . 
pertusèd with cold 0.154 M KCI. They were homogenized with a Potter-Elvehjem 

10 

homogenizer fitted with a Teflon pestel in ice-cold 0.25 M suc rose containing 1 mM 

NaH2P04 buffer adjusted to pH 7.4 with 1 M NaOH. The nuclei and cell debris were 

sedimented at an integrated field-time of 8300 g-min at r 7.3 cm in the 55-34 av. 

rotor of ''a Sorvall Re-2B centrifuge equilibrated at 4°C. The supernatant was 

centrifuged at,an integrated field-time of 196,200 g-min in the same apparatus and 

the supernatant, consisting of the microsomal and cytosolic fractions, was retaÎ:fled , 

for aminopyrine demethylase and cytochrome P-450 assays. 

AMINOPYRINE DEMETHYLASE A5SA y 

The' microsomal-cytosolic fraction was resuspended in 0.154 M KCI buf-

fered with 0.1 M NaH2P04 adjusted to pH 7.4 with O.A M NaOH. Aminopyrine 

demethylase was assayed according to the method of La Du et al. (1955) with the 

following modifications. To a 1.5 ml aliquot of the oxygenatèd cofa~.t9r (IO min. 

with 02) solution cohsis,ting of 1 r:nM NADPH, .. 1~.7 mM glucose-6-phosphate and 15 

mM semicarbazide in 0.5 M NaH2P04, adjusted t~ pH 7.4- with 0.1 M NaOH, 'wére 

added: 0.25 ml of gl~cose-6-phosphate dehydrogenase (3 units) in 25 mM MgC12, 

0.25 ml of 2.0 mM aminopyrine, in 25 mM MgCI2• The mixtures were incubated for 

, , .. . -
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exactly 5 min at 37°C after which time, at fixed intervals, 1 ml of the microsomal 

suspension èontaining approximàtely 1.5 nmoles cytochrome P-450 was added to 
" . 

each flask. The incubations continued, for 5 min, and the reaction was stopped by 

the addition of 1 ml of 0.52 M ZnS04 followed by 1 ml of saturated Ba(OH)2~ ':~tèr 

centrifugation at 1000 g for 20 min at 'f;°c, 2.5 ml of the c1ear supernatant fluid 

were used for the formaldehyde measurement by the method of Nash (1953). The 

units reported are nmoles formaldehyde produced/min/mg of microsomal prote in. 

\ 
CYTOCHROME P-450 AND PROTEIN MEASUREMENTS 

Cytochrome P-450 was measured spectrophotometrically using the micro-
. 

somal fraction resuspended in buffered 0.154 M K Cl solution according to the 
~ 

method dèscribed by Mazel (1972). The proteins were measured by th~ method of 

Lowry et al. (1975) using human serum albumin (Connaught Medical Research 

Laboratories, Toronto, Ontario, Canada) as standard. 

SERUM ASSAYS OF CALCIUM, PHOSPHORUS AND OF VITAMIN D METABOLITES 

At the time of sacrifice, blood was extracted from the animaIs by means of 

intracardiac puncture and centrifuged. The supernatant serum was then stored 

frozen at -20°C until thé time of assaying. 

Serum calcium (Ca) and phosphorus (pi) were determined by Auto AnaJyzer 

procedures (Technicon Instruments, Tarrytown, NY). \ 

The concentration of 25-hydroxyvitamin D (25-0HD) was \easured by 

radioligand assay by the method of Haddad and Chyu (1971) and J,2~-dihydroxy­

vitamin 0 (1,25-(OH)2D) by the method of Eisman et al. (1976) modified by J 

separating the bound from the free' hormone with a Dextran T -20 coated charcoal 

suspension instead of a polyethylene glycol solution. The circulating 24,25-dihy­

droxyvitarnin D. (24,25-(OH)2D) was also measured by a competitive bin~ing as~ay 

l 

1 
1 
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after, carèful purification by high liquid chromatography on' a 5 llm particle 

microporasiJ column (Beckman Instruments, Paolo Alto, CA, USA) equilibrated with 

6.5% propan-2-0J/n-hexane as mobile phase. The inter- and intra-assay variation 

coefficients for the three assays w~re 10 and 8% respectively. 
( . 

DETERMINATION OF PERCENT AGE BONE ASH AND OF ASH CALCIUM AND 

PHOSPHORE CONTENTS 

The left tibial and femoral 'diaphyses and metaphyses were used to / 

determine the percentage bone ash and the calcium and phosphorus content in bone. 

Pollowing removal at autopsy, the bones were placed in an oven at lOO°C overnight, 
, 

weighéd ("dry weights"), and subsequentlY incinerated in an oven at 600°C for f$ 

hours. The ashes were weighed and this value expressed as a perçentage of the dry 

bone weight. Calcium and 'phosphorus contents in the ashes were measured by Auto 
\ ' 

AnaIyzer (Tèchnicon Instruments, Tarrytown, NY, USA) ahd the results expressed as ' 

mg of Ca or Pi per mg of dry bone weight. AU data shown in Tables 5 and 6 are 
,,< 

expr~ssed as mean values (i) ± sté:!ndard error of the mean (SEM);. trhe significance 

(p) of the differences between P'B-treated and controls was,evaluated by the Student 

t-test for independent variates. 

.. o 
HISTOLOGY AND BONE MORPHOMETR y 

The remaining two third portions of each plaque of induced bone, longitu­

dinal on,e half portions of the, first three tail fertebrae, and the right tibial and 

femoral diaphyses an~ metaphyses were fixed in buffered formaldehyde (pH 7.1 l"~ 

embedded undecalcified in methylmetha~rylate, and sectioned longitudinally on a , 

microtome (Autocut, Jung Inc., Heidelberg, W.Germany). 

Five micron thick sections of the implants of induced bone (harvested from 
, \ 

the animaIs' -right thoracic region), of the epiphyseal and metaphyseal regions of the . ) , 

, ' , 

1 

.1 
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vertebrae, and of the long bones were stained with toluidine ,blu~ é\t pH 2.8 (Bordier 

et al., 1972) or by the Von Kossa method (Villaneuva, 1973) and were quantitatively 

analyzed using a seJ1:li-automatic ima~e analyzer coupled to a photomicroscope 

(MOP?, Carl Zeiss I~c., W.Germany). 

