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INTRODUCTION
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1.1 LATHYRISH

,1 1:1 Historical Background ) _ .

Lathyrism is a nutritional disease produced as a méult of
e
ingestion of, certd.ln plants oI legunlnacae tam.ly or; thr_lr toxm.
* N
constltuents by many animals includirlg ‘man. The 1es:.ogs thu::.

produced are ma.lnly skéletal and neurological. ' The history ot

AN

deleterlus 1(.:.10ns produced by sweet peas in huna.ns, goes back |

to ancient times. Hippocrates described these etffects as "All.

~ x : \
* the men.who ate Swect speas. became impotent in legs'. The term

Lathyrism, wis introd.uced by Cantani (1874) in Italy who attri-

"'buted the:;e cticcts to, somc nutritional. tuctoi/ Schuchardt

(1885) . was the first to .review the literature and” describe the

neurologlcal les:.on:s produced by Lathyrus sat:.vus (Kesri Dd.l) 1n"'

India.. There arc many, report:: ot epldemcs of lathyrism from
'I‘ranCe. .Indla. Russia, Spain and Syrla.. All of these coincided
with famine situations due to wheat crop.failures and ‘consump-
tion of sweet peas as a staple ingrédﬁent'of human diet. Apart
from L. sativus .(chick peas), both-L. cicera (flat podded wvelch)
gnd L. c‘il@. num (Spanish velching) h;ive been implicated in thiﬁ

nutriti 1 cpndition. These three Speci_es are relatively non-

.toxic< other animz_ils.‘ Another s_pecies (L. latifolusg) however
" produc :sf_ neurologica.l syrptons in rats which ' resembled “human

1&thyrlsn (Llener 1966) -

The rats ch Wlth L. odoratus (Sweet pn.as), L. pusillus

(éingletary peas)_, or L. hlI‘SUtUS ((.aley peas) develop murked

ay

o .
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skeletal detormities that were quite ditferent-in symptoma.tology

from human lathyrisn.

1.1.2 Isolation of toxic factor from sweet pea secds

The Isolation of the active principle in purified form,
cis.pa.ble of Aproducing the ssl(mptoms ot o_steolathyrism was 1irst
reported by Dupuy and Lee “n 1954 from L. pusillus. Soon atter
the lathyrogen was also isolated trom sweet peas (Dasler 1954,
Mckay et al., 1954).

The chémical structure of the toxic agent as B {N=y-L-glut-

aryl) amino propionitrile was determined by Schilling and Strong

(1954, 1955). Further investigation discovered that the
"Y-glutamyi por:cio"n of the molecule did not ha:fc any latﬁyr‘itic
activity and that' it was the B-aminopropionitrile’ segment.
comonly abbreviated as B-APN, which was responsible for the
this deliterious cffects on bones (l-DonSeti and Shebhard, 1454,
Daslor. 1954, 1954, ‘Hachuber et al., 1985, Wowzonek et al.,

" 1955).

1.1.3 Physico chemical Properties of the lathyritic factor °

B-APN is a white, odourless, érystalline powder with a
melting point 172° - 173°C and progﬂuced for the first time by
Abbotts of Nortn Chicago, I1l., U.5.A. as B-APN fumaratc. It is
water _solubule and crystullizes with 80% cthanol and is stable
a4t room tempér‘c_i,ture.

Chemical k‘omglu of B=APN is
NC. CHyCHpCHy.3  CHOUOH

CHCOOH
with & molecular weight of 128.2.

~

aaAb T,
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1.1.4 Metabolism of B-AP

When 14C labelled B-APN 1s given to rats abodt 80-90%

oI the totul administered activity appears in urine within 24

hours. Of this about 40% is unchanged and is cxcreted as B-APN.

while another 25-30% is eliminated as cyanoacetic acid (Lalich,
: .o . ..
1958). A high level of radioactivity is also seen in various

orga'ns such as liver and epiphyseal plate cartilage (Ponseti et
al., 1956). o o

Lalich in ljéb reparted that'tﬁe detoxitfication of B-APN

: f

involves &n amine ?@9. Kulonen in 1961 reported that’ the
. amino group of B=APN is essential i‘or its activity and conI;i.rmL>d
carlicr findings ot Lalich, (l4958) that the 'detoxn'ica.tion inv-
olved deamination. Pdrglylin&Hgl_. ;m inhibitor of the _eNnZyTes
monounine oxidase, blocked the detoxificati.on ot B—APN and also
reduced the disappearance ot the lathyrogen from the  body

(Keiser et al., 1967).

1.1.5 Luthyrogéns as Teratogens

The rirst Teratogenic etfects or. the lathyrogons woere re—

-ported by Tourney ct al., (1v43). They described the resorption
t

of rat fetuses in. mothers feeding on L. odoratus. Sinee then

many investigators have studied the teratological cotfects .of

sweol peus in mammals (Stamler, 1955; Writschafter and Williams,
1957, Telford et al., 1962; Kecler et al., 1Y67; lueY, Stetfek,
1060, ahd Frertek and lendrickx, 1971, Barrow, 1971; Steffek ot

al., 1971;Barrow and Steffek, 1974).
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A majority of thesc teratological studies have been con-
ducted on rats (Herd and Orbison, 196G, Barrow, 1971, Steffek et

al., 1471. Pratt and King.«_’f 1972 Barrow and Steffck, 1974, Mato
/ . T - :
et al.. 1975) and thé mdst commonly produced abnormulities in

fetuses trom mothers treatudnyith 1athyfogens during pregnancy

arc clett palate (Writschafter and Williams, 1957; Herd and
[ -

O_rbison, 1966, Abramovich and Devoto,  1Y967,. Steffek et al:,

| ——

1971, Pratt and King, 1972 Matto ot 'al., 1975, Walker, 1975,

Diewart, 1980), ectocardia and gastroschisis (Barrow, 1971]
Barrow and Steftfek, 1974), and osteopathologies (Ferm, 1960).

The period of active orgunogenesis s the critical period

) -
and most ot the teratogens act during: this period to produce the

various abnormulities. As the period of active organogencesis

pusses the susceptibility of the ombryos to teratogens decreuascs

(Wilson, 1973). Barrow and Stetfek, (1974) have described B-ARN-

as not & typical teratogen capable of causing malformation in
early oOrganogonesis. Their findings are in agreement with
carlier reports that lathyrogen-induced teratogenic effects, in

“~
) . .
rat and mouse, occur relatively late in gestation (Herd and

_ Orbison, 1966, Steffek ct al.y 1971).

'-wﬁiley and Joneja, (1976) conducted a comprehensive study ‘on
'I‘eratogenic eftfects of B=-APN (active principle of L. odoratus)
in Golden Syrian Himster and concluded that B-APN is a truc ter-

atogen in this specles. B-APN, as an active teratogen, has also

becn shown effective in some avian specles (Rosenberg, 1957,

A
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Zachin and Goldhaber, 1959, Cameron, 62 a, b, Hall, 1972). It g
has ‘also been shown that different animal specics have variable -
sensitivity to L. odoratus (Barrow'ef al., 1974).

1.1.6 Osteolathyrism and Neurolathyrism

These terms were coined by Hans Sclye, (1957) to describe
the effects ot a dict contailning peas of thé genus Lathyrus on
OSSeoUs ;nd nervous tissue respectively- ‘ . .

About two and a halr‘decades betore Selye introduced thesc
terms, Geiger ot al.. (1933) had described the cffects of sweet
peas (L. odoratus) on bones. They observed lower bone ash con-—
tonts, abnormal spinal curvatures. sternal detformities, enlarge—
ment of costochondral junctions and curved bones. These find-
ings were contfirmed subsequently by Bumerous other authors-
(Lewis et al., 1948; Ponseti and Shepurd, 1954, Selye, 1957,
Menzics and Mills, 1957, Tanzer, 1965, Aleco, 1969, Selyce,
1970). ‘ . ’

Other chunges produced by B-APN on the skeletal systemn are

looscning and detatchment  of tendinous and  ligwwntous

insertions, widening and extensive disruptiﬂg ot the cpiphyseal
plates, detachhcnt of tibial tuborosity, subluxation and

dislocation of shoulder joint, diastasis of sacroiliac joints,
degenefation of intervertebral discs and disc herniation
(Ponseti and Shepard, 1054). To this list of abnormalitics

produced by sweet peas were added dissecting ancurism by Ponseti

and Baird, (1952).
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As mentioned cvarlier the active principl‘e for osteolathy-
rism was shown to be B-A};N. However there .are other lathyrogens
that produce similar ostwput.holggies. These canppunds are
amino-—ac:etonitr‘ile (Aan), D-Pencillamine (Pen), semicarbazide

"(Se). and cystamine °dihydrochloride.  The mchanism\QL,thej.r

- r

. o . . /
action.on collagen, however, differs from that of B-APN_as well

as from cach other. - .
= .

Neur‘oluthyrisn'-is character;aed by V;relat'i'vely seute  onset
of weakness in the legs preceded by pain and parasthesias
(Paissos and Domopoulus, 1962, Gardner and Sakiewich, 1U63).
The cnd result is a perminent spastic paraplegia of the Jower
extremnitlies ch,ar‘uctemséd by increuscd ruscular tonus, increu&rd
deep tendon reflexes, a positive Bubinski sign, and absence of
nerve regeneration. t The lzfihyroguns producing these neurologil-

-

cal symptons do not contain B=APN und are L. latifolius, L.

sutivus and L. cicera. Heesler et al., (1Usl) and Bell, (lu62)

" have isolated L-, y-=diamonobutyric acid as the active agent of
L. sativus. (Adiga ep al., 1963, Mutri et al., 1964, Rao ot

al., 1964). However the mechanism of their action in producing

neurolathyrism is still obscure (Barrow et al., 1974).

-



1.2 Mechanism of Action of Osteolathyrogen

Soon after the demonstration by Dasler (1954) that B-APN
affected the tisswpf with high _collagen and elastin contents. an
oxtensive search began to find the mechanism of action ot the

toxic agent.

~1.2.1 Effects on Collagen and Elastin

Martin et al.. in 1961 rcported that B-APN inhibits the
inter and inira ﬁuluculéf-gépss llnkagcs'bI collagen during the
extra celliular maturation of collagen fibrils. Page and Benditt
.in 1967, attributed this cfrect of B—AQN to its inhibition of
the enzyme lysyl .oxidase, which 1is responsible tor the initial
step ;n both collagen and elastin fibre rormat;on. The oxida-
tive deamination of peptide bound lysinc and hydroxylysine rosif
ducs in the- tropo collagen noleculg is nédiated by lysyl oxi-

[

dasc. This 'oxidative deumination results in the tormation ol

z -sumi#ldehyhe ol L-amino ‘adipic acid (allysine), and the

T —hydroxy, I -semialdehyde of L-amino adipic acid (hydroxyly-
sinc) (Barrow et al., 1974). Aldol type cross-links ftongation
is the next step and the product is known us Aldol Condensation
Product (ACP) (Rojkind ct al., 19%8). Thesc links tormed by
condensafion ot aldehydes or -between aldehydes and Z =NHy
groups of lysyl or hydroxylysyl residucs result in the formation
oL aldikunc type of cross 1links.

" In the casc of élastin algo B-APN inhibits the oxidative

deaminiation in a similar fashion (Puge und Benditt, 1967).



Thc_; formation of thesc cross links 1s dependent on initial
deumination mediated by lysyl Qxidase. This is & critical step
in the rormation of aldehydes a.n'd subsequent production of cross
links. As the ability of collager']’ and elastin to act &as a major
structziral component ot many tissues is dependent upon the-se
covalent cross links (Peacock, 1966Y the B-APN inhibition oOf
en/,yn, lysyl oxidasc undermines the . structural integrity ol
¢collagen. 'i‘he collugen  thus lproducc:d is wvery deficient in
tensile strength (Barrow et al., 1974).

The mechanism of action of all lat}.lyrogensr on collagen 1s
not throﬁgh inhibition of enzymc lysy-l oxidase. U-pencillamine
acts by for'min;z.' complexes with pretormed aldehyde groups and
thus preventing the formation of Aldel Condensation Product
(Deshmukh and Nimni, 1969, Pinnel et al., 1068; Gallop and Paz,
1U75).

1.2.2 Effects on CLartilage

As the collagen is_a major constituent ol cartilage the
offects of lathyrogens were also studicd in this tissue. Most

of the investigators agreed  with  the cross link detfect
h

nypothesis.  The major changes under B-APN influcnce were

-reduction in total number of collagen fibrils (Follis and
rousimis, 1US8) and their mean diameter (Matukus et al., 1968,
Wiley é.nd Jonej#, 1976). The vacuolization of chondroblast
Imitochondria ‘was the most prominent celluiar cf_fcct of B-APN

described by Wilcy and Joncja, (1978).



Y

A

AN

1.2.3 Effects-on Bone

Though it was known since 1033 (Geiger et al., 1933) that
B-APN produces changes in bony structures, the. internal changes

n bone produced by. B-APN were obsure. The similarity of exper—

imentally  induced ostéolathyrism  to Legg-Calvé-Perthe,

discusc, Paget's diseuse, adolescent kyphosis, and certaln

idiopathic skeletal abnormalities led many investigators to.

begin a4 scarch for the mechanism underlying the osteolathyritic
detect (Ponscti and Shepard, 1954). High content of collagen in

hone wds 4 mijor reason that rmost of the studies concentrated on

" . the fibrillar component of the bone and the cartilage mairix,

(Matukas et al., 19672 Wiley and Joneja, 1976) -

The: covilent Cross links of collagen werc considered o

-

prerequisite tor collagen tibrils to attract mineral in bone
(Mills and Bavetta, 1968, Av1§li, 1973). . Barrow ot al., (1974)
as a result ot exTensive review ot carlier work as wcll as on
the basis of their own  tindings concluded that most  of the
ostuopathologies'produced by B-APN were duc to its inhibition ot
inter- and inﬁra molecular cross linkages in collagen.

Many workers }nvestigated the ettect Of B—APN on the
non-collagenous component of connective tissuc mitrix. There
appears to be a major contlict between these reports, Some

contending that the component  1NCredsces with B-APN treatment

(Churchall ot al.. 1955, Menzies and Mills, 1us?,; writsqhatter,

1957, Gillman and Hathorn, 1958, Belanger, 1958, Biockely and
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al., 1957, Rampurti and Taylor, 1958, Karnovsky and novsky,
1961, Kennedy and Kennedy, 1962; Shintani and Taylorg 1962 a, b;
vanden Hoot, 1963, Picard et al., 1966, Reddi and Sullivan,
1979)'.

There have also been some reportis on cellular toxicity' ot
B-APN on adult tissues. These chuanges includ;é degeneration. ot
osteoblasts (Clermons, 1937). retrogressive changes in ribro-
cytes (basler and Milliser, 1957), cytoplasnmic vac&olization ot
tibroblasts in vitro (Levene, 1Y66) Chromatolysis (Wirtschatter,
1057) and vacuolizuation of chondrocyte mitochondria (Wiley and

Joneja, 1976). in a physiological study dJuva et al., 1959,

demonstrated that B—)}LPN_ depresses the consumption of Oy Dby

liver and cartilage slices in vitro.

Ny
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1.3 BONE AS A TISSUE

1.3.1 Bone Cells and Bone Matrix

Bone is a higly specialized form of connective tissue where
_the orgunic matrix is highly mineralized. The latter is largely
composed of calcium and phOSpllmte as apatite crysta.l_s together
with small mounts of other inorganic elements.

;ﬂone has two ruin types of cells, formative cells and res-
orptive cells. The precurso-r of formative cells are unditfferen-—
tiated mesenchymal cells, the osteogenic cells, which line the
decvpest layers ot per'iostew:.l. The oSteogenic cells ditfferent-
iate to form bone I‘ormir;g cells, the osteoblasts (kember, 15)6(_),
&oung, 1962, 1963, 1us4, Owen, 1963, '65, ‘s7, '70, '7l; Owen
and Macpﬁerson, 1963, Bingham et al., “1Ubl). The osteoblasts
torm a complete covering over all the bone surtaces. They con-
trol the movement of calcium and phosphate betwee; the boné and
the blood (sce later page no. 18). They synthesize and secrete
ulllthc organic components of the matrix that includes collagen

)/ '(/C-;lrneiro' and Leblond, 1959) and protein—polysacchurj:de complex—
/,aJ/ es (Lea and Vaughan, 1957, Leblond and Weinstock, 1957, Owen and
Shelter, 1968). The ultrastructure of osteoblasts present the
Eicturc of a cell which is very actively sﬁnthesizing.protcins

and glycoproteins, with a very wéll defined cndoplasmic retic-

ulum and golgi apparatus (Jande and Belanger, 1971, 1973, Jande,

1972). . : ' i -

There is an increasing hody of evidence that osteoblasts
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of osteoclasts has been extensively studied (\_

12.

are also involved in the calcificaﬁion of matrix they themselves
synthesize (Bernard and Pease,, 1969; Bonucci, 1971, Matthews ct
2l., 1971, Andersonh and Reyriolds, 1973). As the .osteoblasts
form matrix they become enclosed in lacunae, and become osteo-
cytes. Bélanger, (1971) has  described them as imprisioned
osteoblasts. Various stages in the life cycler of an osteocyte
are well documented (Jande and Bcl.anger, 1971, 1973). There are
indications that osteocytes ure metabolically active at least in
their,mltiai ‘.lit'e (Young, 1962, Owen, 1963; Jande, 1972, dJande
and Belanger, 19"73). .

The second group of cellswhich are resorptive in tfunction
are -known as ostéoclasts. These are very large rultinucleated
cells, very rich |in hydrolytic cnzymes like acid phosphatase
(Han und Cormack, 1Y79). By very ingenious experiments (Walker,
1975) it hus been cstablished that they are derived from the
monocvie line of cells in the ,bc')nc': MUTTOW. e fine structure

Zﬁeron, 972, Doty
ot al., 1972; Luk et al., 1974, King ct al., 1Y78).

The organic component rmukes about 30% of total bone matrix
(Eastoe, 1956). Its major constituent is the fibrous protein,
collagéh (Glimcher and Krane, 1U88) which is very rick; in gly-
cine and proline {(Undenfriend, iE_)b‘b‘). The non-collageous compo-
nent of organic bone mtrix include glycoproteins (lerring,
1972, Ashton et al., 1973), bone sialoprotein (BSP) (Andrew and

Herring, 1965), albumin (Owen und Triffite, 1972, Owen  and

'™

. - I
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Melick, 1973) and lipids (Wuthier a.n'd Irving, 1964; Wuthier,
1966, 1968; Wuthier and Shapiro, 1966).

1.3.2 Inorganic Components of Bone

Seventy percent of the bone matrix is tformed by inorganic
salts. Hydroxyapatﬂite (wdodard, 1962, kanes and Posner, 1965),
and amorphous calcium phosphate (Robinson and Watson, 1955,
Hancox gnd Boothroyd, 1966, Harper and Posner, 1966, Termine and
Posner, 1966) are thf rujor éonstituents of the inorganic part
of bone ma@fi.x. Other const-iwents in smaller - amounts are
fluoride (Zibkin et al., 1963), sodium (Davies et- al., 1952),
potassium (Triffitt et al., 1968), magnesium (Foster, 1968),
strontium (B&nnit, 1972), citrate (Dixon and Perkins, 1952) and

. some other trace elements.

1.3.3 Mincralization bf Bone

The organic matrix formed by the osteoblasts undergoes
mineralization. The detuils of mechanism ol the mineralization
are not agreed uponf? all researchers. The tollowing theorics
present various diverse view poinls.

(1) Direct Deposition Theory ) 5

The collagen as&\\tembl\urﬁq‘for nidation ot -miner‘alizlztj.on
, .‘ , L

was the prime target of\cau'(y researchers of mineralization

procesé. The indirect evidence concerning the relationship of
—‘—/’) ‘ -
bone the mineral to collagen fibrils of the mtrix came from a

"‘pola.rizing light microscopic study which showed that mineral.

-

phase in calcified tissuc is very highly organized

~/

FRRNTL e
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Rouiller, 61956) suggested a similarity of organization between

the collagen fibrils and'the inorganic mineral phase. Similar
.\ 1 4

results were obtalned by x—ray dlifractlon studles {Glincher,

1959; Glimcher et al., 1965). With the advent of transmission
electronmicroscopy (TEM) many researchers attempted to‘visﬁélize
the relationship between organic matrix and inorganic mineral
phase of the bone. The observation of TEM showed direct rela-
tionship"of minerals with the collagen -fibrils of the bone
matrix iﬁ different spgciesr(Fitton—Jackson, 1957¥ Hob}nson and
Watson, 1952, 1965; Cooper et al., 1966). A close -relationship
of runerals and periodicity of collagen ribrils ( 700"A) has
also. been cited as evidence Ior intimate association of the
inorganic raterial and collagen tibrils (Robinson, 1952, 190355).
Boyd, (1972) with the help of scanning electronmicroscopy showed
that a major: portion of the inorganic phase of the bone lies

within the collagen fibres.

2z .
The studies by Glimcher and his associate% were based upon

-

'the assunptions that:
(1) Collageﬁ in tissues which do not normally mineralize is
prevented‘fran reacting with calcium and phosphate icns by
polysaccharides.

{1i) in vitro calcification of tendon collagen is\g9mp£fab1e to
ca1c111cat10n of bone collagen which in vivo is complexed with .

lipo=proteins, proteln-polySdccharldeb, protein-protein

complexes, salt and water coupled with basic assumption that

-
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; Kfpllagen acts as a ppéleation substrate for the formation of -
apatite crystals tGlimcher aha,Krane, 1368): A set of cross-
linkag?s associated with hexose.and ester phosphate groups, werc
considered the localizing factor (Veis and Schlueter, 1964;
Krané ‘et al., 1965). The cross linkages wcre éeSCﬁibed as
preufequisitiesd for collagen fibrils to become mineralizéd
(Mills and Bavetta, 1968, Avioli, 1973). The theqry of collagen
as arnidation site for_minerals lost support when the direct
evidence received }3xml;;;ansmission electronmicroscopy in its
favour waé challenged. Many .investigators on the basis of
improved technique showed that deposits of the so—caiieq mineral
crystals on coliagen tibrils shown by Fitton=Jackson, (1957)/
were iﬁ'reality artefacts (Dudley'ana Spiro, 1961, Decker, 1966;
Bernard and Pease, 1965)).\ Boyd (1572) himself admits Chat
a certain percentage of thd- rineral phaée ‘is in between- thé
collagen fibrils and not enti ely inglde the: éollagéﬁ fibrils.
Urist, (1976) has described the relationship ot collagen fibriis
with‘minerals as one in which collageh fibrils are not the cause
of mineral deposit in bone but the arrangement is the result .of
a process of mineral deposits on and around the collagen fibrils,
because of some other_factors. The contention_ that the collagen
fibrils are the initiating site tor the mineralization was turther
challengud-when the apatite crystals in the osteoid and cartiiage

were demonstrated to be not inside -or on collagen fibrils but rather

4
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inside‘nembrane bound vesicular structures, the matrix vesicles.
(Anderson, 1967, Bonucei, 1969; Bernard and® Pease, 1969,
Bonuceci, 1971).

(i) Matrix Vesicle Theory .

Much'recentievidence points towards the osteoblas}s,playing
a mjor role ;; miﬁéral}zation of bone matrix. Since Anderson,
(1967) and Bonucci, (l967), first described matrix vesicles in
calcifying cartilage, it has been found that Fhese vesicles  are
also presént in the bone at the site of first mineral deposits
(Bernard and ?ease, 1969, Bonucci, 1971, Anderson, 1973).