By means' of in vivo dOl;1bJe tetracycline labeling (Achromycin, 40 mg/kg, 

administered seven and three days prior to sacrifice) and fluorescent microscopy, 

thé following dynamic parameters were measured in the metaphyseal region .of the 

seventh caudal vertebrae and along the surfaces of the induced bone: the mean 

osteoid seam' thickness (MOST) determined by measuring the mean distance (in 

microns) between midpoints çlong the osteoid surface; the calcification rate (CR) by 

dividing the MOST by the intervai 'of time (4 days) between the two labels; the 

. mineralization lag time (ML T), ca1culated as the ratio of the MOST ovet the 

cor~esponding CR. 

AUTORADIOGRAPHY 

Five micron thick sections were coated in comp~~te darknesÎ with NTB3 

liquid emulsion (Eastm,an Kodak, Rochester, NY), dried in a low humidity atmos­

phere at 20°C and placed in dark boxes at 4°C for five days~ ,At the end of the 

exposure period, the slid~s were developed in 019 and fixed (Unifix, Kodak), rinsed 

30 min in running' coïd tap water, then stained with toluidine blue. 

RADIOISOTOPE LABELING OF BONE IMPLANTS 

Radioisotopes were obtained trom New England Nuc1ear Canada Ltd;\ 

Montreal, Quebec, Canada'. Four hours prior to sacrifice, each animal of stage 4 and 

7 received 100 )iCi of Na35So4 (carrier free, 5.00 mCl/ml) whereas each 'animaL of 
.' . 

'. stage 11,14,20 and 42 received 100 'lJCi,Of 45caClz (5.00 mel/ml). 



( 

(
~ . " 

" 
f" l '''' ......... ~''' ... _r<,.,_~~....-.--....... ......~.....,.~ .~.. • f~' ..... --_l""'rN,~~~ ... _._F" _________ .ilJ:--' ......... _ .... , .... JO!IIIUlil!lljll.,!!Q ..... JGU __ ."IIlII ••• 

32 

At sacrifice, the plaques of induced endochondral bone were harvested 

from the thoracic region and cleaned oJ adherent tissue. Representative 

one-third-portions of the specimens of stages 4 (day 35) and 7 (day 38) were washed 
, < 

for 30 minutes in 0.1 M Na2S0,+ (non radioactive) in 0.05 M sodium phosphate buffer 

(pH 7.4) wilile those of stages 11,14,20 and 42 (days 42, "'5, 51 and 73, respectlvely) 
1 

were washed for 30 minutes in 0.1 M CaC12 (non radlo~ctive); the specim"èns were 

then blotted qry, weighed and then solubillzed in 2 cc of 88% formic acid at 90°C. 

Radioactivity w.as then assessed in a LKB Model 1216 Rackbeta II liquid scintillation 

. spectrometer using a mixture of 0.2 ml of the solubilized samples and Aquasol (New 
" ' , 

England Nuclear Canada Ltd; Montreal, Quebec, Canada) as scintillation liquid. 

, 1 
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RESULTS 

1. EFFECTS OF P!iENOBARBITAL ON WEIGHT GAIN AND EATING ACTIVITY 

\ , 
/ Under the stated conditions of pair feeding' of a standard rat chow diet, the 

PB animaIs gained significantly less weight than their controls, from day 38 until the 
;. " 

end of the experiment (Fig. 3). Important behavioural changes noted in the PB rats 

included hyperkinesis and voracious appetites at the time of feeding, and also a 

change in the biphasic circadian cycling of food intake, such that eating activity was 

confined to the first feeding episode. It ls important to point out that daily levels of 

food consumption were equivalent ln both groups. 

/ 
2. BIOCHEMICAL DATA 

/ 

/ 
/ 

i) Effect of phenobarbital on liver weight, cytochrome' P-4.50 tontent and/âmino-
, " 

pyrine demethylase activity 

The data containeQ in Tab~e 2 indicates {h~t in the PB animal, significant 

increases in liver weights and cytochrome P-450 content and hepatic aminopyrin,e 

demethy lase levels (as Iln index of mixed function oxidase levels) were obtained 
1 ~ , 

"" 
after prolonged treatment with phenobarbital, thereby attesting to the effectiveness 

of the experiment's protoccp in stimulating hepatic metabolism in the rat. 

li) Serum calcium and phosphorus determination~ 

The averages of the sequential ser~m calcium and phosphorus determina­

tions are shown in Table' 3. Mi)d' serum calcium and phosphorus elevations in the PB 
. 

animaIs were observed at m'any stages,' but while the se values were statistically , . 
significant in these instances, nevertheless they were not in keeping with true states 

~ . J ' 

/ 

/ 
/ 

/ 
/ 
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TABLE 2 EFFECT OF PHENOBARBITAL TREAT~ENT ON UVER WEIGHT, 
. -

CYTOCHROME P-r.,.50 CONTENT AND • AMINOPYRINE 

DEMETHYLASE ACTIVITY 

~ 

CONTROLS PB!TREATED p* 
n n 

. 
LIVER WEIGHTS (x ± SEM**~ 

, 
7.6 ±0.3 5 9.9 ± 0.5 5 < 0.005 

. 
-

, CYTOCHROME P-r.,.50 (nmoles/mg 
microsomal protein) 0.87 ± 0.5 9 1.33 ± 1.3 10 <0.01 . 

-
AMINOPYRINE DEMETHYLASE (nmoles/ 

mg microsomal protein/min) 5.5 ±O.6 4 11.4 ± 1.9 . 4 <0.025 
-~ 

---_ .. __ . __ ._.- -------

c 

* significance of difference was calculated by the Student's !-test for independent variates 

** i SEM: .mean ± standard error of the mean 

n =-sample sue .--' 

'" 
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_

______ ........................................ ~ .......... ~ .... --............ ~:_ .................. ;. ............ ;. .... ~ ...... m .. :''-...... --...... -:--------------------------~~-'1' 'i H -_ , •• ""H i! M t t r f t _tr r .t,rtw+ .! ,- -.. 

-;~ '-:" 

.."., 
\II 

" 

k 

'. 

~ ! 



(', 

/ 

TABLE 3 -- SERUM CALC:IUM (Ca) AND PHOSPHORUS (pi) MEASUREMENTS 
, ~ 

, Ca Pi 
. 

E~perimental C PB p* C t PB 
time 

~ 

, 

----_ .. -

(days)- n n n . 
35 9.7 ± 0.2 3 10.5 ±0.2 5 < 0.025 7.2± 0.1 3 8.1 ± 0.1 

38 n.d. n.d. n.d. n.d. n.d. 
1 

42 9.6 ±O.I- 4 10.3 ±0.3 4 <0.05 7.8 ± 0.3 4 8.4'± 0.2 

45 10.0_± 0.2 4 10.0 ±O.! 4 N.S. ' 7.8 ± 0.2 4 8.0 ± 0.4 . 
-

51 9.7 ±0.2 5 10.2 ± 0.1 4 <0.025 7.3 ± 0.3 5 ,7.5 ± 0.2 
J 

'" 73 9.5 ±0.1 3 10.0 ± 0.0 5 < 0.0005 5.8 ± 0.2 3 "6.8 ± 0.2 
- --_._- - '---- ~---_.-

. 

* significance of difference was ca1culated by the Student's t-test for inde pendent variates 

n = sample size 

n.d.: not done 

.'-

i 
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~ 
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-

p* , 

n . 

5 <0.005 ' 

n.d. 

4 <0.05 

4 N.S. 

4 - N.S, 

5 < 0.005 
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of hyperca1cemia or hyperphosphatemia. The data for day 7 coulrl not be' 

determined due to insufficient quantities of sera. 

Hi) Sequential measurements of vitamin D metabolites 

In Table 4 are shown the mean serum valu,;s of the vitamin D metabolites 

obtained sequentially at the key developmental stages of the matrix-induced 

endochondral bone forming system (Reddi a Huggins, 1972; c.f. below). 

Mean serum 25-(OH)D Ieveis did no differ significantly in the PB animaIs 

from contraIs. Mean values for PB and contr 1 animaIs ranged from 14.0 ng/ml to 
c 

28.1 ng/ml. 
\ 

Serum 1,25.-(OH)2D levels in the PB an'mals were similar to controls at 

days 38, 42, 45 and 51. Although the levels of tHis metabolite were significantly 
" . 

lower in the PB animaIs at days 35 and 73, these Iower values were still within the 

nar~aI range (Shepard and' DeLuca, 1980). The elevated mean value of 1,25~(OH)2D 

in controls at day 51 was 'swayed upward by two high measurements (113 and 117 

pg/mI); the physiological significance of these partlcular results is unknawn. 
1 

At days 35 and 73, the levels of 24,25-(OH)2D were significantly increased 

in the PB animaIs compared to contraIs. Hawever, caution 15 advised in interpreting 

the 24,25-(OH)2D values, as the fractions measured possibly contain other vitamin D 

metabolites' such as 25,26-dihydraxyvitamin D and the vitamin D 3,26-lactone; 

nevertheless, we believe our 24,25-(OH)2D fractions ta be pure as a result of the 

technique employed here cansisting of two separations with two different solvents, 

as opposed to a single separation with one solvent, which is thè technique most 

frequently employed by most investigators. 
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TABLE". - SEQUENTfAL MEASUREMENTS' 

. '--. 

VIT AMIN D MET ABOUTES 

25-QHD (ng/ml) 24-25(OH)2D (ng/mI) 1,25(OH)2D (pg/ml) 

Experimental Con troIs 0 PB animaIs Controls PB animaIs Controls PB animaIs 
time 

(days) 

35 

-38 

42 

4-5 

51 <> . 
73 

< 

" - <-
~ 

n n n n n 
t 

- -
14.0 ± 1.0 5 14.0 ± 2.0' 5 4.1 ± 0.2 5 8.1± 0.9 1 5 55.0± 6.0 5 36.0 ±5.0 

2 
- -

21.0 ± 2.2 ". 19.0 ± 1.9 ". 10.6 ± 0.8 ". 10.0 ± OA ". 58.7± 8.4 ". 51.8 ± "'.6 
-

24.8 :t2.9 4 18.9 ± 1.6 4 10.0 ± .0.5 4 8.9 ± 0.9 4 29.8 ± 3.9 4 26.4± 5.8 

25.2 ± 4.0 4 28.1 ± 0.7 4 16.3 ± 1;0 4 17.2±0.9 4 25.2 ± 4.0 ". 28.1 ± 0.7 

21.8 ± 3.7 5 25.4 ±0.8 4 13.8 ± 0.6 3 17.6± 1.9 3 80.6 ± 14.8 5 50.8 ± 5.8 
0 - -

- 2 2 19.9 ± 1.4 3 22.3,±0.6 5 12.3 ± 0.5 3 15.2 ± 0.7 5 53.7 ± 2.5, 3 36.9± 4.0 
v 

L..--.. __ ,___ . ___ ._ 

* Significance of difference was caiculateq by the Student's t-test for independent variates 

1 p < 0.005 

2 p<O.025 

n = samplè size 
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iv) Sone a.sh weight ~d ash calcium and phosphorus contents , 

In Tables.5 and 6 respectively, aré shown the mean values of the long bone 

ash content, and of calcium and phosphorus contents (ll g) in the bone ashes 

expressed in reJation to the dry we;Îght (mg) of the long bones. Again, despite 
. , 

statistically significant results obtained at sorne of the intervals, the values must bé 

interpreted as not being truUy different, as the ~l~u1a tèd differences were due to 

the high pre~ision <?f the techniques employed, the, srna.J1 values for err~fs of .. the 

mean, and also due to the small number of samples involved. f 

, 
3. HISTOLOGY 

" . i) Eff~ts of phenobarbital on induced endochondral bone 0 

The protocoI for the matrix-induced endochondral bone-forming system 
, Q 

yielded plaques of bon,e formed by an endochondral sequence, both in èontrol and 
J 

,PB-treated animais, in approximately 60% of animais. In the remaining 40%, the 

bone powder had either been completely resorbed and none rernained at autopsy, or 

e1se the bone-inducing powder t1ad been.. comp1t!tely encapsuled such that it could 
. 

not ~any bone-forming response jp the organisme !he "success rate" of bone 

induced by thls. protocoJ was deemed statisfactory and concorded with the rate of 

bone induction obtained in other experiments using this system (Reddi, 1981, 
~. 

persona! communication). 