The matrix -vesiéles are trilaminar membranous vesicular
strucfures of 300 A" to 1 uM 1n‘ diameter (Anderson, 1Y76).
These vesicles originate by pinching off from the distal
portions of microvilli like proéesses ot célls in calcitying
tissugs. In the cartilage they originate from hypertrophic
chondrocytes and are present in groups inside ,the matrix. In
the bone, theg originate from.osteoblaéts and arec present in the
ésteoid matrix. They are also present inm smaller numbers around
young osteocytes (Anderson, 1967, 1969, "Bonucci, .1967',_ 1971,
Andcrsoh et al., 1970; Glauert and Mayo, 1973, Rabinovitch,

1974, Ornoy et al., 1980). 'The presence of certain enzymes like

alkaliné'phosphatase and ATPase, a characteristic ot osteoblast

¢

and chondroblast membranes, in the membranes of matrix vesicles:

further substanti

1971). Matrix vesicles hape been shown 10 contain lipids (Peres

hove claim (Matsuzawa and Anderson, .
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o

et al.. 1971, 1974, Wuthier, 1973), neutral polysaccharides
(Bonucci, 1970), and ?Qppboﬂs calcium (Anderson et al., 1970,

Ozawa ‘et .al., 1972, Brighton and Hunt, 1974; Gay and Schraer,

1975; Gay, 1977).
Dodds . (1932) and Schenk et al., (1967), with the help of

light and electronmc_foscopy, have shown that 1ongitudinal

- -

sep@ in ebiphyseal plates undergo calcification while thHe
3 : . . .
tragsverse septa do not .show mineralization.  The conclusive

evideRe for the ih\@lvement of matrix vesicles in the calciti- "
. - E]
cation process wus provided by Anderson, (1969) by demonstrating

the presence of matrix vesicles exclusively in the .longitudinal
/ : .

septae of epiphyseal plates. He further showed ror the first

time with the help of eleétromnicroécope, the presence of

apatite crystals inside the matrix vesicles.

Ali and his associates in thé United Kingdom have turther

‘shown that isolated matrix ves]icles are capable of initiating

calcification in vitro (Ali, 1976).

In the last few yours ;gc}re hus becn a flood of information |
regarding the role ot mtriliJvcsicles in 1nitizl mineralization.
With the help of TEM, SEM and biochemical studies on healing_
alveclar bone sockets of dogs, it ha,s. been shown that patrix
vesicles are involved in the initial mineralization (Sela et
al., 197&;‘, Sela and Bab, 1979). Similar reéults huve Dbeen

reported  in caleitying human tendon by Sarkar and Uhtort,

( (14978); in rat bone (Urnoy ct al., 1980), in epiphyseai plates
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(Levy et al., 1980), and woven bone (Martino et al., 1979).
According to Anderson (1973) the mineralization, in matrix
vesicles, takes place in two phases. In the first phase calcium

is concentrated into matrix vesicles by virture of a lipid-cal-

cium interaction and possibly by active transport of calcium

jons across the vesicular rembrane. The phosphate accumulates
within and at the surfaces of matrix vesicles through the
enzymgtic hydrolysis ot phosphate estefs. The accumulated
phosphate reacts with locally increased calcium to form apatite.
This'sequence of events is also supported by Ali (1977). buring
the second phase .the initially tormed apatite crystals become
exposed'to extra vesicular cartilage or bone ratrix fluid by
rupturing ot vesicular membrane  {Anderson, 1Y76). These
crystals thus formed'prol;ferate becausc khe cartilage and bone

matrix fluids under physiological conditions are saturated with

respect to apatite crystals (Howell et al., 1978). It is in the.

second phase>‘wheré the mutrix factors such as protecglycans,
collagen,  concentration  of Ca*?  and Y, and  the
hydrolysis of PPi would be cxpected to intluence the rate ot

mineral proliferation (Anderson, 1976).

1.3.4 Bone Membranc
All the bone surfaces are known to b lined by a layer of

cells of the osteoblasts famly (Howard, 1959, Baud 1968,

Vitalli, 1968). Newman and his assoclates were th& first to °

cive a detinitive evidence thut the bone surtaces arc lined by a
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continuous layer qf cells which separates the boné fluid com—
partment fran-primary extracellular fluid coméartment {Terepka
ot al.. 1968, Triffitt et al., 1u68, Canag et al., 1969, Geisler
‘and Newman, 1969, Newman and MulryaQ; 1969). On the basis of
his studies with perathormone and. thyrocalcitonin on the move-
ment of calcium ions necessary to raintain plasma.calcium level,
Talmage and his associates have postulated thag alyithe bone
surfuces are lined by osteoblasts, anatomically arranged so s
fo form & membrane whose fq?emion is to facilitate the movement
of calcium to and Tfrom bone surfaéc (Talmage, 1969, 1970,
Talmage ct al., 1970Y. Doty and Robinson (1970) have ascribe;:i_a_

specific rode 1o osteoblagts of this bone membrane 1n
\ .

mineralization ot the bone matrix. In a detailed perontological

. study it has been shown that the integrity of this bone membrane

is very critical to the normal accretion and resorption process

which is under cellular control (Tonna, 1978).

1.3.5 Enzymes Related to Bone Mineralization '

(i) Alkaline Phosphatuse

This is an enzyme which has a wide spread dist?ibution and
‘hydrolyzes the glyccrophosphate and other monoesters of phos—
nhoric acid at an alkaline pi. It is found in large quantities

in bone, kidney and intestinc.
Since Robinson (19235 supgested a role tfor alkaline phos--
phatase in the process of mineralization of bone, it has been a

topic of discusslon in numerous research corrunications (Robinson,

-



,/1923, Bourné, 1944, Lorch, 19‘49; Johnson, 1950; Follis, 1950,
Bzucbean, ‘1950, Siffert, 19515 Pritchard, 1952; Tonna, 1958, Ali
et al., 1971, Anderson,. 1973, Meikle, 1974, Anderson,' 1476,
Skillen and Rehbani-Nobar, 1980}). Thére are two main views
about its role in the bone metabolism.  Some workers believe
that its presence at the sites oI mineralizatidn is not a
signific:_a_nt progt ot its involvement 1in the process of
mineralization (Siffert, M); Strates ot al., 1971, Firschein
and Urist, 1971, Dixit, 1972, Francis et al., 1973). Others
have suggested a direct role for this enzyme in rineralization
of the bone (Al é‘-t al., 1971; Anderson, 1976, Bernard, 1978;
Bab- et al.. 1979)..

Since discovery of matrix vesicles at the site of initial
mineralization (Anderson, 1967, Bonucel, 1967) and the presence
of alkaline phosphatase in .these vesicles, the consqnsus has
evolved that alkaline phosphatasc.is involved in the prll.%ocess of
mineraliza.tj.on (Anderso‘p, 1976). "Alkaline phosphatas‘e brings
about the hydrolysis of ester phosphates and  thus raises the
concentrat'j_on of phosphatés in mg‘/n vesicles where Catt
has already concentrated as u result ot Catt-lipid inter-
action or active transport of Ca*t into ratrix vesicles”
(Anderson, 1976).

&
(i1) (4** Mg*""-A’l‘P;LSQ |
ATPase is an enzyme which hydrc_)lyzes Adenosine trip-hosphate

into adenosine diphosphate and one molecule of orthophosphate.c

L
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action.

ATPases activated by divalent ions  (Ca™2, Mg t2)y
appear to be important in calcium transport in ua number oI
tissues. Nakamaru et al.; (1u67) showed a Ca*é activated
ATPase in  brain microsomes, which' is related to calcium
transport. Similgr finﬁings were reported by Shami and Radde
(1971) in guirea pig placenta. Calcitication or rineralization
presumably also requires the active transport of calcium, with
AlP as a possible source of energy for the "Calcium pump” (Ali
et al., 1970; Anderson, 1973). Many eurlier investigators have
dcnonsfrated ATPases activity in cartilage and bone although the
enzyme was not well characterlzkd (A11 et al., 1)70 Rodan dnd
Bourret, 1972). There have beon indications that bone Qd++
Met*-ATPasc is actually not a scparate enzyme but it is the
same  alkaline phosphatasc that also possessés the AlPuses
activify (Felix and Fleisch, 1974, Feli;.eand Fleisch, 1Y76).
liowever, Skillen and Ruhbani-Nobar (1U80) have separated and
characterised the alkaline phosphatase and ATPases and concluded
that thesce two enzymes have ditferent properties and_ATPases 1s
dependent upon Ca*t and MgTt. Similar findings have
geen reported in odontoblusts (Granstrom et al., 1977), in bone
(Bab et al., 1979); and in intestinal brush porder (Shcila and
Lawson, 1978).

1.3.6 Acid Phosphatase: [ts Hole in Bone Metabolisga

‘Acid phosphatase is @ hydrolytic enzyme Yontained 1n



" lysosomes and is often used as a marker to identify lysosome in
histochemical studies (Dingle, 1977). It is present in a
variety of cells incliding osteoprogenitor cells (Young, 1962),
osteoblasts and osteocytes (Tonna, 1958, Vaes and Jacques, 1965,
Warner, 1964, Susi et al., 1966; Jande and Grosso, 1975) und
osteoclasts” (Schajowiex and Cabrini, 1957). The presence oI.‘
acid phosphatase 1in osteoclasts and their presence at the sit‘:es
of bone resorption has been shown by earlier investigators
(Burstone, 1960 a, b Hundelman, 1ue4,; Susi ct al., 1Y66). In a
ﬁhysiological study Loty et al., (1Y68) have .shown that thé
level of acid phosphatase goes up in responsc 1o PTH injections
with a concomitant increase in bone resorption.

In clinical conditions such as hyperparathyroidism und
Paget's diseuse, which arc accompanied by increased rescorption,
the a.ctivity of acid phosphatase has beén shown to iLncrease
significantly (K‘lendshoj and Koepl, 194;}; Gutman, 1952). fur-
ther it has been dermonstrated th'at acid phosphatase activity
also incroasesl in the laying hen during the périod of intensive
osteoclastic medullary bone ,resorption which accompanies the
fomatioﬁ of the eggshell (Taylor et al., .1965). In a review
Vaes (19649) has implicaté-d osteoclastic acid phosphatase in the
process of bone ros@rption with the help of other lysosomal
enzynes.

The presence of acid phosphatuse in éélls involved 1n pro-

duction of bone matrix (osteoblasts)-indicates that the enzyme

.
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may' be involved in that process. Its presence has. been shown 1n
the distended'ends ot Golgl saccules and elongated vesicles
(Porter,., 1964; W'e';nstock and Leblond, 1974, Jandc and (rosso, .
1975) 1in aligoment with filaments: The various stebs in
collagen synthesis are well documented (Grant and Prockop,
1972). After hydroxyla;cion of proline and lysine residues 1in kR
the a-chains of protoéollogen are transi‘erred_ to Golgl complex
(Kevel and Hay, 1963; Porter, 1Y64, Weinstock and leblond,
1974 Olson and Prockop, 1974). Betore this muteriul 1is
secreted, 4 substitution of some ot the hydroxy-lysine residues
takes place with glactose or glucosyl galactose (Urant and
Prockop, 1972). It has been shown that carbohydrate material in
association ‘with filamentous r:ﬁteria.l containing labelled
proline, occurs for the first’ tm(. in these Golgl vesicles
(Weiﬁ'stock and Leblond, 1972y. On this basis it has been
suggested that the substitution occurs in the Golpi complex. It
has also been shown that the synthesls of carbohydrate cxmponu.nts
of the glycosaminoglycans, a part of the_ extracelluliir mutrix,
occurs in the Golgi complex, where they are combined with the
proteinic component and’ then secreted (Weinstock, 1972). The
acid phosphatase, occurs 1in vesicles cohtaining- filamentous
material and is present concoinit:;nt with theL alignment of
N lanents (‘Jande and Grosso, 1975). 'l’hé tunction of this
hydrolytic cnzyme isr'not apparent. Aminopeptidase, the cr%zyme

related to the removal of the two ends of the protocollugen
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molecule leading to the formation of the tropocollagen molecule,
N

has been shown to be present in the intercellular matrix. The

presence of acid phosphatase, as & rurker, in the Golgi
vacules, together with the filaments ot protocollagen suggests
the presence of aminopeptidase in these Golgi vacules. Thus,
although the exact role ot acid phosphatase is difficult to
surmise the role for lysosome in bone éollag;en synthesis ray be
as stated above.

From the uabove discussion, it seems .tha.t the acid phos-
phat.a,se in osteoclasts hel;;s to resorb bone while that of the
osteoblasts somewhow plays a hitherto unknown role 1n bone

matrix formation.



1.4 PERIODONTAL LIGAMENT

1.4.1 Histology

The Periodontal Ligament is a dense connective tissue that
surroynds the tooth root.. It connects the latter with the alv-
eolar'bone of the jaw. It is continuous wigh the connective
tissue of gingiva and communicates with the marrow sSpaces
through vascular channels in the alveolar bone. .

The principal component ot the periodontal ' ligament are
collagen arranged in:well detined bundles. The terranal fibres
inserting into bone and cementum are known as Sharpey's fibres.
The fibroblasts. are the major cellulér componenf of the
periodontal ligament' although other types of <cells e.g;
osteoblasts, osteoclasts, cementoblusts and epithelial rests'of

’
Mallassez, are also present.

1.4.2 Hegional Differentiation in Periodontal Ligameﬁ%

Lepending upon the tunction and the Esgixioh, the collagen
fibres are divided into various groups as tollows:

Transseptal group -

These extend interproximally over the alveolar crest and
arc embedded in cementum of adjacent teeth.

Alveolar (Crest group -

These tibres extend obliquely trom the cementum just be-
neath the epithelial attachment to the alveolar crest. ‘Their
function is to counter balance the coronal thrust of the morc

apical fibres, thus helping to retain the tooth within its socket.

‘e
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Horizontal group - .
Broup — _

These fibres extend at right angles to the long axis of "thc

tooth from the cementum to the alveolar bone. Their tunction is
similar to the dne of the alveolar crest group-

Oblique group -

This is the largest group extending obliquely trom cementum
and attaching to the bone mere coronally than their origin.

They arc the main sStress bearers of the rmasticatory 1orces.

+ (Provenza, 1972).

Apical group -

These fibres radiate trom the cementum to the bone at the

. tfundus of the socket and are absent in incomplete roots.

There are some clastic fibres and a few acid resistant

oxytalan fibres. (Glickman, 1972). ' :

-
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1.5 MOH&HOP&TRIC TECHNIQUES FOR STUDIES OF SKELETAL TISSUE

1.5.1 Simple Measurements

-

An assessment of gross changes in bones, under experimental

or pathological conditions, at organ level can ba obtained by

measuring the lengths and weights ot the bones. These para-—
meters may not provide indepth information but -are & good start-
ing point before deciding to investigate an experimental situa-

tion in detail (Garn et al., 1973).

-
-

A simple metﬁod to determine the inorganic contents ot the
bone is bone ashing. This technique can provide the valuable
infomtion‘ on uny alteration in mineral‘ content of bones under
alny experimental or pathological rcor-':a\ition.

.

1.5.2 ‘Ecroradioe:rap@_

The technigue is as old as th(_ discovery of Xx-rays. The
tochnigue was first applied to biological tissues by Goby (1913)
and La.r;uirque (1936). . Engstrom (1946) was first to apply this
technique in bone investigations. Cohn and Lacroix (1953) made
a comparison Jpeiween mcroradiogra.r.ns and ordinary biological
preparations of the same sémplcs and concluded that there was an
Thverse relationship between the degree of mineralization and
the organic matrix. Densitometry of mcrqradiographs allows a
relative measurement ot calcium deposits (Ponlot. 1960; Belanger
et al., 1uU63). Microradiographs are like accurate CHPS of the
relative caleium content of the various parts of a bone -section

at the histological level (Lacroix, 1972)-

W
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- 1.5.3 Topographic Mapping and Rates of Matrix Production

The concept of. tracing skefetal and dental bone growth
development ,I remodelling, and repair and of determining ‘Trates of
matrix production. is not néw (Dixon, .1961; F;ést, 1959, * 1961,
Marcourt et al., 1962, Vanderhoeft et al. 1962; Suzdki and

\
Mathews, 1966, Tapp, 1966. Hong et al., 1Y68, Findlay and Steel,
1969; Soni, 1969; 1970, Soni and Messers, 1970, 1971,‘Sullivan,
1972: Cleall, 1974, Yen and Shaw, 1974). . Numerous methods
involving Alizarin red S, te;tracycline, 'v-'arious radiotracers
including calcium, strontium, and 3H-labelled amino dcids
have also becn applied. in single or multiple —do;ses, towards

measulring -various bone parameters. : o -

1.5.4 Radioactive Tracers for Organic Components of Bone Matrix

The use of ‘lab‘elled amino acids to study the bone matrix
formation is based upon the fact that these amino acids, which
are precursors bf certain matrical elements, are j.ncorpora.‘ced by
the bone cells (osteoblasts and .osteocytes) into macromolecules,
which are secreted and become part of var-ioﬁs cofponents of the
bone matrix (Leblond and Weinstock, 1972). The é-i'ganic mtrix.
makes about.30% of the total rass of the bone, 90% ot which is

the fibrous protein collagen (kastoe amd Eastoe, 1954; kastoe,

- 1956). The collagen is very rich in the amino acids, glycing

and proline. The proline 1is i;ncorporatn;d\into the bone matrix

via its hydroxylation, to hydroxyprdline which is found exclu-

o

sively in animal tissues. (Undentriend, 1966). This makes
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" studying the bone matrix formation, than SH-

e )

-

it a suitable precursor marker to study the formation of the

bone matrix. Numerous investigators ha used 3H-glyci’ne and

3H—proline in quantitative autoradiographyjc studies ot the

bore retrix (Carneiro and LeblCrsc{, 1959; Tonna\y 1965). In a ser-

ies of comparative studies (Rirschein, 1967 a,\ b, 1969) it hus
>

been . shown that SH-proline is a .more specpfic label, for

lycine. In aut-

oradiographic preparations the label appe: in the form of redu-
- Sy
ced silver grains overlying newly #6fmed bony surfaces indicating

t
the location of the label. Properly time-spaced- repeated

_administration of SH-proline, results in the formation of a

topogr,aph'ic series of indelible bands from which the rates of

skeletal ~ growth  and remodel‘}ing can be assessed (lonna, 1974,
! P -
Tonna, 1975)- An alternative quantitative method is to “weasure

the radiocactivity in bone matrix or colldgen b}} B-counters.
o

1.5.5 Radioactive Tracers for lnorpganic Component of Bone Matrix

(i) Bone seeking elemen-ts

rl

Certain elements when administered or ingested localize pre-
ferentially and specitfically in the skeleton and arc known as
bone seekers. These include agents like alizuarin and tetracyc-

line which make complexes with calcium. Other elements included
4s bone seekers are those which elther replace calcium or uare

present in normzl bene in trace amounts. O these, the major

ohes aré Sr, Ra, Be and Ba. These are known as alkalime carths.

The radioisotopes of these divalent cations have gained import-—

ance “because of their use in the uantitative studies of bonc

rl
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" newborn rats or mice the radi
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&

matrix and runerallzatlon and because of thelr hazards due to

retention of isotopes 1in skeleton. {ther elemgntb Na h, Mz

which are present in bone are rarely used in bone investigations

-~

(Mclean and Budy, 1964)

-~

As bone mutrix is depositéd, the mineral ions, calcium and

phosphate also appear in, the matrix. The details of the process

P

of calcitication will not -be dealt with here as these are dis-

cussed in another sectioﬁ'lpaae 13). Early studies (Leblond et

al., 1950) showed t gen 32p op 45Ca is injeczed into

distrib@;ed throughout the whole'substance of the bone. How—
e .

over, Lacroix (1953) and Leblond €T al.. (1v59) later showed

that atter injection‘ of 45Ca onlyh'growing osteons show’ &

s

51gnlilcant uptake of rddlodct1v1ty Radioisotopes of Strontium

.(85Sr, JUSr) also behave like Ca and hagg,fﬁeen used us

markers of calcification of bone matrlx (Harrison et al.,
1967).

Fluoresceins -

The use of fluoresceins as fluorochromiq labels for bone
and dental tissue growth, remodelling, and resarption has rec-
eived attention, partlculdrly their combined Juse with other

fluorescent markers to produce polychromatic banding (buzuhl and
L

Matthews, 1966; Modis et al., 1969, Rahn and perren, 1970; Han-

mond and Storey, 1974. Soni and Malloy, 1976).

" Calcein, a fluorescein - iminodiatetic . acid complex
‘ v
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fluoresces green when canbineQith calcium (Diehl and Elling-
boc, 1956). It has been used in bone studies of various species
(Modis et al,, 1969; Sul.livan, 1972; Harmond and Storey, 1974;
Soni and Malloy} 1976). - |

The alizarin red S .and I‘luéresceing. do not provide any
advantages over tetracycline but they éo help in getting poly-
chromatic ba}ldiqg pattern. The ra't':és. of bone ratrix formation

can he calculated by dividing the distance between the two bands

by time.

(iii) Tetracycline

The antib.iotic ;etraoyclines mke compiexes \ﬁth a8 great
number of metal  ions such  as Fe™3, - ™2,  NiYe,
cat2,  FetZ, Co¥2, - 4n*2, Mn*i‘ (Albert, . 1453,
Albert and Rees, 1956, Conver, 1956; Higuchi .and Bolton, 1959,
Ibsen and Urist, 1962; Urgéf et al.. 1962) and'then fluoresce
under the UV light. Oxytetracycline complexes with Cu are ruch
strongor. as compared to its complexes with. organic compounds
(Il;sen and Urist, 1964). More tetracycline' is incorporated into
newly forming bone us compared to older bone becuuse of greater
chemical reactivity, high va:‘scula.rity, staller crystal size,
more “ hydration and iooser packing of organiE and inorganiq
constituents of matrix in the new bone (lbsen and Urist, 1964).
 Many investigatorsc._ have taken advantage ot this property of
tetracycline and have applied it for studying the wvarious

parameters related to.bone mineralization (Milch et al., 1938,
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Harris et al., 1962, Owen, 1962, Frost and Vallaneuva. 1960;
Berquist, 1962; Berquist and Hulth, 1963). Properly tiﬁe spaced
rultiple administration of tet?acycline,results in the formatibn‘
of fluorescent labels (in UV) from which the rates of bone grow-
th and resorption can be measured (Baylink et al.i 1970). It -
can either.be used as a label and the distancés betwécﬁ various
labels can be measured to see tﬁe'totul bone formation or 1its
incorporation can be quantitatively assessed and results used as
quantitative measure or the mineralization. fhe high atfinity
of tetracycline for Ca*2 mukes it a very suitable marker® for
studying the initial phase. of the mineralization (lLacroix,
1971).- Anoth&r advantage over Isotopic caldéium is thgt tetracy-
cline cdn be visualized under UV light and guantitative measure-
ments can be 1na3e with cold tetracycline (Kelly and Buyske,
19601 Cohen, 1962; Ibsen et al., 1963).

(iv) Alizarin .

Alizarin is onc of the oldest bone rarkers. In histology @
solhble salt, alizarin red S. 1is used tor the dcmonstration ot
caleium. The' structures of alizarin and tetracycline are guite
similar. In general, their distribution in the skeleton is also
sipilur, as is their interaction with hydroxyapatite (Harris ct
al., 1962; Myers, 1968). Alizarin red $ flueresces under UV

light and administere

in low doses scrves well as an intravital
1
fluorchrome (Adkins, 1965). Alizarin red S has been used in

combination with other fluorochromes in rultiple dose experiments
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to produce polychromatic bandihg (Modis et a;., 1069, Cleall,‘

1974, Harmond and Storey, 1974).

(V) In VIVO Estimation of Bone Mincral by Photon

.

Absoptiometry

The technigue is mbw the principle that the mass of
mineral existing in a bonme is directly proportional to the amount
ot. photon energy absorbed by the bone (Cameron and Sorenson,
1963): The -scanner module prpvides a colli&ated bearn of mono-
cnergetic photons from a sealed source. The source is synchron-
ized with a scintillation detector ;nd both traverse the bone
simultaneousiy. Cameron una Sorenson (1Q§3), have developed this

technique for in VIVO measurement ot bonc-rass and have used it

to evaluate the mineral content o
=

(Sorenson -and Cameron, 1967, Cariron et al.; 1u6s, Jette, 1973,

f bone and width of the bone

Boyd, 1973). ‘the roentogenic methods though widely used, are not
considered sutficiently precise to detect changes in mineralizu-—
tion in-ekperimental and pathological conditions where  the dif-

ferences are too minute (Lachmann, 1955).
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1.5.6. OBJECTIVES AND RATIONALE BEHIND THE INVESTIGATIONS

Since the previous studies about the etffects 9_;' the
lathyrogens on hard tissues, as discussed earlier, reportéd only
gross changes in skeletal structures and \#ere rainly related to
teratogenic etfects of lathyrogens, an investigution t‘o iook

into the precise changes in bone whi,ch would provide "‘d'etai.led

information about the cxact paramcters 1n tlie - bone metabolism

aftfected by B-APN, was considered desirable.