At clay 35, the pJaques which measured approximateJy 1 cm were covered 
, ' 

with a thicR, firm, fibrous' capsule ànd 'were surrounded by edema fluide The eut 

sections reveaJed Joose bone partic1es and the histological sections showed a 

vascuJar resi>onse invadihg the implant and StirTounding the bone particles. The 

intensity of the reaction was equivalent in both controls and PB animais. With 
\' . 

poJarizing,light, the bone matrix was noted to'1>e entirely lameUar in structure and 
• 1) . " 

thus of ,cortical origine A few fod of cartilage grOwth plate' matrix were seen in the 
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TABLE..5 - SEQUENT1AL DETERMINATION OF PERCENTAGE ASH CONTENT 

IN LONG BONES1 
• 

. . 
- , ... 

Experimental Day 35 Day 38 Day 42' Day 45 Day 51 Day 73 tlme " 

, 

Controls 74.6 ±0.4 70.-7 t~.3 70.3 tO.3 - 70.4 ± 0.2 70.2 ± 0.2 71.1 ± 0.1 

PB animaIs" 
. 

76.2 ± 0.5 70.4 ± 0.1 69.3 ± 0.4 69.9 ± 0.2 70.5 ± 0.1 70.7 ± 0.3 -

"p" value2 p< 0.025 P = N.S • p< 0.05 p.( 0.0.5 P = N.S. P = N.S. . . 
._----- -- ---~ -- ----~~~--- ,- --- -

, 

1) l.e. Weight of bone ashes+ dry bone weight x 10096 " 

2) Signlficance of difference was calcul,ated by the Student's t-test for independent variates 
;;. 
N.S. = not significant 
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TABLE 6 ~ BONE ASH CALCIUM AND PHOSPHORUS CONTENTI 

-
1 

, 

• 
Experimental Day 3.5 Day 38 Day 42 Day 45 Day 51 Day 79 tlme '\ 

Controis 282±3 284± 4 274 ±8 . 278 ±.5 280±4 28.5 ±2 , 

Ca 

PB animaIs 294± lf.2 - 28lf. ±2 266± 9 280 ±4 278± 4 280± 3 
'-

. " 

Controis - 142 ±3 142 ±2 - 138± 3 144 ±2· 140 ±O 140± 0 • 
\ 

~ 

Pi 

PB animaIs 148 ± 3, ' 148 ± 22 l~±O { 1~4 ± 2 p8±2 140± 0 

. -------_._-----

1) Expressed in lIg/mg dry weight of bones. Significan. difference was ca1culated by the 
Student's t~test for independent variates. _ 

'" 

2) P < 0.0.5 , 
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homologous bone powder and undoubtedly represented unresorped, long cartilage 
) 

columns which had penetrated deeply into' the diaphyseaJ sections of the long bones 

of the donor animaIs, and'which had been retained throughout the preparation of the 

l?,one 'powder. 

At day 38, the implants were more firm and opaque, and were more 

adherent to underlying muscle. The cut surface was more homogenous and sollçt, yet 

still slig~tly granular in consistency. Histologiçai examination of t~luidine blue 

sections revealed 'foci of early cartHage celJ differen'tiation with production of 

ground substance as exemplified by increased uptake of the dye at the se locations. 
~ 

Similar changes were seen in both groups of animaIs, and to the same extent. 
'r 

At day 42, the gross appearance of the implants was pearly white. 

Mièroscopically, cartilage cel1 proliferation was. abundant on the surféices of the 

powder particles; and greater amounts of grourid substance were being produced 

(Fig. 4) and mineralized, às witnessed by the von Kossa staining. An interesting and 

new observation made at this point was the findÏ!lg of similar chondrocyte cellular 

, activity within old Haversian canals of the donor bone powder, thus showing that 

bone induction was not restr icted to t~e surface of the bone partic1es but tha t it 

could aiso take place inside of oid Haversian systems of the homologous bone 

matrix. Moreover, it was observed that the focus of the se activities was not at the, 

center of the plaque, as advocated by Reddi and Huggins (I972), but that it was 

more or less diffuse throughout the button-ljke plaque. Again, at day 42, these 
. 

cellular responses to the presence of the inducing powder were seen in both control 

and PB animaIs. 

At day 45, the presence of reguJarly arranged rows of osteoblasts producing 

unmineralized osteoid within old haversian systems and along the surfaces of the 

inductive powder was noted in both control and PB animaIs. Active osteoclasts were 

. also present. The intensity of the se events at this stage was identical in both groups 

'of animaIs. 
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FIGURE 4 - ~ Representative histologie sections of implants of induced ,bone harversted at Il days after 

implantation from control (J~ft) and PB-treated (right) rats showing in both the osteogenic bone 

. matrix (b.m.) surrounded by cartHagenous matrix produced by chondroblasts (arrows). Note the . ' . 

presence of cel1s in old osteocytic lacunae. 

(.5 \lm thick toluidine blue stained section, 250 X ) . 
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At day 51, the osteoid produced was almost a11 mineralized in both groups, 
• 

of animaIs (Fig. 5). 

At day 73, the plaques felt hard to touch and looked bl00d-tinged on their 
, ' 

eut surfaces. Histologieal evaluation revealed mainly calcified matrix, active 
• f 

ü 

~steoblasts, marrow elements, and remaining )decalcified bone powder. The extent 
, , 

of the development ~d the sizes of the resulting Qone implants w;re identical, in 

both groups ot animaIs.' " . 

The regularity of the time of appearance of these developmenta1 stages of 

matrix-induced bone was uniform and 'predictable in most circumstances, in both 

animal gr~ups. However, occasionally: it was ôbserved that an implant from a 
., - 1 

control or a PB animal contained histologieal fea tures typical of the next most 

advanced stage of growth. For example, a section from an Il day -old implant 

harvestedOfr~m ,a control animal (Fig. 6) clearly demonstliated active osteoblasts 
. , 

producing osteoid, a feature usually seen only in a 14 day oldl implant. Similarly, in 
1 • 

one 20 day old implant were found marrow precursor ce11s in the form of loose cells 

mixed with fibrous connective tissue elements. Thus, this particular model of bone 
f ' 

induction faithfully recapitulated the even'ts of endochondral bone' formation, with 

variables of plus or: minus three da ys observed in the early stages. 

H) Histo~orpho,try 

Histomorphometric data for,day 73 1s reported in Table 7. This sta,ge atone 

was chosen for measurements and interpreta~ion: of implant and vertebral bone 

deveJopment as it was considered likely to yield more meaningful information than 
\ 

would be possible at the other stages. Not· only \vere attempted measurements of 

induced bone at earlier intervals difficult to obtain because of the heterogenous 

character of th~ inducetl bone (see above), but alsQ because an insufficient number 

of ,po~ible readings (on account of immaturity of the' new bone) rendered any 
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FIGURE 5 -" Histologie sectio~s of implant6 of induced bone. harvested 20 days post implantation (control on 

left; PB-treated on right). Minerali.zed (m.o.), and unmineralized osteoid (o.s.) are seenunder 
1:, 

rows of regulârly arranged osteo.blasts (o.b.). Osteoclastie activity (a.c.) is aiso visible. 

(5 }lm thick Von Kossa stained sections, 250 X ) 
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FIGURE 6 - Histôlogic section of 11 (fay oid implants of induced bone in a control rat showing events usually 

seen in a 14 day oid implant. Osteoblasts (o.b.) are seen producing osteoid (o.s.) on th~ surface of 
.; 

the bone-inducing matrix (b.m.) 

(~ llm thick toluidine blue stained section, 250 X ) 
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TABLE 7 - QUANTITAT-IVE HISTOLOGY OF BONE! 

,Day 42 

-. 
Mean osteoid seam 

, 

Calcification rate - Minerallzation lag time 

thickness ( l.l.~) " ( l.l. m/day) (days) . 
. - ~ 

(Mean ± S.D.) (Mean ± S.D.) (Mean ± S.D.) 

, 

Implant Vertebra Implant Vertebra Implant Vertebra 

Co"ntrols 5.71 ±O.48 6.00 ± 0.1~ 2.45 ±0.32 ' 2.41± 0.18 2.36± 0.39 2 • .50 ± 0.18 

n=4 - -

Treated 6.09 ±0.40 5.98 ±0.09 2~"82 ± 0.3.5 2.21 ±0.16* 2.19 ± 0.38** 2.70 ±"0.20 

n=5 

~ 

! 

* 

~ 

- , 

Significance of differe~ce \Vas cal~ulat~ by the S,dent's t-test for independent variates 

p < O~O 1 compared to implant in same animaIs 

** p < 0.02 compared to yertebra of sarne animal 

n = ~,mple size ~ 
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meas,urement at ~hes,e earlier stages imprecise and misleading.. The information 

presented in Table 7 represents mean values of the measurements ± standard error 

",' _ the means. , 

The quantitative measureme,nts of the plélques of induced bone and of the 
, 

vertebrae of one group were compared' to each other, and then compared to the 
, , 

values obtained in animaIs belonging to the other group. No signifieant differences 

were noted in mean osteoid seam thickness in implants of con troIs comparerl to 

those of PB animaIs, or between implants from one group compared to the vertebra 

in the same group, or between vertehrae from either group. Double fluorescent 

\ uptake with tetracycline was seen in the induced bone as weIl as the vertebral 
1 \ 

metaphyseal bone (Figs. 7 and 8). No differ~nces were found in the mean 

calcification rate of the implant compared to that of the vertebra. However, in PB ' , 

animaIs, the mean ca1cif~cation rate of the implant was found to be significantly 

increased comparéd to that of the vertebra; .on the other hand, it is apparent thflt 1 

the differences shown are not large, and that they probably do not have biological 

signlfic~nce. 

"Mineralization lag time was essentiaUy the same in control implants and 

vertebrae, and between ver~ebrae from control and PB animaIs. Due to the 
, _l, , 

difference in c~lcification rate of PB implants and vertebrae·,stated above, there 

wfls a significant difference calculated in tHe mineraHzation Iag time <?f the <,PB 

implants and vertebrae, wit'b implant rrlineralization lag time being slightly shorter 
'\ ' ~ 

in the impl~ts. Again, the differen~e is small, and probably does not constitute a 

biologically signifieant observation • 

Autoradiograptis obtained from sections of vertebrae at day 73 reve~led 

essentiaUy the same extent of 45 Ca incorporati~~ in boUt' PB animaIs and con troIs 

1 

/ 
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FIGURE 7 - Sectio'1s of control Oeft) and PB-treated (right) implant~ Of induced bone harvested 42 days post 

implantation (day 73). Uptake of the double labels was evidenced by the two layers (arrows) of 
- ~ 

, . 
fluorescence at the sites of active bone formation on the surface of the bone-inducing matrix' 

(b.m~). 

15 \.lm u\,stained section, fluorescent light, 250 X ) 
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FIGURE 8 - Sections through metâphyseal region of control (left) and PB-treated vettebrae (right) harvested 
f 

at day 73, showing uptake of both fluorescent labels (arrows) (b. t. = bone trabecula). 

0" \lm unst,ained section, flu?rescent light, 250 X ) .. 
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FIGURE 9 - 45Ca autoradiography of control (left} and PB-treated (right) implants harvested 42 days after , 

implantation showing active sites of mineralization (arrows) of the' matrix (b.m.) in both animal 

groups. ~ 

(5 lJI1l sections, toluidine blue ~tained sections, 259. X ) 
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TABLE 8- RADIOISOTOPE INCORPORATION IN IMPLANTS MATRIX-INDUCED ENDO­

CHONDRAL BONE1 
.' 11' 

35S Incorporation ".5C ln . 
0 

a corporatIon . 
çxperimental -
time 

Day 35 Day 38 Day 42 Day".5 
0 

Day 51 Day 73 

Controls 279 ±37 280 ±21 1803 ± 603 2102 ± 62". 1596'±2".". 2653 ±37". 

PB animais 225 ±'71 3 251 ± 51 3 185 ±852 116". ±464Y 1.327 ±5133 1349 ± .35.32 

, , 

, ' 
1) Mean of the measurement (dpm/mg tissué) ± standard error of the mean. Signlficance of 

difference was calculated by the Student's t-test for inde~ndent, variates.' 