Due to the known etffects of the lathyrogen B-APN on

collagen fibril maturation, the collagen'being a rujor component’

of bone matrix. it wus considered important 10O evaluuate morpho-

logically the effects of B-APN on collagen fibrilys and collagen

synthesizing cells. The Periedontal Ligament (PLL) 1s ideally
suited for sugh a study as collagen fibrils are specificully
orionted and unlike in bone are free from any mineral deposits.

The role of collagen fibrils in the mineralization ot the
bone matrix has been considered of great significance in the

past (as discusscd earlier). The inter- and intra-molecular

cross linkages were considered a pre-requisite for _collagen

fibrils to become mineralized (Mills and Bavetta, 1968) and

inhibition of these links by B-APN came: tO be believed as the

mechanism of B=APN action 1n producing the various osteopatho—
logies (Barrow et al., 1974). Bascd on the tact that inter- and

intra-molecular cross linkuges are innibed by B-APN, Rosenguist

’

.
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et al., (1977) conducted a morphological study and ‘documented

' thut the initial rate of mineralization of the bone matrix was

inhibited. ur studies, .morphémetric and radioisotopic usipe
3H-pr011ne and  Si-tdtracycline  incorporation, not only
contfirmed but improved the data on qua.ntitative evaluation of
the B—APN etrcct:.. on the initial mineralization 1in mt%
‘chicks. The mtionale ot Using chicks after our study 1in mts
lhu::: peen discussed in the appropriate section.

Rosenquist et al., (1977} speculated that the Cross
lmka.gt,s 1nh1b1t10n by B—APN might not be the mcha‘mism ot i‘ts
action on- mnera,llzatlon as i SlT’llld-I‘ cross linkages inhibition

in Vita.min U deticiency “does. not result. in the jinhibition of

- rate ot initial rruncrallzatlon. lri rocent years the emphasis on

collagen fib[‘llb as the nidation site tor the 1n1t1al rineral-
jzation has shitfted tO the mutrix vesicles in bone and cmr’tilage
and these have emerged th be a more likely site ftor initial
mineral deposits. FurtHermore, there are reports of presence ot
certain enzymes, -beﬂiieved to be involved in the process of

mineralization, on At X\ vesicles mombre (as discussed

eclsewhere in the thesis). view of e absence of any

convincing mechanism of B—APN actio the'mineralization, “an
1nvest1patlon into ratrix vesicles and cnzymes relateq, TO the
mineralization were considired important.

The ultrastructural and biochemical gstudies on phone arc

'




hindered by the ditfticulty in preparing the bone tissue for
various studies. The embryonic bones provide & suitable muter-

jal to study all the parameters of bone metabolism. The devel-

Py

opment of pones in c¢hick embryo have been studied extensively
and various stages are well documented (Fell, 1925). Because of

these reasons the last.phase of this investigation was conducted

[
~

on the chick embryonic bones.

)
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2.1. ANIMALS

Studies on the Rats

For the study of thé periddonta.l ligament and that oI the
pone rutrix formation and its mineralization in rats, four weck
old male Sprague Dawley .rats weighing about 69%2 gms -were
purchased 'frg'm Bio—Breeding. Ottawa Ontario, Cé.nadzs..

All rats were fed on a powdé;%ed Ralston Purina Rat Chow ad
libidum. B—e’-\..PN in powder form was mixed with the teed for- the

’ experimental rats. Total B—AL_JN concentration in the food was

-6.25 percent. N('D _data on the fobd consumpti;m ‘was considered

cssential Because no ditferences in tood con,sumption between
. ; .

controls' and the experimental animals was very similar.

Studies on Chicks

For the study of the effects of B-APN on the bone matrix

-

formation and 1ts mineralization two weck old whitc horn
chicks weighinlg 200210 gms were uscd. .~ ‘

All chicks were fed a powdered Biostartena diet (Furina.
Chow Company, Whitby, Ontario) ad libidum. llc;we'\.'er', the experi-

mental chick feed was supplemented with B-APN, B-APN concentra-

tion in the feed was 0.05 percent.



2.2 LIGHT MICROSCOPY

(i) Periodontal Ligament- =

For the histology of the periodontal ligament, rats were
pertused atter ansesthetizution with intraperitoneal injections
of the chloral hydrate (35mg/100gm body -welght), with a fixative
through the ascending aorta. The perfusion tixative contai-ned
1% glutaraldchyde in 0.09 \(M phosphate butter at pH 7.4. 'This is
a slight modification from Sotelo and Pkalay, (1967) to adjust
the osmolarity of the fixative at 350 milliosmoles. Atrter 20
minutes of continuous pertusion, the lower jaws were ‘;further
tfixed in i strength Ka.rnovslw's‘ fixative (Karnovsky,' 1‘965) tor
24 hours. .

The jaw bones were decalceified with 4.13% EDTA pH 7.4 at
0-4"C for 3 wecks w.ith weekly changes and under constant gentle
stirring. Thé aoculcifying solution also contained 2% glutaral-
dehyde.

After deealeification the bones were sliced buccolingually,
each slice about Zrm, thick -and washed ~with phospate butter
(0.10,° bH 7.4) containing 7% sucrose for 2 hours with J
chu.nf_:;as.

For 1light microscopy sone pieces ot bone were then
dehydrated thfough a4 praded scquence of ethanol und xylene and
embodded 1n paratfin wax. 8 wn thick sccetiops were s}ained with

Masson's trichrome staining techniguc.
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2.3 Electronmicroscopy -

(1) Periodontal Ligament

The slices of bone obtained as descfibed above were further
post—fixed in 1% UsUy in 0:1M phosphate butfer (pH 7.4) for°2
hours (0-4'C), and dehydrated with ethanol. Araldite was used
as an embedding material. The ultrathin sections were cut on a
LKB ultramicrotome and pickgd up. on copper grids. The sections
were staiped 1n sequence with 1% aqueous phosphotungstic acid,
2% uranyl acetate in 50% ethanol and agueous lead cltrate
(Reynolds, 1963). ~

(ii) Chick embryonic Tibia

~

For clectronmicroscopy of the embryonic chick bones the
tibias were fixed with 2.5% Glutarldehyde in cacodylate butfer
(0.1, pH 7.4) for one hour at 0-4'C; The bone pieces were
rurther sliced to a‘thickness of 60-100 um with a Sorval tissue
cutter. These scetions were washed in 0.1M cucodylate butfer
containing 0.2M sucrose for 1 hour w%ph 2 changes. Tlhe undemiﬁé
cralized pieces were post fixed with‘*l%r UsUg in cacodylate
butfer tfor 1 hour. The dehydration.wa; done in graded series of
alkaline alcohols. For decalcitication of sections where requ-
ired, 4.13% EDTA with 2% Glutarldehyde (pH 7.4) was‘uséd. A?al-
dite was used as-ambedding medium. During ultrathin sectiohing,
all the precautions described by Boothroyd (1u64) werc taken to
prevent the loss. of miner#ls. -

; -
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2.4 HISTOCHEMISTRY

bor enzync localization the bones were fixed in cacodylate
butfered 2.5% Glutarldehyde for 1 hour at 0°C (Saba.tml et a_'L..
1963, Matsm:awa and Anderson, lJ71) From the diaphyseal centre
of each tibia 50 um thick sectlons were cut with the borvall
Tissue Chopper. These sections were decalcified in 4.13% h:l)’i‘A
containing 2% Glutarldehyde, buttfered with cacodylate .buffer at
pH 7.4 Ifor 2-3 hoﬁrs. After decalcification the sections were
rinsed in 0.1M cacodylate buiter containing 0.2M sucrose {pH

7.4) thrice for 10 minutes. - : '

A. ALKALINE PHOSPHATASE

(i) Light Microscopic Localization

At light microscopic level the alkaline phosphatase

‘histochenmistry was done according to a technique described by

‘Burstone, (1958). s’L‘wem:y um  thick sections from embryonic * -

tibias ‘were cut with the help of a .freezi'ng microtome. These

sections were floated: for 1 hour in naphthol AS-Bi phosphate
°

diazonium salt medium (a filtered solution of 2.5mg naphtr_lol

AS-8I phosphate dissolved in 1 ml N, N-dimethyl formide to which

was added 50 ml 0.05M tris buffer (pi 8.35 and 40 mg Fust Red

Violet LB). As a control for histochemical procedure small

pieces of rat kidney werc incubated in the same vials as the

pieces of embryonic bones. The sections were rinsed scveral

_times with tris buffer and were tloated on to glass slides and

-were mounted with glycerine jelly. The alkaline phosphatase

L.
Te
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activity wis seen as & vivid red azo dye deposit.- K
'(ii) Electronmicroscopic Localization . = \

-

After decalcification, as degcribed above, 50 um thick
éections; trom the diaphyseal oent.re of each embryonic tibia were
cut w1th the help of a tissue chopper. These sections were
lncubated in spec:Lal ned:.a for 1 hour at 37°C. As a control
for the histochemical procedure smail pleces of rat l\ldney were )
incubated for demonstration of alkaline -phosphatase 1in the :.ame -
‘incubatine. vials as the 'pieces of embryonic bones. After
incubation, the tissues were rinsed in cacodylate butfer twice
for 10 minutes. Some sections wege treated with ammonium sultide

(0.1%) for S minutes and these were useo t‘orlligﬁt-mioroscopio
evaluation of the reaction. | )

. For electrorﬁnic;'oscopy, the sections were postfixeo in
0sO4 solution tor 30 minufes, dehydrated in p:raded\ ethanols and \-
prepared for eligctronxﬁiorosoopy as described earlier.

The constituents of® the incubating medium which was prepared

according to Bernard (1978) were as follows:

N

Tris maleate bufter, pH 8.6 (0.1M) 10 r§l+ o
/Sod-B-glycerophosphate, _1.25% 10 ml. .

Double distilled water 23.5 nml.

Ma.gneéimn chloride 10% . 3 drops .

" Lead m.tra.te im ‘ _ 6.5 :l

All _solutions were made with freshly boiled a.nd cooled water

whlch had been double distilled earlier.

Ay
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. B. Acid Phosphatase

were kept as control tor histochemical procedure. .

Lead Tﬁtrate was added drop by’ drop while the‘solution was -

constantly stirred with a magnetic stirrer. Unless tfreshly
»

boiled water was used, & precipitate develaped on. addition of

nitrate. The preparation of the incubation;nedium was round to

be very critical.

(i) Light Microscoby

For acid phosphatase nistochemistry the technique used was

that of Burstone, (1958). The fixation, decaleification and

sectioning procedure were similar to as described tfor alkaline
phg;phataso earlier.: Similarly prepared rat. kidney sections

The tree floating sections were incubated toy 30 minutes in

an incubating medium which was prepared trom three stock

solutions.
The constituents ot three stock solutions were as follows:

Stock Solution -A:

Sodiwn  -napththyl acid phosphate (4 mg/ml) was dissolved

in Michaelis veronzl acetate buffer stock solution (9-714 gm

sodium acetate, 3 HoO + 14.714 gn sodium barbiturate in carbon

dioxide distilled water, made up to volume of 500 ml.

Stock Solution B.

z.gm pararosanilin-ﬂCl was added to 50 ml 9N HC1 and was
genély heated. Atter cooling. the solution was filtered once.
Stock Solution C.

4% Sodium Nitrite in distilled water._.

P
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Me incubating medium was constituted as described below:
1- 5 ml of solition A was added to 13 ml distilled water
o_ 0.8 ml of B and C each were mixed together and werc then | .

added to solution 1. -

'

3- pH was adjusted to 6.5 with IN sodium hydroxide and the

solution was filtered.

The sections, after incubation, were nopnted in glycerine -

jelly. ) //

(11) Electronmicroscopy ;”J

For electronmicroscopic localizatkay of acid phosphatase
the fixation, decalcification, sectf%ning and processing

L 4 ”
was done according to a schedule already ééspribed tfor alkaline

. phosphatase. o .
The sections were incubated d4n ébecial medium for 20

.. .minutes. The incubating medium was constituted as follows:

Tris. raleate butfer (pH 5.2, 0.1M) 10 ml.
Sod-B—glycerophosphate 1.25% - 10 ml.
Double distilled water - - 10 ml.
Lead nitrate 0.2% 5 ' 20 mi.

All solution were made trom freshly boiled cold water.
Lead nitrate sélution was added drop by drop while the solution
was constantly stirred with u ragnetic stirrer. A clear solu-

tion was obtained and centrifuged for 10 minutes.
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2.5. MICRORADIOGRAPHY -
/

(1) Preparation of Bone Sections

‘The bones were fixed in 70% ethanol for 24 qqurs. These
were then cut at the desired siteg with 2 didmond dental burr
and dehy&ratcd progressivel; in Y5% ethanol, in three changes of
absolute etn&nol the followiné day, and four chaﬁges of acetone
every two hours théreafter.

. .

" The bone pieces were then infiltrated with incre&sing con-
ceﬁtration of Epon resin. The Epon resin mix was made according
to schedule described by Luft (1961) and surmarized below:
Sqlution A: B2 ml Epoun §12

| -- 100 ml LD3A (Uodccenyl succ1n1c ¢nhydr1de)

« Solution B: 100 ml Epon Qlé
89 ml NMA (Nadic methyl anhydride).

' The infiltration method is based on the schedule described
by Bélanger (1963).  The intiltration mixtures were mude us
following: '

1. Mixture 1: Solution A: Solution B: Acetdne - ' ~
: l:l:é
2. Mixture 2: 'Solutioh A: Solution B: Acetone
1:1:2
3. Mixture 3: Solution A: Solution B: Acetone
3:3:2
To this was added 1.5% (v/v) of DMP accelerator (2, 4, 6

3
trimethyl amino ethyl phengl).
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4. Mi;ture 4: Solutién A. Solution B
1:1 and 1.3% (v/v) of DMP was added to it. N

During the first hour of the infiltration schedule, the

bones in the test tuﬁé containing mixture 1l-were centrifuged at

1800 R.P.M. and the stopperéd tubes were stored in a dessiéato;

overnight. Next day the bones were again ceﬁtriiuged for two

hours with mixture 2, tollowed by another two hours in rixture

3. Finally, the bones were intiltrated under vacuurm (20 rm Hg)

for 3-4 hours with mixture 4. Each bone sample was then

ombedded in a plastic rold partially filled with fresh mixture
-t e

and the molds were stored for thirty minutes under vacuun a

-

y
room temperature. Presh resin was added to fill the moldgt The

kEpon resin was allowed to polymerize in an oven at 357, 4@' and
60°C tor 24 hours each. ) .
After‘Epon polymerization, the blocks were trirmed with a
bandsaw and cemented on to a thin plate of péiyglass titting the
cutting tuble of the Gilling diamond-wheel cutting machine
(Gilling ﬁnd Bounocore, 1959}, sections were further ground
and polished with the help ot very fine grate sand paper and
were further washed in écph:an chloriée (1:760). Final thick-
ness of sections was .ido -X10 un. Tné Sections were picked
up by a strip of scoicﬁ:tﬁpe and. were aftixed to a glass slide
. ~

so that during storage each section was sandwiched between the

tape and the slide.

The spectroscopic slides used tor recording of the X-ray
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images off the. bones were obtained from Kodak of” Canada, Toronto.
These slides are coated with emulsion EK 649.0. These were
exposed to x—rayé in'é spec-ially designed microradiograph unit
built by Garth WestenKow Co. and the Jackson Scientitfic Machine ‘
Co. of Salt Lake City Utah. '

Before use, the spectroscopic, slides were coated witf? a
thin layer ot: celloidin by dipping them in a 1% solﬁtion -of
celloidin in ethanol-cther, and ;\'ere dried for twenty-four
hours. -

In the dark room. r:he bone sections adhering to the tape
were lirted frora the storage glass slides and transterred to the
erulsion covered pliate so that the bone section now wus sand-
wiched butween the tape and the photographic _emulsion. Intimate
contact bo.twe.én bone and emulsion, was essenti‘al to ensure high
resolution.

{ii1) Exposure

The microradiograph unit consists ot a high voltagé power |
supply, a line vol'-tage regulator, & confrol panel, x-ray tube
.and a4 camera to position the film and the specimen 1o be

.

x-rayed. The emulsion slide and sections apposed to it were
placed in a specially designed camera 1in a dark room.- The

camera tube was placed on 1o the ocutlet tor_xaruys. The cirBra:

was rotated to bring the section in the path of x-rays. The

sections were exposed to x-rays gencrated at a regulator voltage

of 115 volts, an x-rays voltage of 10,000 volts and an X-ray

-



a7. -

current of 10 .milliamperes. The time of exposure varied tor’

3

different sets of section. For cross sections of . tibial
diaphyses a 10 minute exposure time was found to give proper
e;,cposure'. All other conditi.ons remained constant.

. The éxposec} emulsion slides were removed from the camera in
dark room. These slides werc “treated with acetone to lre:ﬁove the
protective govering of cclloidin.. The photognaphic pluﬁe was
then' developed tor 10 minutes in bBastman Kodauk D-1Y developer at
20°C and. then fixed for 15 minutes in kodak acid fixer with
hardner. Slldés. were washed for 30 minutes, air dri% and
mounted with a coverslip with Permount.

2.6 FLUORESCENT MICROSCOPY

’

For fluorescent micr(‘)s;:opy the tetfacycline wa.s used as a
tfluorescent marker. The rats and chicks_ used in these experi-
ments were injected with totracycline I1/P (30 me/Kg  body
weight). The tetracyclinee‘was obtained as tetracycline hydro—
chloride trof Pfizer Co. Ltd., Montreasl, {anada. 'The b.unes were
cmbedded in bpon 812 according to the method am_d scheéiule_des—

cribed for microradiography on page 45 . Fifty um sections,

from upproximately similar regions of the bones, were cut with a

diamond :?aw (Thin sectioning machine, Hamce idluchine, Ince., Roch-

ester,. N.Y.). These sections were further ground to a thick-

-

ness of 25 um with the help of very fine grate sund paper under
running. water. The secticns were then washed with Zephran

Chloride (1:700), double distilled water and dehydrated with
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were mounted on glass slides with the help of a nontfluorescent

~mounting ium and were examined under UV light. From each
section the measu;ements were taken from at least O regions and
at least 5-sections trom ditferent rats and chicks were examin-
ed. The width between two labels was taken as the linear bone

apposition between two intervals of time.

2.7 SERUM CALCIUM ESTINATION -

-

The serﬁm Ca** was estimated with an automatic calcimm
analyzer (940 calcium analyzer, Corning Scientific, HMedtiecld,
Mass., U.S.AL). It is known that the dyc c#lcein, a fluorescein
derivutibe, forms an intensely  fluorescent, non-dissociated
complex with calcium ions in an alkaline medium. The analytical
procedurce incorporated in. tke bModel 940 1is .based upon  the
quenching of this fluorescence by chelgzing the calcium ions
with the titrant hp’l‘A. '

Heugﬁ ts used tor scrum Cat? determiniation .arc:

tAssium hydroxide (KOH) IN
- Ethi?bne glycol bis (B-amino c¢thyl ether) N, N'-Tetruauacetic
acid. 0.04% wt./vol. solut£on;

- Calcium standard 10.00 mz% or (5.00 m kg/liter).
- Calcein ihdicutor dissolved in calcium standard.
Procedure

— Cuvette is filled up to the mark with KOH.

~ 100 ul of calcein indicator was added and instrument was left

* »

N
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runiing for 10 minutes.
- The 1nstrument was callbratedS;Lth ‘calcium standard. Three
consecutive readings not differing by more than 0.05 ngp was

taken as calibration point.

= 100 ul of tebt serun was added and titrated.

- The readings were rade directly in the digital meter ot the

calcium analyzer. v

2.8 BIOCHEMICAL TECHNIQUES

oyt

(A) Liquid Scintillation -

The scintillation counting technigue is based on the

interaction of nuclear radiation with matter. In the scintilla-

,,ifon counters use is made of the photons created when a sultable

J : . -
luminescent raterial, the scintillation cocktail, is exciwed by

nuclear radiations. Fhebe photons are collected at: the cathode
of a photocell which convirts -them into electronb. The rmulti-
plication of these elccirons in the photomultiplier will wuive
risce to (Jectric;l pulses which can be recorded. . The liquid
scintillators can be used for counting ot ;eak beta eniﬁters.
For our experxments the radlo-lsotopcs (dh-prollne us
1~(2, 3-SH) - proline and du-tetmqﬁchne us
(7- 3H(h)-tetrdcycllnc), wore obtained from New bngldnd Nuclear
Corporatiou of Canada. Lachine, Quebec.
Bone tissues for scintillation’ counting were at first

cleaned of soft tissues, demarrowed and weighed. Each bone was

LS
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then dissolved in 2 ml 6N HCl overnight at 80°C. Five 100 ul

aliquots were taken from each sample. Aguasol. was used-‘.as'a

scintillation cocktail. The NCS , (NEN Canada, Lachine) was used -

4s a4 tissue solubilizer. The radiohctivity was counted with
Beckman 100 scintillation counter. The incorporation -of
isotopes were calculated as a percentage of the initial dose

administered per unit weight ot bone.

(B) knzymes - Coo.
The activities of alkaline phosphatase, Ca*t-aTPuse,

and Na*-KT, ATPuse were ovaluated not in the whole bonc
homogenates but in homopenates of membranes of the c¢ells

Obtained from the Bone.

(i) Isoulgtion of Membrane and Subcellular Fractions from Chick

kmbryonic Bones -

The embryos were sucrificed and their UIbias werl'e’ removed .
All the following procedure was pertformed at 0—4'(.‘- and under
aseptic conditions. ‘The bones were e;cposed by removing all the
superficial tissue from bone with a sterile forcep. The bonc
picces were further minced into smull fragemepts and were.
homogenised for 1 minute by &4 motor driven Tetlomr Pestle in 50

~

mM tris (pH 7.6) containing 3.75 mM mercaptoethanol.  The

/-‘-/‘\ '
c@age‘na.se solution (5 ml/g wet weight ot bone) was added to

the bone samples und was incubated at 37°C in a shaker for 4
hours.

The collagenase solution, requii'ed tor digestion of bone

3
/

i
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. . .
was prepared according to the method described by Ali -(1979).
Sigma (No. C-0130) crude collangenase type 1 was prepared TO

contain 1000 unlts/nl in N-tris (Hydroxy methyl) - z aminoethan-

esultonic acid (TES) - sucrose bufter. Sucrose solution (0.25M)

was made.upto volume in 50 mM "TES buttfer, adjusted to pH 7.4

with IN NaOH. Gentamycine was included to contain 5 mg/100ml of

The collagenase was allowed to dlbsolve in the
15/;01ut10n tor 10 mlnuteb at 37° C and this fluid was
wared by centrifugation in a Eeckman centrifuge at 150,000g
for 130 minutes. The brown supernatant éollagenase solution was
puassed through millipore filter No. Ap 2502500 and was steriliz-
ed by ~$ltcrlng through nhlllpore tllter No. GWSHJ 2500 with a
0.22 um ‘pore size. The collagenabe solution was prepared in
bulk and wasgvstored at =20°C in 10 ml aliquot;. in Sterile
boftles. . .

After digestion, the homogenate (fréction 0) was centrifug-

. &
cd according to the following scheme described by Ali, (1U79).

l - , ‘ |
Residue is mostly undigested Homogenate or dipest
calcitfied septa and debris. 3 tluid at 1000 g for
. ) 10 minutes.

-

sedimentation fraction’ 1 S supernatant fluid

osteoblasts, mineral nodules, centrifuge at 5,000 g
clusters of apatite and cell debris for 10 m;nutes.
sedimentation fraction 2 , ! supernatant fluid
osteoblasts, cell fragmentx and centrifuge at 40,000 g

subcellular particles for 20 minutes.

N
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Sedimentation fraction 3 supernatant fluid -
cell fragments, mitochondria, centrifuge 4t BU,UUU g

lysosome-like bodies and tor 20 minutes :
tragmented endoplasmic reticulum™ = :
from some disrupted cells.

- Sedimentation fraction 4 supernatant fluid

small rmembranous particles centrifuge &t 150,000
including matrix vesicles. g. for 30 minutes.
Sedimentation fraction 5 . :
mostly ratrix vesicles. j !