2) p < 0.01 
3) p: not significant 
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. 
(Fig. 9). 45éa deposition in the newly produced osteoid was evidenced bath at the 

e 
surface of the matrix powder and also wi!!tin ,newly "colonized" Ha,*rsian e~,1s of 

the' matrix powder. A few ~eobJasts a1so showed intracellular radioactivity" 

reflecting ineipient nuc1eation of mineraI on the osteoid. These results thus 

corr.9horated the histolOgical obser'Yations reported a.bo\fe. 

'iv) Radloisotope labeling of bone implants , 

The results of radioHlbtope labeling of the implants done at the key 

developmental stages of matrix-induced endochoAdraJ bone formatiOn are shown in 

Table 8. Si~nificant d~ferences in mean \t~ of dpm of isotope/mg ,of tissue were 

not~ .-at days 42 and 73, with PB implants receiving less isotope incorporation. 

However, it was necessary, to interpret this Clata otherwise, 'in the light of the 
1 

; follow ing information: 

As the experiment was being performed, it became apparent tha~ the • , . 
radio isotope 1abeling r-e~Jts dependeçf very much on which part of the plaque was 

• 1 

• ring subrnitted for titis assay. Since the bone ind~ed in the implants tended to be 

• 1 heterogenous in structure, often a 1 portion of the specimen was used for 35S or' , 
1 

45ea counting in order to a larger portion for histolog,ical evaluation. 

Therefore, due to these sa, ing techniques, which were used in an effort to obtain 

the most material for soriptive an~ quantitative histologi~l information,. itf1S 

impossible to tend edence to the differences in the resu1ts of implant radioisot~ 
labeling. 
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QISCUSSION 

Selection of the ratas an, eXl?erimental animal this work was considered 

appropriate since the results obtained could then readilY,be compared to those of 

other related studies undertaken with the same model, and also because the 

matrix-induced endochondral bone forming system was ~wn tO.be more reliabie in YI 
the r~t than in other rodents (Huggins et ~L, 1970; Reddi, 1981, personal.communi- / . 

cation). J ,/ i 
The results of this experiment support the contention that,.unde/;ormal 1· 

nutritional circumstances, long term anticonvulsant treatment induces liver micro-

somal enzyme production in humans and in the experimental animal (Conney', 1967), 

Z:::f:::::.:C: :t:a::::::;L:::onin::~::~7:::::: 
/1974; Rayet aL, 1974; )Villareale et a~.; 1978; Wark et al, 1979; Weisman et al., 

1979; Melsen et al., 1910;'Camfield et al., 1981, unpublished dataj Gascon-Barré et 

al., 1981, in press). The differences between our results and .most reports dealing 
r 

with anticonvulsant-induced osteomalacia may stem from our rigld conditions of 

experimentation, namely pair feeding of a standard rat diet replete in calcium, 
r 

phosph~us ;n~ vitamin D, a condition which mimicks the clinical setting of most 

pati~nts receiving anticonvulsants. As opposed' to other clinicat surveys or animal 

experiments dealing with J this syndrome, the protocol ~f this experiment was 

desig!led to monitor simultaneously the main biochemical parameters and also the 
, , 

histologic'events during long term single drug anticonvulsant therapy, in~order to 

provide a global view of the effects and possibly a better understanding of the 

mechanisms involved. An attempt was thus made toi reduce ta a minimum the 

additive influence of the risk factors predisposing to the d,evelopment of the 
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syridrome. On the other hand, one could argue that the vitamin 0 content (2.5 IU/g)~./ 

in the "standard" rat chow diet was large enough to afford a good safeguard jlgainst 

the development of signs of vitamin 0 depl~tion. NevertheJess, this amount o.f 

vitam in 0 in the diet was not excessive; it complied with the minimum requirem~t 

of l IUlg diet/day (Subcommittee on Laboratory Animal Nutrition,', National 
, 

ResearGh Council, Washington, D9> :neeessary ,to. prevent nutriti~al r ickets in' the 
, , 

rat, and it compared with the vitamin 0 content in othçr, commercial diets. • • 
Gèneral eff~ts of long term phenobarbital treatment which finc1uded 

s16wer weight gain and .')change lin th~ circad;'" 'cycling of food intake. are in 

agreement with the observations of Peraino et al. (I~80). ' 

Although the normal ranges of serum vitamin 0 metabolites have yet to be , 

estabHshed in the young rat, it can still be stated ~ith .confidence that the serum 

vitamin 0 metabolite levels. measured, in the PB animaIs ,.remained within ranges 

observed in control animaIs and are therefore likely to have Piovided sufficient 

tissue levels of the hormone. The levels were furthermore comparable to the 

concentrations obtained elsewhere using diet~ providing approximately the same 

daily quantity oi vitamin 0 (Shepard and De Luca, 1980). ..4 

With our protocoJ, hepatic microsomal mixed function oxidase induction 

'was obtained as evidenced by the increase in aminopyrine demethyJase activity' and 

in cytochrome P-450 content. 

~ Serum 25:-(OH)D leveJs in the PB-treated rats being simiJar to those ~f 

contr~lst reflected the adequate bioavaiJabHity of the parent vitami~. It has been 

shown that acute treatment of rats wÎth phenobarbital alters the in vitro hepatic , , . 

cholecaiciferoJ 25-hydroxyJase kinetics (Delvin et al., 1980) in such 1 way ,that at 
1 

low substrate concentration there is a decreased production,of 25~(OH)D whiJe at 

hlgh substrate concentration the hydroxyJation is increased. It could therefore be 

postulated that the unchanged 25-(OH)0 levels reflect a balance between an 
, '" 
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increased liver hydroxylation rate and' an it1crea~d choleresis (Silver et al., 1974; 

Gascon-Barré et ~l., 1977) of 25-(OH)D. 
1 

Normal serum 1,25-(OH)2D values in the PB animaIs maintained throughout 

the experim~nt are a consequence of an adequate 25-(OH)D pool and ~ intact renai 
- \ 

hydroxylating mechanisms, and aIso correspond to the serum concentrations 

obtained elsewhere (Shepard and De Luca, 1980) in 'hormal rats fed diets providing 

approximately the same daily quantity of vitamin D. As there exist three orders of 

• magnitude between 1,25-(OH)2D and 24,25-(OH)2D serum concentrations, it was 

difficult to establish a definite link between -the se two metabolites. As mentioned 

previously, comigration of other dihydroxylat7d vitam in D metabolites (such as 
P \ 

25,26-dihydroxyvitamin D and the vitamin D 3,26-lactone) may be responsible for 
1 

; the elevated 24,25-(OH)2D concentrations at days 3.5 and 73." This pOssibility is 

unlikely since with two different solvents used for purification, -these other 
. , 

dihydr~xy1ated metabol~tes do not comigrate with 24,~5-(OH)2D. The 24,25-(OH)2D 

values in both animal groups furthermore faH in the range of values obtained by 

Danan et al. (J 980) in normal rats of the same age. 