The activity of enzyme alkaline phosphatase, Ca**-
ATPase, Nat, K'-ATPuse was ecstimated in fraction 5 while
A
acid phosphatase activity wus determined in fraction Z.

~—
(ii) ENZYMATIC ASSAYS .

(a) Acid Phosphatuse

The organic phosphate gsters are -.hydrolys'ed by acid
phosphatase. In this method the enzyme is allowed to ﬁydrolyze
an organic phosphate and the _u.ctivity is measured as the
concentration of the free organic part of the substrate.. |

0.25 ml of the sample was rixed with 1.65 ml of O.IM tris
maleate bufter, ptl 9.2 for 10 mihutes at 37°C to destroy

glucdse—ti-phosphute.' The reaction was” started by the addition

of 0.1 ml' of substrate solution, giving a final concentration oi'—/—

8 mM 4-nitrophenyl phosphate. After 30 minutes ot incubation

fhe reaction was stopped. with 2 ml of ice-cold tris-phosphate

reagent and read at 400 nm immediately 1in an spectronic 20

spectrophotometer.



A standard stock solution was rade by adding 0.1 ml of 10
raM,/ml p—\pitroﬁhenol into a 10 ml flask containing 0.1 M ti'is
maleate butfer pH 5.2. | ‘ .

,Substra-te Sollir.iop -

160 mM 4-nitrophenyl phosphate = disodium. salt. The

tetrahydrate (mol. wt. 335.1) is dissolved at 0.11Yg/2nml.

" Trisphosphate reagent -

1M Tris-HCl, ph 8.5, containing O.4m Ko HPO4.

- Tris ‘ 1201 e
Water 60 ml.
KoHPU, 5.43 g.

Adjust to pH 8.5 with HCl and make upto 100 ml with water.

(b) Alkaline Phosphatase ¢
The principle for alkaline phosphatuse estimation is
similar to one described for acid phosphatase.

0.1 ml of the sampie was mixed with 0.75 ml of tris ruleate
buffer (71.43mM, pli 9.3) for 10 minutes at 37°C for the sume
-reasons as descr'ibed for acid phosphatase. The reaction was
| stirted by adding 0.1 ml of substrate solution, which guve final
concentration of SmM nitrophenyl phosphate. After 30 minutes of
incubation the reaction was stopped'by aﬁding- 3 ml of V.1 N MNa
OH and read at 400 nm irmediately in spectronic 20 spectrophoto-

meter. , '



Reagents- ;1(J? .

A standard stock. solution was made by adding 0.2 ml of
10mM/ral p-nitrophenol into a 10 ml flask containing 50 mM tris
maleate buffer pi Y. The final concentration will be 0.2
mM/ml. |
Substrate solution -

A 50 mi solution was made by dissolving 0.185 g p-nitro-

phenyl disodium salt per 100 ml double distilled water.

Ions -
Mg Clo . . 50 mM 0.068 gm/200 ml.
Zn Clo- : W 2.5 M 2.033 g/200 ml.

(c) Catt, ¥gtt-ATPase

This -test is based on the principle that the enzymé
hydrolyzcs the substrate ATP to.ADP and Pi. Ammonium molybdate
is added:which binds the Pi released trom ATP. To reduce the

\\\\__Effff?date; Fiske-Subbarow reagent is added and Pi releuse s

measured as u measure of ATP hydrolysis and the results are
expressed as Pi released/mg. protein/hr.
0.1 ml of test sample was added to 0.7 ml of 71.43 M tris

HCl butfer (pH 7.4) and was preincubated for 10 minutes. To

this was added 0.1 ml of substrate solutidh and 0.1 ml of ions

-

and the mixture was incubated for 60 minutes. The reaction is
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stopped oy 2 ml of 10% trichloreacetic acid (TCA). -After this

1 ml of _ammonium molybdate solution was added and left for 10

- minutes. To this was added 250 ul of Fiske-Subgrrow solution -

. ' -
and read in a spectronic 20 spectrophotometer at 610 nm.
Reagents -
Standard-stock solution - ’ {

BN

KH,PO, .~ 0.4 mM/1 to obtain this dissolve 0.00544-
'em/100 ml. in 0.05 M tris HCL (0.079 gm/100ml).
Substrate solution -

30 ™M ATP (F W 59b 2) is made by dissolving 0-09 gnm of Amp'

‘in few drops of D.D.W. and to-this 14 drops of IN NaOH is added

and made To 5.ﬁilyith D.D.W.

Trichloracetic acid (TCA) 10% )

lons  (uCly 100 mM

MgCly C 50 mM

Mol&bdate”Solutidn — 1.25 gn amonium moiybdgte dissolved

in 100 ml of 2.5 N Sulfurlc acid.
(d) Na**, K'- ATPase

Principle and, the procedure for Na¥, Ki-ATPase s
similar to one described for Ca*tt, Mg*t-ATPase. Here -
only the differences in ions and concentration of substrate

solution will be mentioned.

Substrate solution -

6 mM ATP (F.W. 596.2) is rede by dissolving 0.015 gm of ATP

in few drops of D.D.W., 14 drops of 1N NaUH and rade to 5 nl

s
e
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with D.D.W.

Ions -
NaCl ; g 100 mM
KCl 10 o™

(1ii) Total Protein Estimatien -

This analysis is based on the principle ‘that proteins.

‘combine with CQutt (used as Cu™*reagent) and form &

copper—prbtein éomplex. When Folin phenol is added to this
copper-protein . complex, copper 13 released and the colour
develops which is compared agginst the standard albumin
dilutions.

0.9 1l of D.D.W.-and 0.1 ml of test sumples were mixed and

5 ml of Cu*t ,rea.gent‘\;.;as added and allowed to react for 30 O‘\\
J

fminutes. The ~absorption and transmittance was read 1in a

. spectronic 20 spectrophotemeter at 500 nm.

Reagents -
cutt Reagent - made in 100 ml

-Na OH 0.IN
Na QO3 2 gm/100 ml
Cu 804 1%
K* and Na‘t tartrate 1% each
Folin Phenol 2 N |
Standard‘Albumin obtained from sigrme chemicals as Bévine

_serum albumin fraction V dissolved to make 100 mgm/ml.
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(iv) Bone Ash Determination

Chicks were sacrificed and their tibias were stored in
-

gauze roistened' in 10% buffered formalin solution, pH 7.4.

These bones were diséected tree of soft tissue and sawed at each

or

end to obtain diaphyseal bone (middle third) from which the bone

MArrow was rﬁﬁﬁ?@ﬁ“bw a jet of air. [The diaphyses were then

dehydrated and defutted in acetone, changed daily for 3 days.

Subsequently the bones were air dried at room temperature,

weighed, and then ashed at 600°C for 16 hours in an incinerator.
The ashes were cooled for 2 houré\and weighed. The method is
LY

sirilar to one used by Rosenguist et al., (1977).
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2.9 Incubation of Eeggs a.nchrepa.ration of embryo bones for

various studies.

The eggs were obtained from the same hatchery throughout
the ex‘perimg:nts. They were of Wl';ite Leghorn va'riety. The
incubation of the eggs alw%ys started one day after arrival
and at-noeon time.

The eggs were incubated in an incubator, built by Persime
Incubator Co., Gettysburg, Chio, at 37°C and 58% humidity with
automatic tilting every two hours. ’

On 7th day of incubation the eggs were candl'ed and unfert-—
ilized eggs were discarded. The fertilized eggs were cleuned
with a cotton swab soaked in absolute alcohol. ﬁ} hole was rade
in each egg with a sharp instrument to open the air chamber.

-

The dissolved drug was deposited on the inner shell nier;lbrane.
After administration of the drug to one group, and .control
vehicle to the other, the holes were éiosed with a white paper
t:%pe. The eggs were placed back into the incubator. On the
predeternined time the embryos were removed by cracking the egg
shell and placed in a petri dish. The presence of the heart
beat was taken as the criteria .for marking the embryo alive.
The membranes were removed and the embryos were weigr‘led. For
further studies the mineralized portions of their tibial diaphy:

ses were removed under a dissecting microscope and prepared tor

various experiments as described in the preceeding sections.

. ‘ .

% et



CHAPTER 3.

RESULTS




3.1 STUDIES ON THE PERIDONTAL LIGAMENT AND ALVEOLAR BONE OF HATS

.+ . FED ON A DIET CONTAINING £B—AMINOPROPIONITRILE

\\

Thé\ rats fed' a diet, containing B-APN were generally

y
lethargic'and showed kyphosis ‘of their spines.

)
i

'The Se?riodontal Jigament (PUL) and alveolar bone of the
rats, fed a\‘.._‘diet containing B-APN (0.25%) tor four weeks, were
'examined with\ microradiography and iight microscopy . The
periodontal ligamént was further exumined histochemically and

wi th’electronmic-;:'oscopy . . .
& ) L]

3.1.1 MICRORADIOGRAPHY K

_\‘

For microradiographic examination the interdental septae of
the first and second molars as well as the inter radicular
septae of the first molars were chosen. Figs. 3.1.1 and 4.1.2

are ricroradiographs of the hemi-mandibles of normal rats taken

from the lingual and buccal sides respectively. Similurly

Figs. 3.1.3 and 3.1.4 are frorn one hemi mandible ot B—ﬁ;PN
treated rats’%rom similar directions as mentioned for the
controls. ‘'These micforadiographs were tound to be very informa—
tive for evaluation of the gi'oss changes in alveolar bone uand
the perlodontal llganent space.

The mcrora.dlogrdphs of the mandlbles of the control rats
showed the 1nterdentd.1 septac, which were .quite radio-opaque,
had smooth outllnes nc,xt to the perlodontdl ligaments and at
their crests (Figs. S,I.l,Z). The tip of the interdental septae.

e
between. the first and second molars extended up to the cemento-

-



enamel junction of the distal root, of the first molar.  The

-

." shape of.the crest ot these sglae wus conicul (Fig. 3.1.1).

The inter radicular septae of- the first and "second molars
S o
extended quiter high in the bifurcation of the roots and were

less radio-opaque than the interdental septae (Fig.: 3.1.2).

"~ A careful examination of the microra.diographs' of the ruts

. )
treated with B-APN showed the interdental septae to_ be less

radio-opagque than those in the controls (Fig. 3.1.3). The
height of the interdental septue between the firdt and second
molars were lower and the sc.?f)ﬁae did not nea.ch the cemento-enan-
cl junction. Thus, some corconal part ot the root ww.-.;. lef};
withou't‘bony support (Fig. 3.1.4). The crests of thege septae
~ :

were obtuse :;mcr not conical as seen in the controls (Fig.
3.1.4). The inter radicular septae between the two roots of the
first molar shbweci a lower radiodensity 'corppared to the
controls. The apical two tirirds of the interdental and inte?
radicular septae were quife radiolucent (Fig. 3.1.4).

The rmicroradiographs of the longitudinal section of the
mandible from the controls. confirmed the observations described
above from microradiographs of the " hemi-mandibles. The
ir_lterdental and inter radicular septae presented an appearance
which was quite regular and the nutritional spza:ces containing
blood vessels etc.. were also ve-ry regular (Figz. 3.1.5).

The microradiographs of‘-the -longitudi.n—.al sections of B-APN

treated rats, through the interdental and inter radicular s-epteie,
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is shown in the Fig. 3.1.6. Both these septae.were quine
ditferent from the controls. The borders of these two types of
(septae were quite irregular (Fig. 3.1.6). In treated mtexji-al.
the nutritional spaces were quite '*lar-;;e and often irregular.
The large spaces Ifrom the borders. of these septae seen to merge
with alveolar bone medullary cavities. The apical third ot each
of these septae was iess radio—-opaque coinpured to the confrols
(Fig. 3.1.6). The a:r)_ount of the bone muterial in these septae,
T even from visual examination of the microradiographs, was quite..

low compared to ;che controls. The width of peridontal ligament

space appeared to be larger compured to that of the controls

(Fig. 3.1.6).

3.1.2 LIGHT MICKOSCOFY
Transseptal fibres, in the controls? were seen to run from

cementum of each tooth directly towards the ceméntum of the

ad_jetéé tooth (Fig. 3.1.7). The fibroblasts were rahdomly

arrang among the cbllagen fihres and were of fusiform shupe.

In B-APN fed rats .the transscptal tibres (Fig. 3.1.5) were seen’ .

.t - -

to run in a similar tushion and the arrangement and shape _of the
fibroblasts were also comparablc to the controls. -

\/ : . The ulveolar crest fibres extending from the cemento—enamel
_Junction to alveplar crest were seen to be arranged in well
defined bundles and the ‘fibroblusts were arranged rundomly among

“the collagen fibres (Fig. 3.1.9)7  The attachment of the

collagen fibres to cementum and the alveolar crest was very

M
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repular (Flg. 3.1.11). The long axis of the cells were 1in the
same direction as of the ‘collagen fibres (Fig. 3. l 12).

In B-APN treateg ra;s, the alveolar crest fibres (F%g.
3.1.6) lacked the arrangemen§\of well defined bundles seen 1in
'the controls. The collagen tibres here were aggrggated_in hyal-

inized areas ot extracellular matrix of the periodontal ligu-

-.ment. The attachment of collagen tibres to the cemental sur--

”

' face appeared‘qﬁ;te regular but the arrangeménf ot coliagen tib-
re insertion to the alveolar c%est, was irregular in this rater-
" iul (Figs.‘y.l.ls,ll7)ﬁ' The cells in this region appeare& to
have an ug}unéement with collaéen tibres which was not quite
. similar to that observed in the controls. ]

The shape of the alveolar crest, site ot the insértion of
alveolar creét fibres, was coéical in shape 1n the normai rats -
(Fig- 3.1.7). The crest of the ulveolur‘boﬁe, in the treated
rats, was not of conical shape but was' rather obtuse (Fig.
3.1. lb)

In the regisr of horizontal and ‘oblique tibres the collagen
fibres, in the controls, were seen to_run in well defined bun-
dles between alveolar bone and cementua. These fibres were scen
inserting into bone as well as cementyn in sharp and well defin-
ed bundlgs‘(Fig.‘B.l.S). The fibroblasts of this xegibn were
‘arranged randomly among the bundles of collagen fibres with
their long axes in the direcfion of collagen fibres as describéd

for other regions (Fig. 3.1.10). They were fusiform in shape



and presented a typical fibroblast-like appearance (Figs.
s . *
3.1.13, 14).

In the_treated rats the region of horizontal and oblique
fibres pFesénted a plcture (Fig. 3.1.15) which was drastically
Qifferent as compared to the controls. The well defined bundles
of collagen fibres running from alveolar bone to cementum, as
seen in the controls, were absent (Figs. 3.1.18, 19). ‘The
fibroblasts in this region wereA;ot arrangeé'in & random fushion
but were uggreéated into groups (Figs. 3.1.19, 20). These cells
lay close to cach other presenting-a palisade.grrangement with”
their lopg uxéé in the general direction of collagen -fibres
(Figs..3.1.19, 20). These groups of cells were separated by the
region of "hyaliniz@d" extracellular ratrix (Figs. 3.1.19, 20).
These areas of "hyualinized" matrix, under high power, weée found
.to be collaggn fibres arranged in 4 Tundom tashion withouf any
definite orientation toward the surfuces of cementQm or alveolar
bone (Figs. 3.1.19, 20). The insertion of the collagen fibres
in alveolar bone. was seen to be ond in certain areas opposite
the areas of hyalinized matrix afid not in a uniform pattern us
.in the controls (lkig. 3.1.21). 'The insertion of the tibres into
cementum was, however, tfound to be comparable to the controls
(Fig. 3.1.22). ) | ’

<

The cells which tormed-the groups, when viewed under high

power, were plump and oval as compared to the fusiform shaped

cells in the control periodontal ligament-(Fig. 3.1.23). These



A{\ L Y

cells showed intracellular vacuoles (Fig. 3.1.23).

Thé alveolar bone surface, i the controls, at the region
of horizontul and obliqﬁe fibres was quiée regular and did not
show any cavitation of ' the interdental septae (Fig. 3.1.7).

“In the B=APN treuted raté the interdental septae of the
alveolar-bone did not present as smooth surtaces as seen in the
controls (Fig. 3.1.15). ‘ \a

In the region of the root apex, the collagen fibres which 
extonded from the tip of the root to the bottom of the socket of
the alveolar bhone showed a regular pattern of arrangement in the‘JF
controls (Fig. 3.1.8). The fibroblasts also exhibited a pattern
of arrangement in rclation to collagen fibrcé similar to the one
deééribed tor other regions of the perioqontal ligument.

In the B-APN treatéd_rats, the apical region showed the
gtructures similar to the ones described in the region of
horizontal and oblique fibres (Fig. 3.1.24). The cells were
arranged in groups, although the groups were not us discrete as
in thé region of horizontal and 6blique fibres, und were
separated by areas ot hyalinized ratrix (Fig. 3.1.25)-. However,
the etffects were not as pronounced as 1n the region of the

horizontal and obligue ‘fibres.’
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3.1.3 ELECTRONMICROSCOPY

For ultrastructural analysis of the B-APN ipduced changes

3 in periodontal ligament the regions of horizontal and oblique
\

\ fibres and the region_kof‘apical fibres, the most eftfected areas
seen under light microscope, were examined after preparing the

tissue as described in @;terials and methods.

\

i
- ‘\(i) Effect of B-APN on Cells '

-~

\ The region ot

| —~— R

2
horizontal and oblique {fibres, 1in B-ABN
treated rats showed the fibroblasts lying in close approximation
| .
‘%o cach dther forming groups. No special junctional complexes

| . . ' PR - P r

between these cells were discernible (Figs. 3.1.28, 29). The

most striking changes in the ultrastructure of these -cells were
| L .

| .
qbserved in their mitochondria. The latter were enlarged and

|
I

:f{pp'eureq swollen. Quite often only a tew cristae were
’ ;‘iiscernible and sometimes no cristae were visible at all. . The
‘plectron density of the mitochondrial gutrix appeared to have
'l‘ldecreaséd. The outer mitochondridl mermbrane always appeared
‘Icomplete and regular while the inner membrane ®ualways showed
i distor;‘,ion. ‘ . ]
f.‘ The region of horizontal and oblique tibres, in controls, |
! showed fibroblasté which were elongated and brelsented a normal
| £ibrobla.st like appearance (Figs. 3.1.26, 27)'.‘ ’l’hey hdd a

normal complement of organclles and showed no distortion: of,

| their mitochondria.

[
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The region of the apical fibres of PUL of B-APN, treated
rats. showed fibroblasts which appeared swollen and did not ha&e
2 normal fQSLIorn shape (Fig. 3.1.30). The mitochondria appear-
ed enlarged and their crlstae were rreque;tly distorted (Fig.
3.1.30). These effects, however, were of lesser magnitude than
: thdse in the region of horizéntal nd oﬂlique fibres. .

The osteoblasts present in the PDL at the surtace of
alveolar bone, in B-APN treated rats, showed & normal cellular
norphology . Their mitochondria appearcd quite normal (Fig.
3.1.32). The cells which were away from the bone.sprface,,well
inside the periodontal ligament, showed rore severe effects on -
their mitochondrial morphology (Fig. 3.1.%}). |

In order to assess the effects of fixation and decalcifica-
iion, some muscle tissue was lett .attached to the Jaw bones
throughout the preparation procedure. These skeletal nuscles
did not show any effect. on thg—norphology ot thqir ritochondria
(Fig. 3.1.33). _ | ‘ .

The fibroblasts of the various regibns of the periodontal
ligament in the controls as well as B-APN treated ruts showed

well developed rough surtace endoplasmic reticulum. A slightly

dense amorphous r@aterial was sgen in the cisternal

lumen. ' Sometimes, 1in.the B-APN treated material, the cisternae
were dilated but no consistent ditferences were discerned. The
Golgi complex was -quite extensive . but again ng consistant

differences were apparent due to B-APN treatment (Figs. 3.1.26,



20, 30).

-

The cells, in ‘controls é.s well as in the B-APN treated

material, showed dense lysosome like bodies (Figs. 3.1.27, 29,

" 30). Those strﬁcturesmwnse granular”
material. Though it is .\if,fi.‘c.:‘ullt to- quantitate the‘number of
. these" bodies based on ulfrastruc_tural sfudy, the number
appeared to have increased in\the B-APN treated ma.teria.l (Fig.
3.1.29). . '
- o -
In B-APN treated rats the areas of hyalinized matrix, as
described in light microScopie observation, showed the collagen
o t;ibriis arranged in a manner’ .without any orientation. Some -

fibrils were even seen to form loops (Fig. 3.1.34).

(ii) Effect of B-APN on Collagen Fibril Diameter

To quantitate the changes in the diameter of collagen

-

-

'fibril§, the electronmicrographs from the reg,ions of "hyalinized
matrix" "rrom_ at least three animals were ‘enlarged (final
magnification X 'l, 10,000) and the diameter of 100 collagen
‘ fibrils were measured. ~ Similarly in the controls from the
region of horizontal a.nc-i oblique fibres, '1:he diameter of 100

collapgen fibrils were measured.

-

e .. Frequency distribution ot the diameter of collagen fibrils,

W o»

in the controls as well as B-APN treated rats, is shown in

. figure 3.1.353. In the controls the most fréquent‘ diameter” was
39 nm where as in the lath;rritic periodontal ligament it was
29.2 nm. ' | A |

A\—ﬁ

R
..
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3.1.4 HISTOCHEMISTRY

In order to evaluaté the acid pl';_osphatase activity
semiquarititatively, in different regions of the periodontal
ligament é.nd’ the _alveolar bone, 8 um _thick paraffin sections
were ii_lcubated tor acid phosp_hatase reaction according .to a
method described by Burstone (1958). An incubation time of one
hour was found to give most satistactory ‘results on these
sections. .

Although it is quite difficult to quantitate the enzymatic
activities by visual mlcroscoplc exanmatlons alone yet because
of the rarked differences between the two groups &n attempt has
been rude to estmate the enzymatic activity on a scale of 0-4.
These data are shown in the Table 3. 1.1. A detailed description

Y
of the location of apld phesphatase reaction in various regions

T

of "the periodontal 'ligament and alveoldn bo follows.

(1) Genepal Distribution of Acid Phosphatase

_Plg. 3. l 36 is a section through the r-xandlble of. the
.éontrol rat. No appreclable amount of the reactlon product ot
acid phosphatase 1s seen on the sgrface of alveolar bone a.nd
\dent’in. P;’Lg. 3.1.37 is a low power micrograptx of a section
through the mandible of B-APN treated rat. The acid phoSphatase
activity is seen as a dark .reaction produ%; on the surface qf
alveolar bone, dentin and in addition in certain regions of the

0

periodontal ligament.

-

]
"



(ii) Distribution in Different Regions i )
~

Region of alveolar crest fibreg. ’
There. WaS r;o appreciable reactiéh product of thi..'s enzyme in
the periodontal ligament as well as in, the &lveolar bone of the

controls (Fig. *3.1.38). -

-
Pe

In the MPN treated rats, both .thg—pe;iodontal ligament
and alveolar bone both showed‘\th\e tién for acid phosphatase
activity. In the perijodontal li;_i;ament the reaction producrt was
d‘iffused_ although certain si)ecific spots were quite dark (lFig.
3.1.39). However, at.the surface of the alveolar bone, the acid
-pk_rosphatase activity was so intense that it was difficult: to
recognize the morphology of the ‘stained cells (Fig. 3.1.39).

These cells were rei::rtively large and . from their ggﬁer ., appear-"-

-~ -

ance scemed to be osteoclasts. However, other cells which ap-
pearcd to be osteq-talasts' were also positiw_a for acid phosphat-
ase. The osteoc;ytes in their lacﬁnae, #soshowed a pc;s;tive
but slight reaction for aa_:id ‘ﬁ;hosph_atase (Fig. 3.1.40).

Region of horizontal and oblique fibres

The periodontal ligament and -alveolar bone of the controls, -

in the region of horizontal and oblique tibres, showed reaction
product for acid phosphatase which was present at certain spots
on dentin and alveolar bone surfaces. Some cells in the

periodontal ligament were howeve‘g positive. At %he alveolar

=

: boné_,surfuce, the large cells, osteoclasts, showed .intense ~

resction product and were occupying small cavities, the*

&
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Howship's jacunae (Fig- 3.1.40). The ﬁfteocytes on the other .
hand did not’ show any appreciable amﬁunf-of acid phosphatase
reaction product (Fig. 3. 1. 40)

In the B—APN treated rats, the region of horlzontal and ob—
ligue fibres, showed ifitense reaction product both on the suf-
-faces ;f alveolar bbﬁe as well as in the periodonfal iigamént. T ;
In the latter this activity was mainly in the cells, fibroblasts, .
wﬁich show a palisade drrdngenent and formed groups (as descrlb- .
ed in light microscopic observati?n), Fig. 3.1.41." Also some
other cells present in the periodontal lig&ment whiéh were not 7
arranged in groups, showed dark reaction product® (Fig. 5 1.41).

On the surface of the alveolar bone, the large cells which

‘ appéared to be osteoclgsts, showed intense reaction tor acid
phosphatase (Fig. 3.1.41). The osieoblasts on the boﬁe surtace
alSo bhowed the dct1v1ty ot acid phosphatdse but the reaction

. product was not 4s intense as in. the osteoclasts (Fig. 3.1.41).

‘ The osteocytes were also positive igr acid phosphatase reaction

(Fig. 3.1.42).

Ty
-3

Region of apical fihres
The controls, in the region ot apical tibres, showed no re-

action product in the periodontal ligament whatsoever (Fig.

3.1.42).

The only reaction product seen in this region “was on the.
alveolar bone surface in large cctls, the osteoclasts  (Fig.

<
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3.1.42).
e ‘ .
In B-APN ‘treated rats, the acid phosphatuse activity was .
again presept both in ;hé .peripdontal ligament as well as on the
alveolar bone surfaces (—Figc. 3.1.43). In the periodontal
ligament, the fibroblasts showed a positive feaction foracid
phosphatase however the activity was .not as intense as seen in
the fibroblasts of the region described ab;we (Fig. 3.1.43)..
On the alveolar bohe' surfaces, large cells, presumably
osteoclasts, stained very darkly tor acid phosphatdse acfi{rity.

The osteoblasts and osteocytes also showed dark reaction prod)uct

for acid phos?me (Fig. 3.1.43). / NNy

The rar\kjﬁney sections, ké’pt as control for the

histochemical reaction, showed the reaction product of acid
phosphatase .to be present in the cells of the proximal as well -

as the distal convoluted tubules (Fig. 3.4.12).

4






Fig. 3.1.1

Fig. 3.1.2.

72.

Both figures from the controls.

A microradiograph of the control rat hemimandible
taken from buccal view.. Area of molar teeth is
seen in the microradiograph. Between the two roots
of tirst molar interradicular septa 1is marked as
IR. In between first and second molars interdental
septa of alveolur bone is marked as ID. Note the
radicopacity of interradicular and interdental
septae. Arrow point toward the conical shape of
Interdental septae. Also note the height of
Interdental septa X 20.

-

~_:\hicroradiograph similar to Fig. 3.1.1. but taken
fram the ligual view. ID denotes interdental septa
while IR is interradicular septa. Arrow agzin

points toward conical shape of interdental septé X
20.

. .
s u;—'w.n—'a o s it
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Both figures tfrom the B-APN-treated group.-

hY

Fig. 3.1.3. A microradiograph from hemimandible of B-APN- fed
\\\H\_E’;§3,showing the area similar to Figs. 3.1.1. and
z1.2. Interradicular septa between the roots of
first molar is marked IR while Intepdental septa 1s
marked ID. Arrow points towards z blunt tip of

Interdental septa. Note the reduced radiodensity
as codggiszéo“the figures 3.1.1. and 3.1.2. There

appears a.general reduction in the bone
tissue X 20. <

Fig. 3.1.4. A microradiograph similar to Fig. 3.1.3. but tuken -
. from ligual view. Interradicular (IR) and
Interdental (ID) sceptae are seen here. Note the
radioclucency and blunt tip of Interdental septa X
0. .

-
&
e
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Fig. 3.1.5.

Fig. 3.1.6.

74.

» /-’ ’ : .
A microradiograph of a part of longitudinal section
through the control rat hemimandible. Note the
radiodensity and general presence of bone tissue X
50. . :

A microradiograph similar to Fig. 3.1.5. but tfrom
the rat fed with B-APN. Note the increased
radioclucency ot bone, increased size of marrow and
nutritive spaces and a general reduction in amount
of bony tissue X 50.

el
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All from the controls.
, —
Fig. 3.1.7. Photomicrograph ot part of the longitudinal section
) through periodontal ligament and alveolar bone of
- the normal rat showing dentin (D), alveolar bone
: (b). Arrow points toward alveolar crest and aryow
head towards transseptal fibres X 130.
. . . - ]
>~ Fig. 3.1.8 A section similar to Fig. 3.1.7. The =~ -
by . rmicrophotograph shows dentin (D), Cementum (C),
Pulp (PU), and the region of apicad<Xibres (AP},
alveolar bone (b), and regl O} oblique fibres. X
130. : : :
' ) Fig. 3.1.9. A higher power photomicrograph showing the
- insertion of alveolar crest fibres into alveolar
e crest (arrow).- Photomicrograph also shows dentin
- (D) and alveolar bhone (b) X 326.
- ¥
Fig. 3.1.10. A higher power photomicrograph of region of obligue
fibres (Ob. _F.) in.periodontal ligament of the
< control rats. Note the uniform pattern of cells
and collagen fibrc¢ arrangement X 326. \\,,
N )
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Flg. 3.1.11.

-

Fig. 3.1.I2.

Fig. 3.1.13.

" Fig. 3.1.14.

A high power photomicrograph of alveolar crest
fibre region ‘of the control rat showing insertion
of tke alveolar crest fibres (ALV) into bone (b).
Dentin (D) is towards the 'lower portion of
micrograph X 522. :

A Bigh power photomicrograph of zge control rat
periodontal ligament in the region of alveolar
crest,. Insertion of collagen fibrils towards
cementum of root is seen and dentin (D) toward the
left side of photomicrograph while the bone (not
seen here) is towards right side. Note the “regular
arrangement of cells and collagen tibres x.szz.

\

~

Reglon of obligue fibres (Ubl.F.) in the control
rat periodontal lipgament., Insertion of collugen
fibrils in this region is seen (arrow heads) into’
the the alveolar bone (b) X 52Z.

4

A highéf power photeomicrograph ot the regibn'San\\
in Fig. 3.1.13. The bundles of collagen fibrils
(arrow heads) arc seen inserting into alveolar bonc
{(b). The dentin (not see¢n) is towards the left
side of photomicrograph X 822.

UL
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Fig. 3.1.15.

-~

Fig. 3.1.16.

Fig. 3.1.17.

Fig. 3.1.18.

s

. transcptal fibres (tf), alveolar crest fibres

7.

P

All photomicrographs are from the B-APN treated
group-

A part of the longitudinal section throdggff:;
mandible of rat treated with B-APN. Region

(alv.), oblique fibres (Obl) and apical fibres
region (ap) is seen. Small arrow heads point
towards the hyalinized areas of extracellular
matrix of the periodontal ligament X 130.

L&@gion of transeptal fibres'(TF) and alveolar crest

fibres (ALF) are seen. Note the norrml arrangement .
of collagen tibres and cells in transseptal fibre
region byt hyalinization of extracellular matrix in
regién of oblique fibres (arrow head). bentin (D)
is at the right side while alveolar bone (b) is 1in
the lower lett corner X 3326.

A high anur‘photomicrograph from the region of
transseptal fibres, Dentin (D) is in upper right

_corner. While alveolar bhone (b) is in lower lert

corner. Note the regular arrangenent of collagen
fihres and cells in this region X 5ZZ. '

Hegion of obligue and horizontal fibres tfroam the
B-APN trcated rat periodontal ligament. Groups ot
cells (arrows), hyalinization of extracellular
matrix (arrow heads), alveolar bone (b) and bentin
(D) are seen in this region X 522.

&

™
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All photomicrographs are trom the B=-APN treated

Eroup. ] /”,/

Fig. 3.1.19. A hlgh power photaﬂlcrogruph trom the region ot

horizontal and obllque fibres of B-APN fed rats.
The ‘cells in groups (arrow heads) and
hyadinization of extracellular matrix (arrdW) are
seen X 522.

Fig. 4.1.20. A photonicrograph similar to Fig. 3.1.194

-

Fig. 3.1.21.

Cellular groups {(arrow heads) and hyalinized areas
of extracellular ratrix (arrows) are scen. Note
the irrepular pattern of collagen tibres in the
hyalinized areas. The regular pattern of the
control material (scen in Figs. 3.1.13 and 3.1.14)
is lacking in this ruterial X 52Z.

Hegion of oblique fibres of the B-APN fed rut
por10dont¢1 ligamoent. Insertion of collagen
®ribrils (small arrow) into alveolar bone (b) ure
secn.  Cellular groups (arrow head) and the
hyalinized area of extracellular matrix (big
arrow) are also scen. Note that lnsertion pattern
is quite ditfferent from that seen in the control
material (as seen in Fig. 3.1.13) X bHZ2Z.

Fig. 3.1.22. Region of obligwe: rfibres. Insertion of the PDL

-

collagen fibres into cementum is seen (small
arrow). Dentin (), cellular groups {arrow hoeuads)
and the hyalinized warcas of cxtracellular matrix
are also seecn X S5Z2Z.






Fig. 3.1.23

-

Fig. 3.1.24.

Fig. 3.1.25.

79.

A photomicrograph of the region of oblique fibres
of the B-APN tfod rats. The groups of cells (big
arrows). hyalinized areus of extracellular matrix
(big arrow heads) and intracellular vacuoles (smull
arrow heads) arc seen X 600. .

Region of the apicul fibres of B-APN fed rut
periodontal ligament. Root of a tooth (HT),
alveolar bone (b) and hyalinized areas of - |
extracellular matrix (arrows) are scen X 180.

A higher power photomicrograph of the area seen in
Fig. 3.1.24. Areas of the hyalinized matrix
(arrows) are also scen.  Note that extent of .

“the alteration in pattern of arrangenent of cells

“and collagen fibres, 1s not us severe as seen 1n
the region of obligue fibres ( Figs. 3.1.1Y and
3.1.20 ) X 326.



M




Fig. 3.1.26. A section through the regzion of obliyue tibres of the normal
rat periodontal lisaracnt. Several fibroblasts and collagen
. Fibril (CF) in between the cells are scen.  In fibrohlasts,
rough surtace endoplasmic reticulum (er) . raitochondria {arrow .
heads), and Golgl complexes (arrows) arc scen.  Note the random
arranpement of fibroblasts é_nii collagen fibrils. Mitochondria

13

“(arrow heads) show the normzel morphology X 16, 100.
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Fig. 3.1.27.

+ Fig. 3.1.28.

A lower power electronmicrograph of PDL f1é* the normal rats...
Several tfibroblasts and collagen fibrils (CF) in between the
cells are seen. Mitochondria {arrow heads) show a normal

.morphology X 6, 394. .

An clectronmicrograph of a section through the region of
oblique fibres of the B-APN fed rats. Parts of four
fibroblasts are seen. In between the cells are collagen
fibrils (CF). The tibroblasts show mitochondria (arrow heads)
with vacuolization of their rmtrix and dilated cisternae of thc
rough surtface endoplasmic rotlculum (er) X 7,980.

o’
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Fig. 3.1.29.

82. °

.

Both electronmicrographs from the B—APN treated group.

A high power electronmicrograph of the area similar to one scen
in Fig. 3.1.28. In fibroblasts, note the distorted
mitochondrial morphology (arrow heads), dilated rough surtuce

“endoplasmic reticulum (er) but a normal Golgi complex (g). In

extracellular matrix several bundles of oxytalin tibrils (Uf)
are also seen X 11,400.

‘Fig. 3 1.30. A section through the reglon ot &plCdl IleEb of the B-APN fed

rat pcrlodontal ligament. Several fibroblasts ére seen. In

the fibroblasts mitochondria- (big and sall arrow heads), rough
surface endoplasmic reticulun (er) and Golgi complexes (g) are
seen.  The extent of distortion of mitochondrial morphology is

wvariable in different cells. The mitochondria more severly

affected ure marked by.small arrow heads while those which have
less affects are marked by the 1drge arrow heads- Note that in
this region the effect is not as severe as seen in the region
of oblique: fibres ( Fig. 3.1. 29) X 11,400.

+
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All electronn;crographs from the B-APN treated Eroup.

< S

/4‘*" B

Fig. '3.1.31. Region cg‘cbllque tibres ot B—APN fed rats. The f1brob1asts

¢

-well .inside the periodontal Ilganeg; (PDL) show distorted -
‘mitochondria (arrows) while a cell towards the alveolar bone
has né effect on the mitochondrial morphology (arrow heads).
Alveolar bone is also seen (Bone) X 11 400.,

N T T T

. . _
_-Flg 3 1. 32 ‘§n osteoblasts with normal mitochondrial morphology (arrow

heads) is seen at the alveclar bone (bone) surface. Collagen
fibrils with their characteristic bandlng pattern are also secn
X 10,260. .

~Figu.3:l.33.'$keletal ruscle éells, prépared and processeﬁ like pemtodontal

ligament showing normal morphology of mitochondria {(arrow

heads). X 51;300. 5.7 .
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Fig. 3.1.34. Areu of the hyalinized %%Er&cellular matrix in region of
oblique fibres from the '}

disoriented and looped collagen fibrils (arrows) are also scen
X 17,100. 2y .

riodontal ligament of B-APN fed rats.
Collagen tibrils (CF) and oxytalin tibrils (Of) are seen. The

N PEVLUPE DY
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Fig. 3-1.36.-4 low power photomicrograph of section of normal rat jaw.

- Alveolar bone, periodontal ligament, and & tooth is seen. The
scctions have been incubuated for acid phosphatase localization .
(Burstone's method) X 75. : :

Fig. 3.1.37. A section similar to Fig. 3.1.36 but from the jaw of a rat fed
with B-APN, incubated for acid phosphatasc localization. Note
the dark reaction product at the surface of alveolar bone X
75.

4

Fig. 3.1.38. Region of alveolur crest ribres ot the normal rat periodontal
ligament. Alveolar bone (ALV) does not show any appreciable
reaction product. Periodontal ligament 1s also negutive.
Reaction product is scen only in %¥he largc cells (arrow) at
discrete spots X 588. ’

-«

4
“~

E
Fiw. 3.1.39. A photomicrograph of an areca gimilar to Fig. 3.1.39 but from-a
B-APN fed rat. Note the dark reactive product (arrow) on the
surface of alveolar bone (ALV) X 583. ‘

s
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Fig. 3.1.40. Region of oblique tibres from the periodontal ligament of
: i normal rat. The section has been incubated for acid
phosphatase reaction (Burstone's method). The dark reaction
. product is present at the discretc spots on alveolar bone (b)
surtace and in the periodontal ligament. The Dentin of ‘root- 1s
marked by -letters (DEN) X 585.

.t

'

Fl

Fig. 3.1.41. A section similar to Fig. 3.1.41 and incubated in a similar
. ranner but from the B-APN tfed rat. Note the dark reaction
product (arrow) at the surtface of alveolar bone (b) and in the
cells forming groups in periodontal ligament (hullow arrow).
Also notc that the osteocytes show durk reaction product X
588.

" !

v
- .

Fig. 3.1.42. Region of apical fibres from the periodontal ligament of a nor‘mzs.l“ii
rat. The section has been incubated for acid phosphatase
(Burstone's method). &mtoftm:umﬂluW)amiMNuﬂurhmc(m
arce seen. The dark reaction product is only present in the large
cells (presurably osteoclasts) at the surtace of bone (arrow) X
588_ . .

-

Figz. 3.1.43. A section similar to Fig. 3.1.43 but from a B-APN fed rat. The
. dark reaction product is seen on the alvedlar bone {b) surface
(arrow) and in cells ot periodontal ligament (hollow arrow) X
oRB. Lo

© ey



3.2 EFFECTS OF B—AMINOPROPIONITHILE ON BONE MATRIX FORMATION AND

ITS MINERALIZATION IN RATS

*The studies were done on rats as well a5 chicks. The

investigation on chicks is discussed sepurately in section 3.3.

This investigation involved rats. These were four week old

males of Sprague Dawley Strain. Their mean body weight was

recorded at the start of the e;-:periment and was 69 %2 gms.
) L

They werc divided into two groups. Une group was fed a normil

diet  (Purina Rat Chow, Ralston Purina cé., St.  Louis,

Missouri, U.S.4.), Fhe second  group '(experimental,) was  fed

Purina Chow plus B-APN (0.25%).

3.2.1 Effects on General Body Growth and Tibial Length

To- see the effect of B-APN o'n the gencral body growth and
on bones at orgun level the body weight and gibial lengths of
:ghe controls und B-APN rats were recorded at 5, 10 and 20 day
intervals during the ~ experiment. The body weight of the
controls was found to be 81.80 *0.374 g, 102.80 %1.113
grs and 161.40 ¥7,406 gms at a, J0 and 20 days respectively.
The body welight of the 'B—APN treated rats was 81.00 iO.;SZib‘
grm, 99.20 %1.356 ems and 153.80 *3.611 gms at 5. 10 and

20 days respectively..

The lengths of tibias of the control rats were 2.76

£0.024  em,  2.96 #0.023 cm  and  3.214 30,0104 o,

while those of the rats treated with B-APN were 2.75 f0.032

cm, 2.94 £0.040 c¢m and 3.220 *0.0217 cm at 5, 10 and 20 .
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days respectively.

These data “is also shown in Table 3.2.1. The values

reﬁreéent the mean ¥ standard error of the means for %data

from 5 rats. .

The incorporation of 3H-—Prdlifae. as a measure of bone -
, z
trix formation, and that ot 3H-Tetracyclir_hg_, as a rneasuré of

— -

mincralization, in the controls and B-APN treated rat bones was
o — ;

analy?.:cd. The rationale for the use of thesc isotopes is
discussed on page 178 . This study wus done in three phaseé.

-,

3.2.2 H-Proline and SH-Tetracvcline bynamics

In the first phase, to determine the time by whiché the
3H-Proline and 3!1-’I‘etrucycline become  stabilized in bénes,
the normal rats were injected intrapérifoneally eithér éwith
3i1—Te:crucycline (3 uCi/l00 gm body weight, sp. activity% 570
uCi/mol), or with 3}-Proline {10 u(:‘i/BO- g body \a;eit{m:,i SpP.
activity 248 uCi/n mol). The an'ir.::als were sucrificed at b, 12,
18, 24, 36 and 48 hours after dosing. The equal lengthés of
thelir tibial_diaphyses' were prepared tor liquid scintillgtion
counting as described in the materials and methods. I‘he CkM
{counts pei:‘ milh'ute)/l.UO mg. wet tibial weights were calcul:ated.

The radioactivity left in normal rat bones at ditferent
time intervals after admin_i'stration of 3H—'l‘etracycline; and

3y-Proline is shown in Figures 3.2.1, 2. Initially the

CPA/100 mg wet tibial weight were very high but as the Time

L rea o ettt



ol.

elapsec! the counts decreased and became stable at about 36 hours

[
and did not change appreciably thereatftert On basis. of this
experiment the sacrifice time of the rats was decided to be 36
hours. (for further discussion of: this point see pagel78 ) arter

administration of isotopes, in all turther investigations.

5.2.3 Effects of B-APN on Dynamics of  SH-Proline and

3li-Tetracycline

A similar experiment was conducted with the rats which had
becn fed a diet contalnlng B-APN (0.25%) for 20 days 10O see it
B-APN mght have any ¢&ffect on the- t:me of stabilization of

radic activities of the two isotopes. The radioactivity left in

the bones of these rats, at different Yime intervals after

administration ot 3H-Tetracycline and 3H4-Proline is shown in
Figures 3.2.3 and 4. The results of these experiments were
quite similar to the one conducted on normal rats. -

3.2.4 Effect of Dose Variation of  SH-Tetracycline on

Radioactivity in Bones

¢

Tetracycline has a very high affinity for bone because ot
jts capability of raking cmplexés with calcium ions at the bone
surface. in order to evaluate the cffects of different doses oL
tetrdcycllne}on the amount of md10ac:t1v1ty obtamed 36 hours
after admnlstratlon, the normal rats were injected with twwo
doseb of 3H-Tetracyc11ne varyldg by a factor ot ten (1. 7 and
17 uCi/100 gm body weight}. 'i‘he CPM/lOO np; wet tibial &Elght,

obtuained at 36 hours, with two doses ure shown in Fig. 3.2.5.
&
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On the basis of this experiment it was decided that a small dose
is sutficient to obtain high enough counts.

3.2.5 Effects of B-APN on_ 3H-Proline and  Si-Tetrscycline

Incorporation

In the final phase of this isotopic incorporation investi
;?;ations, one group of animalg was fed a diet containing B-APN
(0.25%) whereas: the éont‘rqls were fed a diet described above.
Three rats from each group were injected either 3H—Tetra.c:ycline
(3 uCi/100 gm body weight) .or 311-'1':‘roline (10 uCi/100 gm body
weight) at 5, 10 and 20 dyqys after the start of the experiment.,

The (PM/100 mg_wet tibial weight was ca,lcul'atec_i trom the
equal lengths of tibial diaphyses of the rats sacrificed thirty- _‘
six l:lours after the administration of SH-Proline a.nc;l’ SH-Tetra-

cycline by prebaring their bones -tor liquid scintillation as des-
: :

cribed earlier. The incorporation of SH-Proline and SH-Tetra-—

cycline was then calculated as-a perc?ntage of the initial dose

administered and is shown in Table 3.2.2. The values represent

the mean ¥ standard error of means for bones from 3 rats.

At day 5, the ineorpcoration of 3H-Tetra.cyc1irie into bones.

of B-APN fed rets was 1.21 *0.018% while that of controls
was 2.02 £0.187%. " The incorporation 'or“ SH-Proline. -into
boneé ot pontrols and B-APN \;‘;d rats was 1_.193 0.05%% und
1.096 *0.055% respectively. S

At day 10, the incorporé;t‘ion cﬁ' 3H-’l-‘étré.c':yciine 'in_ the-

-



Qe

3.2.6 Effectst of B-APN \

Wl

controls and B-APN fed rats was 0.833 %0.0148% and 0.674

-

*0.0128% respectively while that of JH-Proline ~was 0.270

£0.002% and 0.261 £0.008%.
4

At day 20 the percentage of - 34-Proline and 3H—T¢tragy—
cline incorporated into the bones of thé controls and B-APN fed
rats was 0.34Y9  £0.012%: 0.327 f0.012% and 0.474

. v -
£0.0108%: 0.406 *0.009% respectively. /—h\K

—?Eﬁure 3.2.6 shows _a comparison ot the bone .mat;ix
synthesis = us 'shown by <H-Proline incorporation, and the
mineralizationl indicated by 3H—Tetraéycline incorporation *in
the controls and B—AbN treated rats. .

Linear Bone Apposition

To obtain a correlatdon of morphological technigne with the
: ) N

radioisotopic techniquel, the ‘linear bone apﬁosition was measu;ed

N

with, -the help ot tetracycline fluorescent labelling techni ﬁe._

The sections obtained from tibial diaphyses at tibiofibular -
synostosis as described in the quterials and methods, tfrom rats
sacrificed 36 hours aftér tetracycline injections at 5, 10 and

L ]
20 days, were examined under UV light for tluorescent miero-

-

-scopic measurements. With fluorescenf}gicroscopy two purameters

were measured. 1@ the width. of bone matrix present between
each two consecutive labels (0-5; 5-10; 10-20) from cold tetra-
eycline administered raterials at 0, 5, 10 and 20 days. 2: The [//
width ot the bane‘between the labels at O day and that 6f day 20

(0-20).
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The linear apposition of bone between each time interval
and the total linear bone apposition between. the start ot
experiment and its termination 1is shown ily Table 3.2.3. ‘The

values represent mean * standurd error of the means -for data

from at least fiVe cross sections from different ra.t;.

The Figures ;3.2.7, 9 and 11 are from the control rats while
i’igures 3.2.8, lq and 12.are from the rats treated with B-APN.
T;e Figures 3.2.7 and 8 show the bands from gold tetracycline
administration at O and S days. Figures 3.2.9 and 10 ‘show 3
bands from 05 5 -‘and 10 day cc;ld tetracyélin-{a administration.
Figures 3%2.11 and 1Z show fc.mr _1abels_from colq tetracycline
administered at Oy 5, 10 and 20 days.> The first label from cold
tetrucycli.ne fz;i:f.cn at the start of experiment (O day) is seenlon
the endosteal syurtace. | 'l‘he-cj_istrlbution and intensity of the
tetracycline labels werc tound to be sirilar in the controls and
B-APN - treated r‘a"cs.‘ Th-e . differences in intensity seen in

various - photomlcrogra.phs are not real as there 1s always some

ﬁéi fluorescence during UV study.