In keeping with the lack of effeet of long term pa administration on serum 

\ levels of vitamin D metaboHtes in the rat, .no effect of biological significance on, 

.. 

, 
serum qdcium and phosphon,ls values was observed. Suffiëien.t dietary calcium and 

pho.sphorus intake and adequate calcium intestinal absorption (Koch et al., 1972; 

Krawitt et ~1., 1972; Schaefer et al., 1972) are responsible in part for assuring the 

maintenance of mineraI homeostasis in the Pl animaIs, along with adequate 
1 _ 

concentrations and activity of the 1,25-(OH)2D metaboJite. Furthermore, normo­

ca1cemia !las not 1i~ed to a mild secondary hyperparathyroid st~te, on account of 

the normophost>hatemia in the PB animais, and as witnessed by the appropriate bone 

resorption-fQ,rmation equilibrium observed hi;tologically (see below). 
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8, 

There may be several explanations for '-the discrepancies between thesè 

biochemical result~ and those of other investigators. In the first place, most clinical 

studies have heen difficJlt to interpret because of the ~ifficulties in clearly defining 

the dietary intake of C~Urh, phosphorus and vitamin 0 in antic~nvulsant-treated 
'- and in control patients, and because of the imposssibility of measuring endogenous 

vitamin 0 synthesis or of quantifying sunlight ~xposure. In the present study both 

animal groups were equal in terms of dietary content and of lack of exposure to 

ultra violet rays. 

Furthermore, in contrast t() the pr6tocols of the present study and those of , . 
other related animal experiments (Gascon-Barré, 1981, in press; Hahn et al., 1978), 

it has not been possible in most c1inical investigations to discriminate between the 
• 

biochemical effects induced by one anticonvulsant over those produced by another, 

mainly because mO,st epileptics studied were control,e? with multi-drug as opposed 

to single-drug regimen~~ Si!,1ce the in~ividual types \ ~'f anticonvulsant metfications 

control epilepsy by different mechanisms of action, and since they consequently 
\ . 

have different side effects, one would suspect that these pharmacologically related 

but distinct medications would. not necessarily exert the same side effects on bbne 

and mineraI metabolism. Yet~ it seems that the majority of the clinical reviews 

have ignored this fundamental obje,ction, an'd ha,ve ascribed the observed bioche-. 
mica! abnormalities in treated epileptics to "anticonvulsant medication", although 

many different types of anticonvulsants were administered singly or in combination. 
-

Furthermore; since a wide variety of drugs (including aspirin) are known to "be. 

hepatic mixed function o,xidase inducers, it is not unreasonable to suspect that part 

of the observed alterations in vltamin D metabolism in this group of patients (who 

often received other medication for the treatment. of concurrent illnesses) could 

. have as weU been effected by other drugs taken cODcomitantly. 
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Final1y, one must point out the often overlooked influence of dietary· 

tnacronutrient composition on hepatic microsomal enzyme activity (Alvares et al., 

1976), a factor which applies to many instÏtutionalized and many but-patient 

epileptics receiving anticonvulsant trea~ment. Indeed, since many of these epilep­

tics are unable or unwilling to ingest a balanced diet on account of deb ility , 
, ' 

associated, chronic illnesses, impairment of deglutition or because of associated' 

organic brain lesions causing behavioural changes, or since many epiJeptics unfortu­

nately are not fed a bahmced nutr.itious diet, one must take into account in these 

individuals the marked influence of an unbalanced 10w protéin/high carbohydraote , 

diet on hepatic microsomal enzyme activity and thus on the plasma elimination 
• l ' 

rates of vitamin D metabolites. In this respect, it wou Id be possible to observè 

by virtue of the 

droxylase system ( 

, 

ese individuals, especiaUy in vitamin D-deficient states, 

rent kinetics of the anticonvulsant-induced calciferol-25-hy-

In contrast to most of the published clinical and experimental studles in 

which ~ t~sue diagnosis of r osteomalacia was made, in this anima' model osteo­

malacia was not ot5krve9 ~ either the long bones or, in the plaques of induced 
/ 

endochondral bone of, the PB_ rats. Once aga in, one can account for the present 
-

results by the adequate vitamin D, alciu,," and phosphorus dietary contents which 

were effective in preventing this, pro 
1 

In comparing these histolo ic results with those of other studies, it is 

important to draw attention to the errent histological definition of osteomalacia 

.which relies very much on histomorph metric data (Frame an~ Parfit:t, 1978). In the 

context of metabolic bone diseases, istomorphometric analysis of bone samples 

following in labeling offers a unique opportunity to r· 

elucidate the mode of interference b a pathogenetic factor with the remodeling 

§ystem (Jaworski, 1976). In a state situation with regard to osteoid 
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thickness, the rate of apposition of osteàid equals the rate of mineralization; any , , . , 
systematic ch~nge in this proportion will result in a disappearance or an accumula-

tion of unmineralized bone. This assumptio~ makes it possible to calculate the 

mineralization lag time or the time interval between apposition and subsequent 

mineralization of osteoid. This-measurement is a characteristi'c feature of different , 

" . metabolic bone diseases, and the chang~s thus ol;lserved in the me~ width of osteoid 

seams may be explained by variations in' ca)cification rate of osteoid and in .the 
, 

mineralization lag time (Melsen et al., 1980). 

Osteomalada can thus be defined as a metabolic bone disease linked to 

many disease conditions in which there is a defect in the mineralization of thé 
, { 

preosseous matrix of mature lamellar bone, leading to an accumulation of non-min-

eralized or poorly rnfneralized osteoid over the surfaces of both compact cortical 

and spongy trabecular bone. This histologic:a1 picture results from' an uncoupling 

between the rates of bone matrix syn~hesis and mineralization, 50 that osteoid 

seams increase slowly in thickness, or there is ~arked delay in the onset of 

minerallzation (mineralization lag time) because of a disturbance of matrix matura:-

tion (Frame and Parf~tt, 1978). 

It is important to stress that the observation of wide osteoid seams is nof' 

necessarily synonymous with osteoll1alacia, as wide osteoid seams are seen in high 

bone turhover states, such'as Paget's disease (Meunier, 1975), uremicosteitis fibrosa 

(Sherrard et a'l., 1974), and -primary hyperp~rathyroidism (Melsen and ~sekilde, 

1980) which are conditions in which the calcification rates are prop tionally 
, " 

prolonged such that mineralization lag times remain normal. 

Unfortunately, most of the avai~able histological proof of osteomalada 

associateèf with antkonvulsants has simp'ly consisted of observations of wide 

unmineralized osteoid seams (Dent et al., 1970; Teotia and Teotia, 1973; ViUaraele 
J \ 

et, al., 1978; Lidgren et ~l., 1979; Johnell' et al., 1979; Eastwood et al., 1980). This 
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information Is thus incomplete, according to curren~tjt~tjve methods of tiss";' 

eOSiS of metabolic bone diseases. '. ./ 

, On the other hand, the histologicaJ results .of thls experiment are ~ 

agreemeht with the ,ones presented by Melsen and MosekHde (I980) in which a 

normal mineralization lag time was ca1culated in bone tissue obtained from 20 
i\ 'f 

epileptics receiving an average of 294 IU/day of vitamin D and maintained 01"1' 

diphe~ylhydantoin° aJone 9r in cembination with other ~onvuisants for at Jeast 10 

years. Therefore, in this c1inical study and in the present animal mode l, no evidence. 
fIi. 

of uncoupling between bone matrix synthesis' and mineralization was detected using 

histomorphometric methods. It is important to stress that normal nutritional 

circumstances prevaiJed in both studies, and in particular vitamin D, calcium and 

phosphorus dietary contents were adequate. 

, The data' obtained here complement results fram ether investigations 

'" pertaining to this i11usive syndrome, and also support the few published s,tudles 

advocating views opposing the mainstreàm of opinions on this matter. From this 

work and from the available literature, it is possible ItO formulate an explanation of 

the mechanisms involved in producing the biochemical and histoJogical features' of 

phenobarbital-induced "osteomalacia": f 

The mechanism inv-Olved in pheno,barbital-induced modifications of vitamin 

D metabolism in humans at the hepatic Jevel are still poody defined and of unknown 

c1inical tgnificance. Mu~h of, the available lnformation stems from in vitro work 

, (Hahn et al., 1972a; DeJvin et al., 1980) and thus Is difficult 1:0 extrapolate. to man. 
, 

Chronic phenobarbital treatment may be associated with mild lowering of serum 

calcium or phosphorus levels, but there exists no evidence indicating a direct 

phenobarbital-induced malabsorptien of calcium or of impaired mobilization 'of 

miner~l at the Jt1ssue level (Melsen et al., 1980); it 15 suggested that other causes of , 
~ypoca1cemia should be investigated in epi1eptics lIi,th mild or severe hypoca1cemia. . .. 
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However, in individual receiving chronic diphenylhydantoin therapy, hypoca1cemia 

may be the result of, impaired intestinal calcium absorption (Sha1er and Nuttall, 

1975); the in vitro wor~ of Hàhn et al. (1978) a1so suggests a diphenylhydan­

toin-induced hypoca1cemia related to impairedo PTH-mediated mobilization of 

mineraI. 

The osseous response to chrol)ic phenobarbital treatment might differ from 

) that to 10'og term diphenylhydantoin the~apy. If clietary vitam in D and sunlight ' 

exposure are adequate, no bone tissue c~anges of osteomalacia are likely tô develop 

with prolonge~ use of either anticonvulsant. When, in individuals receivin~ long 

term diphenylhydantoin, vitamin D input and sunlight exposure are not sufficient to 

main tain adequate concentration of active vitamin D metabolite, then histologieal 

chi:lnges ,diagnostic of osteomalacia and of secondary hyperparathyroidism (Melsen et 

al., 1976) might predominate; it is surmised that an analogous situation might take 
, 

place in patients maintained on long terrn phenobarbital medicatio~. Ttie severity of 

these osseous changes, either in the vitamin D depleted o~ in the Ylttamin 0 repleted 

individual~, are also ~ffe~ted by the presence or absence of any of ttt:iSk factors 

associated with the pathogenesis of the syndrome. 

Sone denslty in epileptics receiving antic;onvulsants may be reduced by a 

variable amount, b,Ut this is more likely to be altered as a result of decreased 
/ 

physical activi:ty' and strength, or because of concomitant disease such as osteopo-

rosis. , L 
, 

Due to the lack" of histological evidence of Ôsteomalacia in the m,jority of 
" , 

phenobar,tital-treated épileptks, it-does not seen appropriate to label the syndrome . 
as "osteomalacia". Bone tissue changes oi osteomalacia are' likely to occùr only in 

, , 
, individuals who are marginally deficient in vltamin D. Finally, vitam in D in the diet 

should be sufficient or an appropriate supplement should be added (Hahn, J980) in' 
• 

order to minimize the biochemical changes observed in $Orne epileptiés 'receiving 

anticonvulsant medicatioti. 

-
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CONCLUSIONS 

It was concluded from this study that; 

1. Chronic phenobarbital administ~ation· does not indu ce o,steomaIacia in thé 

vitamin D.:repIéted rat. 

2. Chronic phenobarbital administration'has no effect on the processes of induced 

endochondral bone formaiton and metaphy~àl bone remoaeling. 

3.' Lor;tg term phenobarbital administration does not·appear ta alter the vitamin D 

4"'.; 

1 

activation pathway. 
( 

Osteomalacia observed in humans' maintained on chronic ph~nobarbitaJ therapy 

is muJtIfactorial and qepends largely on dietary calcium~ phosphorus ând 

vitamin D availabi.lity. 
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