N
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\

Figures 3.2:7, 9 and 11 are from the control rats while Figures 3.2.8, 10 and 12
are from the rats treated with B-APN. Figures 3.2.7 and 8-show the
bands trom cold tetracycline adninistration of O and 5 daysx
Figures 3.2.9 and 10 show threc bands tfrom U, 5 and 10 days- .
Figures 3.2.11 and 12 show four labels from cold tetracyeline N
administered at 0, 5, 10 and 20 days. XZ20. '

*
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3.3 EFFECTS OF B—AMINOPROPIONITRILE ON BONE MATRIX FORMATION

AND ITS MINERALIZATION IN CHICKS

3.3.1 Rationale for Study on Chicks

In the rat diaphyseal growth, the bohe matrix fofmation not
only takes place on the . periosteal surface-bUQ alsb at certain
Jocutions on endosteal surface. In addition jt was found rather
impossible to take into account the bone reaorptlon.- The growth
of the diaphyseal bone ih chicks, prebentb a4 simpler system
where the bone growth takes place malnly on the perlosteal
surtace and the resorption on the endosteal surtuace (Jandu.
1971). It is thus easy 1o follow the location ot tetracycline
fluorescent bands for the experimenté of longer duration._

Also, a species diffefénce in sensitivity to B-APN has been
suggestedlby Barrow et‘al., (1974).

This study WIS conducted in two phases. ‘In the preliminary
phase, 1O establish a dosg‘of BfﬁpN which will not inhibit the
general body growth: two week old white Leghorn rale chicks
were fed diets containing B-APN (0.05%, 0.1U% or 0.25%) in three
separate groups.

The chicks on the two higher doses showed u severe retarda-
tion of body weight gain and tibial length after one week. On
this basis, for further e;pé;iments, only chick§ on %he_diet
containing 0.05% B-APN were used. The controls were feq a chick

biostartena diet (Purina Co.. Whitby, Ontario).

" a -
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3.3.2 Effects of B-aminopropionitrile on General Body Growth and

Tibial Length : #

For evaluating the effect of B-APN (0.05% of diet) on
general body growth and tha.)t of bones at organ level the body )
weighf anc:i_tibia.l lengths were recorded at 7, 14, and 21 days
of the experirent. ’

- The changes in body weight and tibial lengths, during the
experiment, ‘of controls and B-APN fed chicks are shown in Table
3;3.1; _The values represent the mean ¥ standard errors of .

the reans for data trom at least six chicks. The body weight of

the control chicks was 211.00  #15.84 gems, 314.40 Z*14.11

o

. d
gms and 465.40 ¥5.17 gms at 7, 14 and 21 days respectively.-.

' The body weight of the B-APN fed chicks was 209.00 7.97
grs.  313.60 111.72 gms .and"467.20 *5.58 gms at similar
intervals as mentioned for the controls. The tibial lengths ot
the controls were 5.200 ¥0.008 cm, 6.21 20.090 om and
7.63 £0.0674 ch at 7, 14 and 21 days mgectively wbi.le that

_of B-APN fed chicks were 5.457 0.060 cm, 6.17 %0.050 cnm

and 7.662 ¥0.037 at similar intervals.

3.?:.3 Effects on Bone Ash Contents y

To evaluate the effects ot B-APN on mineral contents of tr:-e
bones, the .‘bone ash contents were determined according W &
method of Rosenquist et al., (19?7) us described 1in the mater-

ials and rnetho::ls.

The -bone ash contents of the controls and B-APN treated

v
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chicks are shown in Table. 3.3.2. The. values represent mean

I standard error of the means for data from six chicks -in

duch group. The bone ash contents of the controls were 63.37%,

62.62% and 61.79% while those of B-APN fed chicks were 60.57%,
A% - .

60.54% and 59.49% at 7, 14 und 21 days respectively.

3.3.4 Effects on Serun Calcium Level \ .

The serum calcium level is an indicator of stability of the

calcium homeostasis.. The B-APN effect on this parameter was
>

evaluated by measuring the sertm calcium level as described in’
an earlier scection. The data aguain represents observations from.
si% chicks in each group.. The serum calcium level of the
contrqls was  10.02 %0.18 g%, 9.82 10.;4 mg%_ and 10.12
to.lif mg% w?ife that of the B-APN fed chicks was 9.76

$0.31 me%, 9.6 f0.30 mg% and 10.11 .09 rmgh at 7,

.

14 and 21 days respectively.

3.3.5 Microradiography’

Figﬁfes 3.3.1, 2, 3, 4, 5 and 6 are the microradiographs of

. 4

cross sections of tibial di&p@yses of the controls and B-APN

4 -

treated chicks at 7, 14 and 21 days. T .

The size of the lacunur cavities and ‘radiodensity of the

«

bone- appears similar in both groups. In addition fto evaluating
" the radiodensity of bone cross sections another two parameters’

were measured from the microradiographs.

1. Total cortical cross seéection area, and 2. total

medu}lary Cross scction area. These two parameters, provide
- : 4

intformation about the total bone formed and also about any’
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differences in ;esorption between two groups 4t the endostéum
leéei. |
(1) Effects on Total Cross Section Cortical and Medullary Areas'
The total cross section cortical urea and total cross
section medullary area in the controls and B-APN ted chicks ure
shown in Table 3.3.3. The values represent mean * SE of the
means for data from at leust 5 chicks in each group.
~ The total cross section cortical area in the controls was

5.246  *0.3025 2,  5.529  F0.381  mm¢ and  6.559

+0.387 < at 7, 14 and, 21 days while similar ‘measurements

frqn the. B-APN tfed chicks gave values'of 5.531 10.190 rm<,

5.316  *0.316 m?2 and 6.746  0.234 . m<2 at - similar

intervals as descri?ed for the controls.

The total ‘cross scction medullary arca in controls was

3.853  %0.155 ml,  3.940  20.218 2 r‘;?é 6.264
| iO.l§4 e while 1in thz B-APN} ;ed- chicks 1t was 4.055
£0.135 ¢,  4.045  *0.186 m? and  5.881. 0.36Y
mn? at 7, 14 and 21 days respectively. -

ke

3.3.6 Fluorescent Microscopy

The techniqu;\?f fluorescent microscopic labelling was used
({._,/
€ l

to determine th inear bhone apposition in the controls and
B=-APN treatced chicks during the experiments. The Fipures 3.3.7
and 8 show the tetracycline labels tfrom the injections at 0, 7,
' . ) . : .
14 and 21 days in the controls and B-APN fed chicks respect-—
ively.
)
/

i .
A

Y
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(i) Effects on Linear Bone Apposition

The linear bone apposition measurements were rade trom the

outer edge ot preceeding label to inner edge of the current
bandﬁ: The measurements were taken from at least 5 seciions
taken ffom 5 different chicks in each group. -
“The linear bone upposition in the controls was U53.06
tg94 um, 187.88 *4.62 um and 161.51 *5.82 um at 7,
14 and 21 days interval. The linear bone apposition in the
B_APN fed chicks was 358.33 ¥8.74 um, 187.44 4,68 un
and 158.22 %3.36 um at 7, 14 and 21 days interval respec-

tively.

4.3.7. Lffects on Lncorpdrution of 3ji-Proline and

-.~ 3H-Tetracycline ' .

Since we had established in rats, the time ol "sucrifice

after. radiois&topic administration and other paréfete:s to
evaluate the bone matrix formatioh  @and  its mineralization
with the help of '3H-proliﬁe and 3Hétet;&cycline incorpora-
tion measurements, & similar time wué used }or the  study on
chicks.

Thirty-six chicks were divided in two groups. The controls
were fed.normal chick food (us Eéntioned ecarlier) and the second
croup was fed a diet containing B-APN (0.05%) for three weeks.

The CPM/100 mg wet tibial weight werc calculated from the
equal 1enéths 5f-tibial diaphyses of 6 chicks in each group,

sacrificed” thirty-six hours after the administration ot
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3H—prol;ne (10 uCi/60 gm body- weight) or with -3H-tetracy—
cline (g uCi/100 gm body weight) at intervals of 7, 14 and 21
days, by preparing their bones for liquia scinfillatién counting
as described.earlier.

These results are shown in Table 3.3.5. The values
represent the mean £ standard error 61 the means for the
data from at least 6 chicks.

The incorporation of 3H-proline in the cdntrols was
1.2452 *0.0845%, 0.1808 *0.004% and  0.1119  *0.0017%
while that in the bones of B-APN_ treated chicks was 1.2810
£0.0044%, 0.1815 *0.0039%, 0.1145 to.hoosz% at 7, 14
and 21 days respectively.

The incorporation = of 3H—tctra¢yc1iné vcalculated as
percentage of initial dose administered is also shown in Tuble
 3.2.5. It was  4.0767 10.1080%, 0.2418 %0.002% and
0.2079 %0.006% 1in* the controls while 3.433  $0.0681%,

0.2184 20.0057% and 0.1536 20.005% in the B-APNa ted

- -

chicks at 7, 14 and 21 days respectively.
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o

Figures 3.3.1, 3 and 5 are microradiographs of the tibial cross sections tfrom
the control chicks while Figures. 3.3.2, 4 and 6 are the ricroradio-
graphs of B-APN treated chick tibial cross sections. X15

i
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Flgure ded 7.7A part of the control chick tibial cross section under UV light
Tl  administered cold tetracycline at O, 7, 14 and 21 days. The band
- present at the top of picture represent the injection at 21 days.
X75.

-

o

Figure 3.3.8. A UV photomicrograph similar to Figure 3.3.7 but from the B-APN fed:
chicks. X75. .

~ v
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3.4 }:.FFECI‘S QOF B-AMINOPROPIONITRILE" QN BONE~MATRIX FORMATION AND

ITS MINERALIZATION IN CHICK EMBS%S& \\\:;;;; :
The eggs' fron White l.eghorn hens were in this..

investiga.tion. On the 7th._day of 1ncubat10n the B~-APN (100 ul

of 0.1% squedus solution) was injected in the air chambeérs as

explained in the materials and methods. The controls were

injected Sod. fumarate -in similar quantities. The adminisﬁ:g—-

tion continued until day 11. g ) R
At the time of saerifice, day 12, there were no rortalities

in the controls as well as in the eggs injected with B-APN.

3.4.1 Efiects on General Body Growth and Tibial Length

The body we).ght of the embryos from the controls was 3.4762
£0.247 gm while thatl of B-&PN - treated embryos was 3.6256
%0.076 gm. These data are shown in Table 3.4.1. The values

in the table represent mean 't standard error of the means

and these values are based c;n the 6bservations from at least 5
embryos in éach group. ‘

Tibias from the embryos which were injected B-APN were
slightly 'b.ent in the middle- (Fig. 3.4.1). The incidence of
deformed tibia was present in one hundred percent of the enbryos
injected with B-APN. | |

The length oI the tlbms in the controls was 6.08 0.01.

mm while that in the B—APN ted embryo.&- was 5.96 0.02 rm.

These data is also shown in Table 5.4.1.

-
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. 1% .
3.4.2 Effects on Bone Ash Contents S . R

'Ih? bone ash contents of the tibiuas 1t‘rom the controls and

kY

B_APN treated embryos are shown in Table 3.4.1. The bone ash

contents in  the “controls were 18.717 i1.()’2_’9-3‘}6 of the net
tibial weight while in B-APN injected embryos 1it. was 15.2238

' v ‘k?'—-'_
£1.0638% of the net weight. ?

3.4.3 Effects on Incorporation of 3H-Proline and’-

3H-Tetracycline

To see the effect ot B-APN on the bone matrix tormation and

its ‘mneraliza.tj.o;l the inco(rpora.};ion of ~ 3H-proline and

4 . '

3l{-tctr&chli?1e was snalysed in the mineralized portions ol
7 .

embryonic tibias. ~.Jhe CPM/5 mg wet tibial weight from the

_minerfalized portions of embryonic tibias of chick’ égnbryos,

injected either 3l-proline (1 uCi/embryo) or with Sli-tetra—
cycline (1 uCi/embryo) on llth.day and .sacrificed thirty-six
hours later, were calculated. The  incorporation ot © both
isotopes, was calculated. as the percentuge ot initial dose
administered/_B mg tibial weight and 1is shown in Table 3.4.2.
The values represeélt mea-ns * standard error of t_he means fqr_
the data from at least § embryos 1n each group. .

'_I'he incorporation ,of 3l-{—proline in the controls wus
0.2612 ¥0.172% while in the B-APN treated embryos it was
0.2600 *0.055%. The incorporation of Jli~tetracycline  in
che controls was 0.1006 %0.014% while it vas 0.1021

£0.0056% in the B-APN treated embryos.

[

-
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3.4.4 Effect Of B-APN On Certain Enzymes In Bone and Liver

[}
LS

Tissues

(1) Biochemical Assays

The Betivity of al.kali-ne phosphatase, Ca**-ATPase,
Nat, K'-ATPase, in mineralized portions of .embryonic tibias
and embryonic liver tissue, was measured in membr'ane fract-ions
isolated from the tissues as described in the materials and met-
hods. The subcellular particles isolated from the embryonic'
bones and liver, as described in r.j;a:i:erials and methods, were
used to measure the activity-'of the acid phosphutase.

The adtivities of alkaline ) phosphatase, Catt-AThuse,

‘Nut, KY-ATPase und geid phosphatase in bones of the controls

-

and B-APN treated embryos' are shown in Table 3.4.3. The values

_represent means £ SE of the mouns -for data from at least 5

.
v N P’y

experiments. -

The alkaline phosphatase activity expressed: as uM p-nitro-

phenol released/mg protein/hour was 308.40 i23.99 in the
controls and 119.20 %3.3 in the bones of B-APN treated emb-—
ryos. ) \ ' ' .

'lhe'_acpivity of Cautt-ATPuse cxpréssed as uM Pi-releas-
cd/mg protein/hour in the controls was 84.02 $0.58 while it
was 12.31 £ 0.30 in the B-APN treated embryonic bones.

-~ -

The -acid phosSphatasc activity is cxpressed us uM p-nitor-

phenol/mg protein/hour. In the controls it was 3555.00 %

494.8 while in the B-APN treated embryos it was  4965.00

1204.10.
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Na™*, K*_ATPase activity, expressed as uM Pi-released/mg
‘protein/hour, in the controls was 36.94 *7.1 while 1in the
~ B-APN treated embryo bones it was 32.60 12.198. .=

The acti.vities of alkaline phosphatase, Catt-ATPuse,
Na*, K*t-ATPase and acid ﬁhosphatase in li.ver tissue of the
controls -and B-APN treated embrr.'yog are shown in Table 3.4.4.
The vaiues represent ¥ stundard error ot the ‘means tor data
~from at least S5 experiments.

The alkaline phosphatase activity. was 50(9‘.00 t44.‘77 ‘uM
p—nitorph_.(anoi/mg protein/hour in the controis Whilel. in the B-APN
treated embryonic liver it was 560.00 *40.43 uM p-nitrophe-
nol released/mg protein/hou‘r. | | |

Cat*_ATPuse  activity in the controfs Wiy  106.20
£7.28 L;M QPi released/mg p;'otein/hour while 1t was 104.88

¥ 7.13 uM Pi released/mg protein/hour in the B-APN treated

embryo liver tissue. -

The acid phosphutase activity expressed as uM p-nitrophenol

released/rr#z, protein/hour in the controls was 2960.00 £307.65
while it was 2837.00 %114.47 in the B-APN tréated embryonic
liver tis$ﬁe. .

Nat, -K'-ATMAse wactivity in the controls . was 4v.03,

+5.3 uM Pi released/mg protein/hour. In B-APN trg chick

erbryonic tissue it was 51.23 Te.6 uM Pi  rele

protein/hour.

P e
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(1ii) Histochemistry

In order to see the locale of the enzyme alkaline ‘
phosphatase and acid phosphatase, these enzymes were localized

histochemically_, These two enzymes were also " localized at

) ultrast ructural level. -

(a) Alkaline Phosphatase

(i) Light Microscopy

For localization of alkaline phosphutase the technique of
Burstone (1958) was used.  The incubation wus carried out for 30

and 60 minutes and the photomicrographs represent sections
incubated -tor 30 minutes only.
The reaction product wuas present mainly at the periosteal

L

surtface with littie or none at the endosteal surface (Fig.
¢ . .
3.4.2). The osteogenic cells and osteoblasts showed " the redc-
tion while the outer layers of cells of periosteal cnvelope were
negative (Fig. 3.4.2). The osteogenig:hcells und osteoblasts
showed reaction product on their plasmai membranes which, under
high power, . appeuregi as dark rmterial on the cell membranes.
(Fig. 3.4.3). 'The cells lining the surfaces of newly lormed

bone trabeculae also showed & positive reaction on theifr

The control sections from rat kidney, tixed and further -
prepared in a manner similar to the bone samples, showed the
reaction product on the striated border of the.cells of proximal

tubules of the Kidney (Fig. 3.4.4).
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-

(ii) E.le;’ét‘ronmicroscopy

v

The localization of alkaline phosphatuse .a\t ultréstructurg.l
level was done according to method described by Bernard (lY78).

An incubatioﬁ time of 45 minutes was found to give very
satrisfactory results.

The electro?imicroscopy confirmed our observations' of light
micr‘og;gppy. TheRcells lining the inner layers of periosteul en-

velope showed an electron dense granular reaction product on

their plasma membranes (Fig. 3.4.5). The reaction product was

not only present on plasma membranes of ¢cells irmediately next
to the osteoid surface, but was sesn. on the plasma membranes of

many layers of cells (Fig. 3.4.5). In fact quite often, the

< -

cell membranes towards pre-osseous zone did not show any reac-

tion product of the alkaline phosphatase activity (Fig. 3.4.5).

-

The osteoblasts forming the bone membrune over the preosseous
. . - .
zone showed reaction product on tHe plasma membranes where the

cell membranes were apposed to each other (Fig. 3.4.6);

The cells of the outer layers of the periosteun, . believed

" to be tibroblasts, did not show any reaction product (Figs.

3.4.5 and 3.4.7).
The matrix vesicles, in the preosseous zone of the bone
matrix, were positive for alkaline phosphatase reaction (Fig.

3.4.8). . The reaction product was not only present on their

membranes but their interior also showed an electron densae

granular reaction product (Fig. 3.4.9).
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-In rat kidney sections the -reaction product was present in
the striated border of the cells of the proximal convolﬁted

tubules (Fig.-3.4.10). . "

The cells of the outer layers of the periosteum, believed

to be fibroblasts, did not show any reaction product (Fig.
3.4.5).

(b) Acid Phosphatase

(i) Light Microscopy

The acid phosphatase was localized according to method of
Burstone (1958). The oply re?ction product timt could be obger—
ved 1in Ccross secti;ns of_embryonic tibia, was present al the en-
dosteal sdrface (Fig. 3.4.11). The cells which showed a posi-
tive reaction were very large. Thé:bverwhelmihg presence of
~ reaction product inside those cells ‘made it difficult to recog-
nize the cellular rorphology (Fig. 3.4.11). Tﬁ% osteoblasts,
chondrocytes and thc'fibroblasts of the periosteum-did'not show
any reaction tor acid phosphatase whatéoevcr (Fig. 3.4.11).

In kidney sections, kept us,control tor the histochemical
technique, the acid phosphatase actiﬁity was present intracellu-
lary in the cells of proximal as well us. distal convoluted tub-
ules (Fig. 3.4.12). The reuaction product appeared as discrete
voesicular structures presurably lysosomes.

(ii) Electronmicroscopy

For cytochemical localization of acid phosphatasu'the_retﬁ— 7

od of Gomori (1943) modified by Barka and Anderson (1Y63) were used.

e A b L Apaais St beaat Gl AN L

..
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At the ultrastructural level the acid phosphatase activity,
indicated by the presence of electron dense precipitate, was
localized in the dense vesiculai‘ structures presumably lysosomes

) v

in the osteoblasts (Fig. 3.4.13, 14). There was some fibrillar

material present in these dense bodies (Figs. 3.4.15, 16) and -

. these findings are gsimilar to the ones of Jande and Grosso

(1975). In some osteoblasts small amount of acid phosphatase
reuction was also present in association with Golgi saccules and

vesicles (Fig. 3.4.16).
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Fig. 3.4.1. Photomicrograph of tibias from the controls and B-APN treated
chick embryos. Note the deformity in B-APN treated tibias X
6. ‘ .

2
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Fig. 3.4.2.

Fig. 3.4.3.
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1

All photd&icrographs from the edntrol chick embryocs.

A low magnification photomicrograph showing a part of the chick
embryo tibial cross section, incubated (30 minutes) for
alkaline phosphatase. The dark reaction product is seen mainly
in the inner periosteum (arrows) and on the surface of ~—
peripheral trabeculae (arrow heads). The outer fibrillar
layers of the periosteum (asterisks) are negative X 160.

A higher magnification photomicrograph of a trabecula (bt) from
a section similar to that of Fig. 3.4.1. The reaction product
is seen on.the osteoblast surfaces (arrow heads) and in the

_sirmmture bone (arrow) X 720.

Fig. 3.4.4.

-

A photomicrograph of a rat kidney cortex section, incubated
similar to that of Fig. 3.4.1. Note that the reaction product
is only in the striated border of the cells of proximal
conyoluted tubules (arrow heads) X 1440.
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Fig. 3.4.5.
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S

A section passing through the zone of initial mineralization
and Osteoblasts (OB) lying adjacent to preosseous tissue. (Pre
Os.). Material was incubated for alkaline phosphatase reaction
(Gomori Method) for 30 minutes. ULark electron dense reaction
product is sSeen on cellular membranes (arrow heads) and in the
pre osscous tissue (arrow). Also seen in pre osseous tissue
arc collagen fibrils (Cf) with their characteristic banding
pattern. At upper right side of the picture 1is periosteun
(Periost.). Note that cells in this region do not have any
reaction product associated with their plasma membranes X
16,100. Normal chick material.
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2 o,
Parts of three osteoblasts (OB) forming the bone membrane. The
raterial was incubated for alkaline phosphatase. The reaction’
product is associated with plasma membranes (arrows) and even
at the surfuce where osteoblast plasma membrane is apposcd to
the membrane of adjacent osteoblast X 82,080. Normal chick

material.

Fig. 3.4.6.
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"

” .
High power electronmicrograph of an area adjacent to zone of
the initial mineralizution from chick embryonic tibia incubated
tor alkaline phosphatase (Gomori method). Note the dark
reaction product on cstcobléiStic plusma membranes und in the
pre osseous (Pre Us.) tissue (arrow heads) X 27,360. Normal.

JT~.chick material.






Fig. 3.4.8

Fig. 3.4.9.
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Both electronmicrographs trom the controls.

An electronmicrograph from part'of a cross section of embryonic.
tibia incubated tor alkaline phosphatase. Note the electiron
dense reaction product (arrows) on the plasma membranes of

* osteoblasts (OB) as well as (arrow heads) in the osteoid (Us)
A

X 16,100. | -

~ . )

A higher ragnitication elecfronmicrograph ot the area rurked in
Fig. 3.4.8. The electron dense reaction product _(arrows) is

. seen clearly on the plasma membranes of osteoblasts (Ob). In

‘the josteoid (Os) the reaction product is present mainly in
relation to matrix vesicles (arrow heads) X 51,300.

.
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Fig.

3.4.10.

J.4.11.

3.4.12.
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All figures from-the control material. ,

A photomicrograph of section of the cortex.of Kidney incubated
for alkaline phosphatase reaction (Gomori method) Arrow heads
point toward the dark granuular reagtion product in striated
border of proximal convoluted tubules only X 150.

v

A photomicrograph of the cross section ot chick embryonic tibia
incubated for acid phosphatase (Burstone's method). Lark
reaction product is secn in the osteoclasts on the endosteal
surface (arrows) X 110.

A photomicrograph of section from the cortex of kidney

incubated for acid phosphatase (Gomori method). Note the dark

reaction product (arrow hcads) intra cellularly.in the cclls .of
convoluted tubules. There is no reaction product present in
the striated border of proximal tubules X lSU.é
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% All figures from the -control material.

Fig. 3.4.13. An electronmicrograph of the section from chick embryonic tibia
. incubated (30 minutes) for acid phosphatase. Distended ends ot
Golgl saccules (asterisk) are seen and dark grannular reaction
product is seen in association with Golgi saccules (small
arrows) and inside the typical lysosome (arrow head). Some
fibrillar material is also seen in another lysosome (big arrow
head) X 82,080.

. - -

Fig. 3.4.14. A similar Sectipn as seen in Fig. 3.4.13. Dark reaction
product is seen in a lysosome (arrow head). Also seen is some
fibrillar material inside the lysosome X 84,080.

Cl
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e ]
Fig. 3.4.15. A high power lgetronmicrograph ot Golgi region (asterisk) seen

. in Fig. 3.4.13. Note the dark reaction product on the walls of
distended ends of Golgi sgccules (arrows) X 82,080.
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3.5 EFFECTS OF B—AMINOPROPIONITRILE ON BONE MEMBRANE ON THE

PEIHOSTEA.&-SE&FACh OF CHICK EMBRYONIC BONI:b

A FEEZI; 1aye}>’6;’7;§tegplasts lining all the Iormatlve

surfaces of bone has been described as "bone rembrane” (Talmage,

1969, 1970, . almage et al., 1970 Tonna 1978).

Electronnicroscopy o

In our study of chiék embryonié bones, a similar arrange-
ment of ostgoblasts was observed in the gontrols (Fig. 3.5.1) as
well as in the bones of B-APN treated embryos gFig. 3.5.4). In
12 days old chick embryos, osteoblasts and: preosteoblasts lined
" the periosteal surfaces 1n the controls aslwell as B-APN treated
chick embryos (Figs. 3.4.-2 and 3.4. 5) The iully dlfferentlated

osteoblasts vwere in intimate contact with each other in bones of

poth the groups. The osteoblasis showed a normal complement_of‘

‘organelles in the controls as well as B-APN treaped chick emb-

ryos (Figs. 3.5.2 and 3.4.5). The cells were cuboidal in shape -

and showed round nucle1 (Figs. 3.5.1 and 3. 5.4). The osteo-
blasts also showed an exten51ve§aatwork of rough endoplasmic
reticulun studded with ribosomes (Figs. 3:5.3, 6). The Golgi
abp&fatus was also quite extensive (Figs. 3.5.3 and 3.5.1).

The cells which were not irmediately next to the surtuace of

osteoid wére elongated and showed very little endoplasmic reti-

‘culum (Figs- 3.5.1,.4). The cells which were close to bone sur-

face showed many mitochondria per cell while cells;gyay from ghe ‘

P & )
forming surface showed only few rmitochondria (Figs. 3.5.1, 6).
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The dark lysosome like bodies were observed 'in the controls as

well as B-ADN treated embryonic bones (Figs. 3.5.3, 5).

-

"The osteoblasts forming the bone membrane weré lying adja-
cent to éach other and showed iree running spaces between thei

surfaces in both the groups (Figs. 3.5.3, 4). These spaces have

been described as "open canals" (Talmage, 1970).
discerniblé differences in width of these open canals between

the controlsr and B-APN treated chick embryo bones (Figs. 3.5.4

6). Frequently, the adjacent cell spacings were interrupted by

small desnos?mes@ing the. cells (Figs. 3.5.8). p

There was always a zone of preosseous tissue between the

bone itself and the cells gt the bone merbrane in the controls -

rme

preosseous tissue consisted of collagen fibrils, which were seen

as well as B-APN treated embryonic bones (Figs. 3.5.1, 4).

in cross a& longitudinal sel ‘thl’lS with ml?rf\characterlstlc

banding pattern in both the grou (Flg 3.5.2, b) “ These fib-

rils were a.rra.nged hapha.zardly enbedded in the %ou/d substance

(Figs. 3.5.3, 4) The mtr—rx vesicles were, also observed in

both the groups (Figs. ‘3.5.3, 6). . N

., -
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Fig. 3.5.1. Bone membrane. An electronmicrograph from a part of the cross
section of the control chick embryonic tibia. Mineralization
front is rmarked (mf) and pre osseous zone is indicated by
asterisk. The plasma membranes of ostcoblasts (OB) are in
apposition with each other (arrow heads). The osteoblasts show
an cxtensive network of rough surtace endoplasmic reticulum and
Golgi apparatus (g). At the left side of the o
electronmicrograph are fibroblasts (Fb) which are devoid.of &
well developed endoplasmic reticulum and Golgi complexes X
10,690. -

. *

E R ' —

d'). -






Fig. 3.5.%.

-

Fig. 3.5.3.
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.

Both electrodmicrographs from the controls.

An area similar to Fig. 3.5.1. The pre osseous zone (asterisk)
shows well defined banding pattern of collagen fibrils and
osteoblasts (0OB) forming an gpatfmical arrangement of the bone
membrane. The plasma membranes of adjacent osteoblasts ard
closely apposed to each other (arrow heads). The osteoblasts
show a normzl componen f intracellular organelles including
mitochondria., w:I/space between the plasma membranes of two
osteoblasts (known as open canals) is indicated by an arrow X
16,100.

-

An-area similar to Fig. 3.9.1. The pre osseous zone (asterisk)
shaws collagen fibril$ cut in longitudinal and cross sections

* and the matrix vesicles (arrow). The osteoblasts forming bone

membranc show rough surface endoplasmic reticulum (er), Golgl
(g) and runy mitochondria. The plasma membranes of osteoblasts
are in close apposit;on to each other (arrow heads) X 16,100.
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Fig. 3.5-4.

Fig. 3.5.5

- 141,

Bone membrune. The osteoblasts (0OB) forming an anatomical
arrangement known as the bone membrane in B-APN treated chick.
embryonic tibia. The cells are lining pre osseous zonpe ¢
(asterisk) and show a full complement of organelles Ancluding
mitochondria (m). The plasma membranes of adjaceént osteoblasts
are in apposition with each other (arrow heads) and the .
corrunication with open canal is indicated by an arrow X
11,400. ’

[ T

An ares similar to Fig. 3.5.4 from B-APN treated embryos. FPre
osseous zone (asterisk) shows collagen fibrils cut in cross and
longitudinal sections. The plasma membranes of the adjacent
osteoblasts (UB) are in apposition with edch other (arrow
heads) X 16, 100.

-
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Fig. 3.5.6.
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?

A higher power edectronmicrograph of an drea sinmilar to Figs.
3.5.4 wpd _3.5.5. re oSseuous.zone (asterisk) are seen
collagen fibrils cut in longitudinal and cross sections and
matrix vesicles (arrow). The osteoblasts (OB) show a norrmal
complement of organelles and the plasma menmbranes. of adjacent
cells are in apposition with each other (arrow heads) X B
27,360. B-APN treated material.
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Both electronmicrographs are from the controls.

Fig. 3.5.7. A high power clectronmicrograph of three adjacent osteoblasts”’
' (UB) forming the bone membrane. The plasma membranes of cells
are lying close to each other (arrow heuds) and the space
hetween them open canals, is indicated by an arrow X 51,300.

Fig. 3.5.8. An eleetronmicrograph of an area similar to Fig. 3.5.7. The
osteoblasts (OB) are lying close to each other (arrow heads)
< ) and at certzin places their plasma membranes are joined by a

. gap junction (big arrows) X 51,300. -
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3.6.2 Control Material

laga. -

-

3.6 EFFECTS OF B-AMINOPROPIONITRILE ON STRUCTURES IN THE ZONE -

OF THE INITIAL MINERALIZATION ’

3.6.1 Zofie of Initfal Mineralization

The\ initial phases of mnmineraliZation h;;ve been studied

extensively in recent years with the help ot TEM and SEM (Gay

and Schraer, 1975; Gay, 19'}7;- Sela et al., 1978, Sela and Bab,
1979). |

The process involves the budding ot matrix vesicles from
osteoblasts or chondrobla.stS; and c-oncentratioh of calcium and
phqsphate in thresérwesicles' and formation of apatite crystais.
The apatite crystals I_grow' and the membYane of vesicles rupture

and the apatite crystals radiate outside and that probably leads

to deposition of more m:i..nerals; (Anderson, 197’?5). These events
take place even in calﬁcificafion of many other tissues under
pa'.thologiéél conditions (Sarkar and ‘Uhtotff, 1978, Sela und Bab,
1979, Freidmaﬁ et al., 1980, Mann et al., 1980).
in our study of initial phases of ‘the bone mineralization
' -

in chick embryo we observed similar structures described by

.

earlier investigators.

The osteoblasts were Iyine: close to the preosseous .zone.
The&;e cells showed all the s_igns.ei" a metabolically active cell

in the controls. The rough surface endoplasmic’ reticulum was
4

‘very extensive and studded with ribosomes. The Golgi complexes

of the cells were indicative of equally intense activity of these

o ecad
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célls (Figs. 3.6.1, 3.6.2, 3.6.3). The mitochondlria could be
seen in the osteoblasts and they were full of mifochondfial
cristae (¥igs. 3.6.1, 3.6.2 and 3.6.3).
In the preocssecus zone, the ratrix: vesicles could be seen
1

in association with the plasma rmembranes of the control muterial

(Figs. 3.6.4 and 3.6.5). The matrix vesicles were bounded b.y a

-

trilaminar rembrane. The matrix veésicles situated closer, in

© association with the osteoblast plasma membranes showed no min-
* a, .

eral deposits in the material . from the controls (Figs. 3.6.5 .,

anéi 3.6.6). However, the matrix vesicles sitaated in the oste-
oid of _bone matrix showed small arounts lof mineral deposits
(Figs. 3.6.6 and 3.6.7). The lrratrix vesicles, closér to cells,
showed the mineral deposits ';Nhich were well contained in' the

enveloping membrane (Figs. 3.6.7, 3.6.8 and 3.6.9).. In the mat-
- £ .

rix v:esicles closer to rmineralization the complete envelope of
‘trilaminar membrane was not visible and th.e‘ apatite crystals
Wert'f seen to radiate outward from the ratrix vesicles (Figs.
3.6.7 und 3.6.10). These structures actually fesembled the bone
nodules described .by Bernurd and Pease, (1lu6Y) and Bonucci,

(1970). B | K

——

The collagen fibrils, in the Preosseous : 2one, were not
arranged in discrete- luyers whose fibrilé would be oriented'i‘n_a

particular direction but were arrunged in an irregular tashion

.

-and thus.-could be seen cut in cross uas well as longitudinal

sections in this mteriu}‘@s\.l 3._6.\1, 3.6.4, 3.6.6 and 3.6.7).
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These fibrils showed their characteristic bandipg pattern (Figs.
3.6.7, 3.6.8, 3.6.9 and 3.6.10). The preéénce of needle like
apatlte. crystals on collagen Ilbl‘lls has been shown by previous

a.uthors. A rela.tlonshlp of apatite crystals and ba.ndmg pattern

of- the collagen fibrils has also been mentioned (i-lttc_;n-Jackson, '

1957, .Glf.meherr and Krane, 1968). In this material we did not
qbserve any apatite crystﬁl deposits on “the collagefri fibrils “in
the osteoid (Figs. 3.6.6 and 3.6.10). The collagen fibrils in

thé' fully mineralized ratrix were covered wit'h mineral deposits
a.\nd this was true éve'n at the junction of osteoid “with the
mineralized matrix. Such deposits in association with collagen
t ibz_‘ilS were always seen Igowa.rds the mineraiized matrix rather
‘than towards the osteoblasts (Figs. 3.6.4 and 3.6.7).

In thé preosseous zone & floccu'l-'ént raterial was -also
observed in this material: (Figs. 3.6.5, 3.6.6 and 3.6.7).
~ However, no-mineral ws.s présent in n'ela-tion'i:o this _flbcéﬁlent
mai:erial (Figs. .3.6.5, 3.6:6 and 3f6.7).‘ ; “ . ¢

3.6.3 Bones From B-APN Treated Embryos .

The ultrastructural evaluation of the B-APN treategi embryo—

‘nlc bones showed structures similar bo the controlb. The Obteo-

blasts were lying clqse to preosseous zone. These cells showed

‘all signs of a_metabolicully active cells in the B-APN treated -

material and there were no -differences discernible as compared

to the- controls. The rough. surtace erdoplasmic reticulum and.

. - . . N ’
Golgi apparatus were comparable to the controls “(Figs. 3.6.11,

P
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3.6.12 and 3.6.15)- The cells contained many mitochondria and

f

these mitochondria were full of crlstae and did ndt show any
\

signs of toxicity ot B-APN (Figs. 3.6.11 and 3.6.12). The only

discernible diffe;%ncé'iﬁ the rorphology of the osteoblast was

that osteoblasts lying close to preosseous zone showed rore..

lysosone like bodies in B-APN treated material (Fig. ) 3.6.11)
» ' v

although thest bodies were present in the osteoblasts of the

controls as well. . - / :

In the preosseous zone, the matrix vesicles coula be seen

in assoc1at10n with the plasma rembranes of the osteoblasts and
were blﬂlldr to the Qtructures observed in the controls.(klgs.
3.6. 13 and 3.6. 14) The matrix ve31c1es were bounded by a tri-
laminar membrane. The matrix vesicles situated closer in asso—
ciation with the osteoblasts membrane showed nérmineral deposits
in B-APN treated material (Figs. 3.6.13 and 3.6.14) and these
were similar to the ones observed in the contféls. However
matrix vesicles situated in the osteoid of the bone matrix Show-

ed small amounts of mineral deposit (Figs. 3.6.13 and 3.6.14).

The matrix vesiclés, closer to cells, showed mineral deposlts

which were weLl contained in the enveloping renbrane (blgs.

3.6.17 -and 3.6.18). In the matrlx ves1cles closer to mlnerall—'

v
zation the complete envelope of trilaminar membrane was not vis-

ible and the apatite crystals were seen to radiate outward from
the matrix vesicles (FigsJ 3.6.17 and 3.6.19). Thege structures

r

were similar to the bone nodules observed in the controls.
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The collagen fibrils, in the preosseous zohe were seen cut
in cross as well as longitudinal sections (Figs. 3.6.17, 3.6.18

and '3.6.19). Their arrangement and appearance were similar to

the ones observed in the controls. The banding pattern was also

comparable to the controls (Figs. 3.6.13, 3.6.17 and 3.6.20).'
As seen in the controls no relationship was found between the
collagen f’ibrils and apatite crystal;s in the B-APN \treated
material either (Figs. 3.6.13, 3.6.17, d.6.18, 3.6.19 and

3.6.20). Whenever the rineral deposits were present on the

'_‘colla.gen tibrils, it wa;" only in the region of fully mineralized

bone matrix or at the junction.of the osteoid and the mineraliz-
ing front (Figs. 3.6.17 and 3.6.19).

In the preosseous zone a I'-locculent material, ési-m,ilar to’

the controls, was uiso cohserved \(Figs. 3.6.17,' 3.6.18 .a.n.d

6.19). liowever, as described in the controls, no relationship

- between Jthe mineral deposits and flocculent material was evident

either. S
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Fig. 3.6.1.
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A section through an area of the initial mineralization from
control chick embryonic tibia. In pre osscous zone (asterisk),

" seen are the collagen fibrils cut in cross and’longitudinal

sections with their characteristic bunding pattern and ratrix
vesicles (small triangles). The osteoblasts (OB) show
extensive network of, rough endoplasmic reticulum (er), Golgi
complexes {(arrow heads) and mitochondria (m). The Spaces
between adjacent osteoblasts (open canal) is indicated by an
arrow X 16, 100. ’
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Fig. 3.6.2.
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A section similar to Fig. 3.6.1. Pre osseous zone is showing
signs of mineralization. Mineralization tront-(mf) is moving
towards osteoblasts which show normal complement of organelles,
rough surface endoplasmic reticulun (er), Golgi (&) and
mitochondria (m). X 16,100. Control material.
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Fig. 3.6.3.
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An area similar to Fig..3.6.2. In prc OSseous zore the mineral
deposits are scen. Some mineral has been lost during
processing tor ultra microtery. Collagen fibrils are seen in
cross as well as longitudinal sections. Also seen in the pre

osseons zonhe arc the matrix vesicles (arrow heads) X 16,100.
Control material. : -
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Fig. 3.6.4. A section through an area of the initial mineralization.
Osteoblasts (OB) are seen to line the pre osseous zone (Pre
Us.). Mineralizing trgnt (mf) 1s sSeen to move towards cells.
In pre osscous zone the¢ collagen fibrils (cf) are seen in cross
as well as longitudinal sections and their banding pattern is
quite ecvident. From the surtfyge of osteoblasts, the matrix
vesicles are secen to fﬁkﬁ‘cffé?n and matrix vesicles are also
seen in pre osseous zone (arrow heads) X 16,100. Control
material. ~

-






Fig. 3.6.5.
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Is froum an area close to osteoblasts (UB) seen in Fig. 3.6.4.
sMatrix vesicles are scen budding from the osteoblast plasma
membranes as well as in pre osseous zone (arrow heads). Note
thdt matrix vesicles don't have any mineral deposits as yet.
Collagen tfibrils (Cf) are also seen in the pre osseous zone.
Also scen ih the pre osseous zonc is a flocullent material
(arrows) X 51,300. Control material.

"
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Fig. 3.6.6.

¥ -

o,

An area of the initial mineralization. Section is ‘through the
pre osseous zone scen in Fig. 3.6.4. Matrix vesicles (arrow
heads) are seen in this zone. Note that matrix vesicles show
accumulation of mineral deposits. Close to mineralization

* front the matrix vesicles have lost their trilaminar membrane |
and apatite crystals are radiating in the extracellular rztrix.

These structures are termed Bone Nodules (BN). Collagen --
fibrils are seen in cross as well as longitudinal secticns. A
flocullent material (arrows) is also seen in the pre osseous
zone X 51,300. Control material. ~
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Fig. 3.6.7.

.‘ *~
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An area closer to the mineralization front (mf) and seen in
Fig. 3.6.4. Matrix vesicles (big arrow heads) are seen with
mineral deposits. Bone Nodules (BN) show apatite crystals
radiating in the extracellular ratrix. Collagen fibrils (Ct)
are seen im cross and longitudinal sections. Note that in pre
osseous zone no mineral deposits arc seen on collagen fibrils
but in more heavily mineralized areas, collagen tfibrils are
embedded in mineral deposits (small arrow heads). Flocullent
material (arrows) is also seen X 51,300. Control material.
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Fig. 3.6.8.
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(%

An eclectronricrograph Of -pre OSSeocus zone. Note the needle
like crystdls in PAtrix’ vesicles (arrows). Also note’ that the
collagen fibrils, seen in Cross sections are free from any
apatile crystal deposits X 51,300. Control raterial.
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Fig. 3.6.9.
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| \

A Section similar to Fig. 3.6.8. Part of an osteoflast (OB) 1s
seen. Matrix vesicles (pointed arrows} and collagen fibrils
cut 1p cross and longitudinal sections are also seen. Note the
necdle like apatite crystals in ratrix vesicles and absence of
these crystals from the collagen fibrils. The crystals
deposits in big bundles (big arrows) even scem to be away trom
collagen fibrils-X 51,300. Control material.
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Fig. 3.6.10. A section similar to Figs. 3.6.8 and 3.6.9. Matrix vesicles
(arrows) show mineral deposits as apatite crystal while
collagen fibrils (arrow heads) cut in cross and longitudinal
sections are free from any crystal deposits X 51,300. Control
rmaterial. . ‘
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Fig. 3.6.11.
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.

A section through pre osseous zone (usterisk) and osteoblasts
lying adjacent 1o zone of initial mineralization, from the

B APN treated chick embryonic tibia. Ostecblasts seem to be
very active in matrix sythesis and show extensive endoplasmic
reticulum (er) and mitochondria (m) which are tull of cristae-
Dark lysosone like bodics (arrows) are also seen. In pre
osseous zone (asterisk) collagen fibrils with their
characteristic banding pattern” are seen cut in longitudinal as
well as cross sections X 16, 100.

o b AN vt 4 2 N

#
1
"



o,




Fig. 3.6.12.
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A high power electronmicrograph sirmilar to Fig. 3.6.11. Part
o{ an osteoblasts is seen lying adjacent 1o pre OSSCOUS Zone.
Osteoblasts show well developed rough surface endoplasmic
reticulum (er), mitochondria tull of cristae (mit.) and a well
developed Golgi apparatus (golgl)- In pre osSeous zone
collagen fibrils are seen cut in longitudinal as well as cross
sections. *Matrix vesicles (arrow heads) with apatite crystals
in side arc also seen. Structures called bone nodules are
indicated by BN and arrow X 51,300. B-APN treated material.
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3.6.13. A sectlon similar to figure 3.6.12. Osteoblasts (OB) are lying
adjacent to pre osscous zone. Pre osseous zone shows collagen
fibrils (Cf) cut in mostly longitudinal sections. Matrix
vesicles (arrow heads) with apatite crystals are seen in pre
osseous zone. Note the absence of "‘any apatite crystals on
collagen fibrils. A flocullent rmterial is also seen in the
extracellular matrix X 51,300. B-APN treated material.
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Fig. 3.6.14. A se

ction showing part of two osteoblasts and the pre osSsSeous
zone. Note the budding ot matrix vesicles from the plasma
membrane of osteoblasts (arrow heads) and also in extracellular
matrix (arrow heads)- Collagen fibrils (Cf) are seen cut 'in
cross as well as longitudinal sections. Note the absence ot

apatite crystals on the surtace ot collagen fibrils X 51,300.
B-APN treated ruterial.
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Fig. 3.6.15. A section through the zone of initial mineralization and
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osteoblasts lying udjacent to pre osscous zone from B-APN
treated chick cmbryonic tibia. Osteoblasts (OB) at the lower
right corner of electronmicrograph is being surrounded by
mineralizing matrix where ultimately it will become an

: . . N X . o
osteocyte. Mineralizing front (Mf) is progressing towards the-

next layer of cells. Osteoblasts are tull with rough
endoplasmic reticulunm, normal rmitochondria and very extensive
Golgi complex (arrow heads). In pre osseous zone the mutrix

vesicles (big arrows) and collagen tibrils (smull arrows) are
seen X 16,100. .
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Fig. 3.6.16. A high power electronmicrograph of the area marked on Fig.

- 13.6.15. In the zone of initial mineralization ratrix vesicles
(arrows) can be seen budding from osteoblast (OB) at the lower
nalf of picture and also in the pre oSsSeous zone. Some of the
matrix vesicles have already lost their enveloping membrane and
become bone nodules (arrow heads). Collagen fibrils are also
seen (Ctf). Note the absence of apatite crys

tals in relati to
collagen tibrils X 51,300.
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Fig. 3.6.17. A high power electronmicrograph of a section through

rmineralizing front (Mf), pre osseous zone and the osteoblasts
(OB) from a B-APN treated chick embrycnic tibia. Matrix
vesicles (arrow heads) are seen in assoclation with plasma
membranes of ostecobluasts. Matrix vesicles (seen at the upper
left side of picture) do not show any minerazl deposits. At the
middle of the picturc a protrudation of ostecblasts is scen
which will probably pinch off and become a matrix vesicle X

. 51,300.
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Fig. 3.6.18. A section through pre osseous zone (asterisk) and an .
' osteoblast lying adjacent to it. A lysosome like bodyj
containing grannular material is seen (arrow) in osteoblast..
Pre osseous zone shows matrix vesicles (arrow heads) and
collagen fibrils. Matrix vesicles which are closer to cell’
surtace show very little mineral deposits X 51,300. B-APN
treated ruterial. :
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FIE- 3.6. 19 An electrommicrograph of a section through rmineralization front

. . (Mt), pre ossecous zone and part of an osteoblast (OB) lying
adjacent to pre osseous zone irom B-APN treated muterial.

Matrix Ve81clcs (arrow heads) and collagen fibrils are seen in

pre osseous zone. Matrix vesicles show mineral deposits.

Collagen fibrils only close to mineralization front are covered
by needle like apatite c;ystals X 51,300.
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Fig. 3.6.20. A section passing through the prc osseous zone of B-APN treated

C - chick embryonic tibia. Part of. the osteoblasts (UB) ure seen | _

adjacent to osteoid. In pre 0sSseous zZone &rc seen collagen .- -

- tfibrils (Cf) and the matrix vesicles (arrow heads).

. .Mineralization front (Mf) shows ‘some loss of mineral due to

’ preparation procedure. Note that mineral deposits are not
present in association with collagen fibrils X 82,080.
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4.1 Pl:’.RIOIIﬂNTAL LIGAMENT (PDL) AND B—APN

4.1.1 Light/ Microscopy ’

-
“

Ip theselétudies the most striking changes cbsafved with
light mlcroséopy, in periodontal ligament with BE-APN treatment,
were a palisade arrangement of cells and the hyalinization of
_the extrgcellular matrix. Similan changes had been described by
eurlier investigators (Sciaky and Ungar, 1961; Krikos et al.,
1965; Barrington and Meyer, lu66; Shoshan et 'al., 1969; and
Yoshikawa,, 1971) although extent of these alterations 1in '
differcnt regions of the periodontal ligament had not ‘been
méntioned. In this investigation a special effort was made to
see the.effects of B-APN treatment on various regions of the
periodontal ligament. Although the fibres in difterent regions
of ‘the pericdontal® ligament péfform specific functions 1n
relatibn to the tooth novemeﬁt the horizontal and oblique seés
of fibres have been mentioned as the main bearers of the
masticatory stress (Provenzi, 192?). OQur investigations have
shown that it was the region of horizontal and oblique fibres
where the severest changes were observed.-- These findings’
correlate with the earlier findings of Krikos et al., {1965)
thét removal of an antagonist of a tooth w}ll &liminate these
altcrétions and the periédontal ligament will be normal again.

- T The msertlon ot collagen fibre bundles into the alveolar
. bone and dentin or cementum is also a major Idctor for optimal

functional ability of the periodontal ligament (Glickman, 1972).
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The present investigation showed an irregular arrangement of -the -

fibre _insertion into alveolar bone in B-APN treated rats as com-
pared to the controls. ‘The disruption or improperl insertior_l of
these I‘ibres could cause an impaix"ed functional capabifity of
the periodontal 1if:itment (Glickman, 1972). Pt.lrtherr;ore, the
present iﬁ\}estiga‘tion showed that the eftects of B-APN on the
alveolar crest fibres and tﬁe apical tibres are not as severe as.
on the horizontal and obhlique fibres. This points toward a dif—.
tferential effect of B-APN on different regions of periodoﬁtal
ligament according to -their tfunction.

4.1.2 Electronmicroscopy

* - - . . . .
The ultrastructural study again showed aggregution of cells

into groups. However,_ the most expli'c;it chanées were those scen
in the mitochondria of _the fibroblas;ts of the per:iodontal ligu-
ment. Similar changes in mitochondria of the -periodontal lipga-—
ment fibroblasts have been produced by increa;sinp: the stress
with orthodontic tréz;_x:r.:iént in rats (Rygh, 1972). _OUther physio-
logical studies have‘..shown an i.mpaiment of oxidative metubolism.
of cells by B=APN treatment (Juva et al., 1959,.Clermons, 1966,
Flders et al., 1u73). The alteration of morphology oi’ the chon-
drocyte mitochondria, in fetal_ rib cartilage, has been a.t}:ribut;
ed to the direct toxic effects of - B=APN (Wiley aphd Joneja,
. . N
& 1978).

in thc present invcsr:igation' the osteoblasts?t the, surtace
of ‘___alveolur bone., in periodontal 1ligament, are f‘ree from these
effects on mitochondria. Sacondly, the cells in different

&y

AN



171.

regions show a différential extent of_ these changes in mitochon-
drial mrpholog'y and these changes of course are not artefacts,
as the muscle tlssue kept with the perlodontal hgan-.nr: is free °
from these alterations. The most severe z_ilteratn.ons are seen
only in the region of maximum rasticatory torces, the, region of
horizontal and obiique fibres. The optimul functions of
conncctlve tlsbue mqu:.re:-_, high tensile strength developed in
" collagen fibrils (Tanzer, 1973). Tt is known that the collagen
produced under the cffcct o B-APN 1s det1c1ent in tensile
strength.  On the basis of thc, above dleUSSJ.OI’l, it appears that
the tbkic cffects of B-APN on oxldatlve metabolism  become
-a.cc:ntua.ted due to the masticatory forces whi‘ch have become
trauatic due to the loss of tensile strength. - .
- .

Unaltered morphology of endoplasnic reticulum.and Golgl
appuratus of the fibroblasts in la.tilrytic periodontal ligament
-corrclatcs with the findings of preyif:us workers (Golub et al.,
196%; Alco ¢t ai., 1974) that the B-APN does not causc uny
quantltdtwe changes in the synthesis of collagen. This study
also did not bhOW dny quantitative e¢tlfects of B=APN on the
various components of the extracellular matrix in pericdontal
llga.nent. =

Our statistical evaluation of the Litectb of b—AP\ on th;z
-diameter of collagen fibres, showed that the higher percentige

of collagen fibrils have a sif pniticantly smuller diameter as

compared to the controls.
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] TheSe data are similar to earjlier obscrvation. of Matukas ct
al., (1967) and Wiley and Joneja, ('15)78), although their gstudies
were on collagen fibrils of the cartilage, that these fibrils
formed under the ef t'ec"cvof B-APN are of a smaller aiwneter. The
\Qa— T .increas;: in the diameter of collagen fibrils ta.keé\place by
addition of tropocollagen polecules from lcz:ro‘und substance ot the
‘extracellular matrix (Olson and Low, 1970). Inter and intra
molecular cross linkages, inhibited by B-APN, play & role in the
extracellular ruturation of the collagen fibrils (Piez, 1968).
The smaller diameter of collagen fibrils of the pericdontal
ligament, demonstra:ted in the present investigatior;, thus
c:o‘(frelatcs '\?’rith the fact that B-APN inhibits thesc molecular
Cross 1ihké;ge5'0f collagen. . —_

4.1.3 Microradiography

The microradiographs, prepared from whol®s one side of the
"rat mandible and the from tt'le longitudinal sections ol rat
mand_ible showéd, after 1'our'- weeks of B-APN treatment, that the
radiodensity of the alveolar bone wua'; lower as compared to the

-

controls.“ Ifterdental and intcr‘—radilcula.r scptae  were less
radio-opaque in the B-APN treated rut r.'\a'ndibles us compured to
T th¢ controls.  The medullary spaces of alveolar bonc have
increased 1in 1:;ize and seem to corrunicate with. the periodontul
ligament space. Un the whole a reduced gnount of bone tissue

" ‘was present in the mandibles of rats treated with B-APN as

compared to the controls.
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The glveolar bone is least stable of the pcriddontal.tissues
and its structure is in a constant state of flux (Manéon, 1964).
° The pﬁysiolégical status of alveclar bone is maintained by a
sensitive balance between ‘the bone formation and resorption
(Carranza and Cabirini, 1967). The reduced amount of bone
tissue thus results from an ﬂnbal&nce between the bone formution
and resorption. This imbalunce can be the result of any of the
following three possibilities.
(1) Increuased resorption in the presence of normal or increased
fﬁrmation. The lafter being still less than the increase.in

resorption.

(11) Decreasced formation in the presence of normal resorption.

- L]

(1ii) Increased resorption combined with decreascd furmufiop.
Our studies, both morphometric and radioisotopic (Sandhu
and‘Jande, 1982 b), to be discussed later, on the etfects éf
B-APN on the tibi#l bone formuti?n bave shown that B;APN does
not affect the amount of bone rutrix formed (Sandhu and Jande,
1982 a1). Earlier investigators have also shown, in an in vitro
study, that B-APN does hot affecy the amount of bone matrix
tormed (Golub ot al., 1968). In view of this carlier inforru—
tion and our own experiments in rats it seems rvuascnable to conl
cludé that the lower amount of bone tissue present in rat mandi-
bles, after B-APN treatment, is most probably due to the increa-

sed resorption of alveolar bone. N



%

. . 174.

4.1.4 Histochemistry

In this investigation the hYstochemical evaluation of ef-
fects of the B-APN on alveolar bone and periodontal ligament
Sﬁowed that tize acié phosphatase _a.ctivi’;y was higher 1in
osteoclasts, osteoblasté, osteoc'ytes and fibroblasts .‘of the ‘ra.ts
treated with B-APN as compared to the controls.

The enzyme acid phosphatase 1is 4 hydrolyvtic enzyme and 1is
;)resent in & vari'ety of cells including asteoclasts, osteoblasts
and fibroblasts. In Hiétochemj.c&l studies it is used as a carke
er for other hyd'rolyti_c cnzymes (‘Dea.ms et al., 1972). The pfes—
ence of acid phosphuta::,*e and other hydrolytic enzymes in the
cr;lls at the surfaces where resorption‘ takes place, the 'abundant
presence of these enzymes in the bone resorpr;j,ve cells and the
rise in the activity of acid phosphatase in response to cm;tain
hormonal factors which are known to increuse resorption, has
prompted rany investigators té ascribe it a role rainly in the
bone resorption (_Vaes, 1965, 1966, 1u68, Loty ct al., lueB).

It is zenerally agreed that the osteoclasts, which have a
large number of lysosomes, are very rich 1in hydroly'r;ic enzynes
as compa.r‘ed to other. cells 1like ostcoblasts and .osteocytesr
(kioltrop, 1977). The presence of osteoclasts at the resorptive
surfuces or the bone, in Howship's lacunae, is tantamount to
bone resorptiorn. |

In the nor‘rﬁul periodontiufn the physiological rmasticatory

forces are a stimulant for bone formation and resorption (Glick-
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man et al.. 1970). However, if the occlusél forcéé‘exqeed the
adapgive capacity 6f the periodontium especially compounded.with
decréased tensile strength 'of éoll%gen tibrils, tissue injury
results (Adrien, 1933, Balfe et al., 1938, Coolidege, 1938,
Gli;:lmm and Weiss, 1955). Thus the increased resorption could
be due to such trauTa. It has also.been shown thét physical
pressure increases the resorption EManson. 1964Y. |

S~
In the present investigations, the nicroradicgraphic as

well as the histochemical findings peint towards reduced amount

"of bone tissue in the B-APN treated rat mandibles due to

increased bone resorption. It is known that B-APN reduces . the
tensile strength of collagen (Plez, 1968). ‘It appears that
tensile strength deficient collagen _fibres cannot reintain the
functional infegrity'of the periodontium and normal masticatory
forces become traumatic.  The derangement of certain fibrils of
the PDL. in the B-APN fed rats, supports this assumption.

The prescnce of dctivity of acid pho:‘zphatase and othei' hyd-

rolytic enzymes, in osteoblasts, has been linked to the sythesis

"ot various components of the bone mairix ( bDe Duve, 1u63; Garant

and Prockop, 1972; dJunde and Grosso, 1975). As it has been
shown that with B—APNltreatment there is no change in synthesis
of the bone .l:rntrix (Golub et ul., 1968; Sandhu and J;mcig, 1982)
the activity of acid ;.Jhosphatase, which appeared to have increa-
sea with B-APN treatment, in osteoblasts can only be due to tox-

ic etffects of B-APN. It is known that in response to certain
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drugs or in certain pathological siéu&tiohs the.uctivity of acid
phosphatase becomes high (Susi et al., 1966).

Also in the present study, the fibroblast;.of the periodon-
tal ligament, those thaﬁ are arranged in groupk, show a greater
acid phosphatus¢ reaction as compared to the controls.l In the
periodontal ligament the presence ot acid phosphatase has been
shown in fibroblasts and it has been linked to "fibroclasis"
(Gérant, 1975). Here again these effectg were maximum 1in the
region of maximum rasticatory forces. The incredsed activity of
.acid phosphut#sc and possibly other hydrolytic enzymes in fibro-
bluéts of the region of maximum nustic&tory forces, with B-APN
rreatment, 1s either due to increased turnover of collagen and
thus increascd requirement of acid phosphatase and other
hydrolvtlc enayneb for fibrocluasis or is duc to the direct toxic
effects of B-APN as mentioned tor the Obteoblabtb-

Periodontosis is defineq as a periodontal disease caused by

. b 3
systemic factors in the presenée or 4bsence ot local intection.
The radiographic signs of this disease include loss of alveolar
hone by resorption, increase in sizce of medullary spaces and
wivy or potghed appearance of inter r&dlCUIdP septun (Gllckman
1u72). The disruption of collagen fibrils in pericdontul liga-
ment is' another factor involvéﬁ .in' periodontosis  (Glickman,
1972). Collawen diseases thO‘dlbO been implicated in promotlng

the periodontal disease (Kerr, 1962}. The role of dlLtetlb

tuctors has been. ignored so tur in promoting this periodontal
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disease. With the B-APN treatment the rats showed, in their
periédontiwn, similar changes as described above. OUn the basis
of these observations we suggest that dietetic factors be™ ™
considered a strong possibllity in producing the conditions,
which if unchecked, can'leaqﬁio periodontal disease especially

in under privileged populations or in situations of fumine when

sweet peas might become a major ingredient of the diet.
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4.2 EFFECTS OF B-APN ON'DYNAMICS OF _ Sh-Proline and
3H_Tetracycline AND VALIDITY OF THE INCORPORATION OF THESE
ISUTOPES AS MEASURES OF BONE MATRIX FORMATION AND ITS
MINERALIZATION -

-

4.2.1 Validity of 3H-Proline Incorporation as a Measure of

Bone Matrix Formation

.

ltl is a quantitative method that evaluates the formation of
bone matrix by assaying labelled hydroxy-p;'oline in bone after
administration of its precursor, the labelled proline, as used
by Flanagan and Nicholas (1962). This method is based on the
fact that hydroxyproline is tormed by. hydroxsrla'£ion of peptide
bound proline residues in —chains of collagen molecule and
hydroxyproline is exclusively tound 1in the, collagen ot unimal -
tissue (Undenfrieﬁd, 1966) . Thus SH-proline injected to
‘animals can later be recovered, 1n very high percentage, f{rom
collagen (Marks, 1968, Sodek et d.rl, 1977). Numerons a.uthbrs,
using dutoradiography and by measuring 3H—proline mdioactiv—
ity by liquid scintillation, at certain-pefiods after injection,
have shown that 3H-proiine incorporates itself into bone and
can be considered an indicator ofi the bone matrix tormation
(Leblond, 1965; Walker, 1966; Frank and Frank, 1969; Jowsey,
12')71:4'1\.1rner et al., .1977).,-‘; In an exclusive experiment it has
been unequivocaly shown that. the incorporation of 3H-proline
into bone is u true indicator of the bone matrix formution

(Marks, 1969).
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4.2.2 3H-Proline Dynamics

The present study shows that, after injection of
3li—proline in rats, the counts in the .bone are initially very
high; The CPM continue to increase up to 12 hours ;;.fter
a&mnistration but then start decreaéing abruptly and stabilize
at about 36 hours and do not change appreciably thereafter.

In '_or‘d‘ér to get a clear picture of incor_poratior{ of
3fi-proline into bone, the sacrifice time of animuls, after
injections, 1is very critical. The time that will give a true
" indication of the amount of SH-proline incorporated will be
when all the SH-proline which could incorporate has been
incorporated into newly formed bone matrix but resorption of
the bone in those rareas has not started.

There have been numerous studies on bone matrix collagen
formation using labelled proline -amd glycine (Larneiro and
Lebiund, 1959, Young and Greulick, 1963; Ross and B‘e.e'nditt, ll963;
Leblond, 1963). In a review article E-‘irschein, (1969) suggested -
thaf labelled proline incorporﬁtion is a mre specific indicator
of collagen formation in bone than lubelled glycine.  Leblond
and Weinstock, (1Y74) have studied “H-proline radicactivity in
blood and its incorporation, after injection, into bones with
autoradiopgraphy. They found that initially, the mdioactivii:y
wus higher in blood and the boné 3ji-Proline lubel \a;as in n;ste'—‘
oblasts. They rurther showed that as the time lapsed the radio-

activity: in blood decreased and along with 1t the 3ii-1label
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could be seen in newly forming osteoid of the bone matrix. On
the basis of this autoradiographic study they concluded ‘that
3H—proline, after administrétion to animals, becomes a part of
newly formed bone matrix in about 24-36 hours.

Firschein, (1967 a, b, 1989) studied the incorporation of
3H-proline into various bones of the ratsnand found that the
radioactivity becomes st‘able at about 1-2 days a.nd does not
change appreciabley thereatter unless left over a period of
weeks. He further obse;ved that once incorporated into bone

— . .
matrix, 3H-proline radiocactivity decreases only because of
resorption. ’

Our studies clearly showed a stabilizing of the label by 36
hours aftér dosihg and as discussed above this seems to be due
to the tact that the labels by that time had become a part of
the bone métrix. As the newly formed bone is on the surfuces of
new trabeculae there does not appear to be any complication
because of the resorption as the time interval is too ‘short tor
resorption and also the resorption generally occuré on  the

surfaces of older trabeculae.
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4.2.3 Wlidity of SW?etrmyclinéL‘TAn\haicatof of Initial

" Mineralization

k

bone dyhamics by labelling it with the antibiotic tetracycline.
Th'ey .have suggested that the tetracycline incorporates into
newly forming bone at the time of mineralization (Milch et al.,
1958; Ha.rris et a.l‘.,_1962; Berquiét, 1962; Bémuist and Hulth,
1963). This incorporaticsn of tetracycline is belie\ied to be due
to its chelating properties. It ;orms complexes with Ca at 1‘:he
surface of newly formed apati;.e c;rystals (Urist_ and lbsen, 1963,
Steeﬁdizk, ‘1964; Ibsen and Urist, 1964). Thé-: tetracycline has
much higher aI‘finity to bind with Ca on, the surface of newly

formed crystals as conpa.red to the old crystals..

Further it has been found that tetracycline does not -

incorporate into organic bone ratrix to any appreciable amount
and\'..on-treatmer'lt with EDTA, which removes only the mineral part,
fluorescence of tetracycline from the mineralized bone is also
lost (Urist and Ibsen, 1963; Steendizk, 1964). Many authors
have comb'i.ned 45 Ca autoradiography with the cold tetracy-
cline labelling and have found that the site of incorporation' o;f
both labels is the newly formed bone undergoing mineralization
(Rowland et’al., 1962, Uristddid Ibsen, 1964). 2

Klein and his collaborators (Klein_ ‘and Jackman, 1972, 1976)
have used SH—Tetra.cycline in their study on bone _I resorpti_oﬁ.

-

- Their results show that tetracycline incorporates in bone mineral

In the -last 20 years numerous investigators ha.\}e studied ...

T
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- el . . ‘
and forms very strong complexes and it is not removed until re-

sorption takes place. Similar findings-have beeﬁ reported on the

Basis of cold ;etracycl}ne incorporation (Frost, 1963). Lacroix,
= e

B (1971) has suggested that fluorescent markers of bone, like tetl-
, N
(1970, 1972), elaborating further, have suggested that the tetra-

cycline incorporates into bone only with initial mineralization.

Trecharne and Brighton, (1979), on the basis of previous
data and also taking into consideration their own experimpents,
¥

/~—Tave concluded that the tetracycline incorporatfon into bone is a

true indication of mineralization of newly tormed bone matrix.
It is very important to point out that the use of Jli-tetracy-
cline has an advantage over that of 45Ca as. a marker of the

mineralization. The former does not diffuse into and deposit on

crystal surfaces of previous mineralizaticon but it gets absorbed

on surfuces of the newly forming crystals. 45Ca on the other

hand exchanges with the caleium of bone at sites other than the

new mineralization (Klein and Jackman, 1972).

.It thus seems reasonable to conclude that tpe tetracycline
incorporates into newly formirig bone and its incorporation can be
taken as an indication of thé mineralization of newly formed bone

v

matrix.

4.2.4  SH-Tetracycline Dynamics

The present study. on SH-Tetracycline dynamics showed that,

‘after injection of labelled tetracycline to rats, the _mEiio—
P 4

ra.éycline, are rarkers of sudden calcification. Baylink et al., )
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activity in bone soon after dosin_g was gquite high. The CPM/100
mg wet tibial weight continued to increase up to 12 hours after
administration but then started to c;ecre&se and stabilize at
about 36 hours-and did not change apprec_;abli' thereafter.

The author is not aware of any other study using SH-tet-

. _
racycline in investigation of mineral dsfrt'&rqics of bone except

that on bone resorption done by Klein and his associates (Klein

. and Jackman, 1972; 1976), although there have been riany reports

on nmnineral deposition 1n bones using 45_’0;1,'. 47ca  and
85gr (Uitto and Laitinen, 1966;. Firs'cifein, 1969;  Lacroix,
1971). All these studies '(show that the radicactivity 1in the
bone due to these isotoges. was high initially but decreased with
t,ime-. Most of ’these studies have been donc over a.\very short-
period of time (1-6 hours). In the shorter time spun it appears
that the initial’ high radioaétivity_is due to presence of the
isotopes in blood and interstitial fluids of the bone and is
still in a labile \t'om. Our results are consistent with the
views of  carlier authors (Uitto and laitinen, 196&; lacroix,

1971), that the radicactivity in hones is higher initially but

L

decreases with time.
g

~

Farlier workers although using different labels such as

45Cy (Firschein, 1969) have sShown that radioactivity becomes
L

stuble at about 1-2 days and does not change unless the resorp-

tion takes place.. In experiments of longer duration the resorp—

tion  of labelled bone or even unlabelled bone matrix will

4

-~
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undouptedly complicate the experimental design. Thus the
present study is consistant with the results ot earlier
investigators gﬁd it appearétthat'at 36 hours, the sacrifice
.thwe of animals in later exberiments,_the 3H—Tetracycline had
become a part of newly mineralized rutrix and also was not in

*a labile form.

. ]
4.9.5 Etffects of B-APN on  3ii-Proline and  3H-Tetracycline

-

Dynamics ‘ >

The presént study on 3H—pr01ine and 3H-tetracycline
dynamics in rats, atter B-APN ;re;tment fop 3 weeks, showed that

- :
the puttern of radioactivity of both the Lsotopesl in bone, does
not change. (Figs. 3.2.1, 2, 3, 4). .

In oui knowledge these parameters h;ve not heen previously
compared ufter B-APN treatment. Our findings that both the
isotopes, 3H—proline and 3ll-tctracycline, become a part of
newly tormed rineralizing osteold ;n about similar -periods in
the normal and B-APN treuted rats show thag\the B-APN treatment
does not inhibit or expedite, in any way, the excretion or
retention of these isotopes. This tinding further eliminates
the possibility that B-APN might have influenced the stabiliza—
‘tion of these isotopes, in bone, and tﬁus had etfected the

results of our experiments.

1ot
-
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4.3 LEFFECTS OF B-APN ONlBONE MATRIX FORMATION AND ITS

.
LS

MINERALIZATION IN RATS

4.3.1 Effects on General Body Growth and The Growth of Bone at

Organ level
In this study, it is qQuite apparent from the comparison of
total bod &g;éhts and tibial lgpgths at b, 16 and 20 déys after
B=-APN tréfuatment that this drué, at the doses used in the present
investigation, does not effect the general body growth of the
rats including that of the bones at orgun level. Hosenuuist et
alz, (1977) have reported similar findings although a higher

dose of‘B-APN wus used in the present investigations.

-

4.3.2 Effects on Linear Bone Apposition

The findings of cold tetracycline fluorescent labelling
measurements of the amount of .bone ;ﬁtrix tormed, as shown by
the Qmount of bone bet@een the two conééﬁutive 1ubel$; showed
that the linear bone gpposition at the periosteal surface of ra;
tibia was comparable in both the groups at all intervﬁis during
-the pfesent experiments. The cold tetracycline h;s been used to
meusure various parameters related to ﬁoﬁe tormation by ‘numerocus
adthq?s (Milch et al., 1958; Frost and Villaneuva, IUﬁU; Ber—
quist'and Hulth, 1963;Baylin; et al., 1970). The bands of tet~
-ruc&cline provide a mapping of events tuking place in a specifie
period of time. Hosenquist et al., (1977) used the cold tetra-
cycline to evalﬁatc the effects of B-APN on th¢ .bone'.matrix

\

formation and its mineralization and tound that the rate of
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ifﬁtial rineralization was inhibited while a.ll' other purameters
were normal.

The fiﬁdings of thf_presgnt study are conéistent with those
ot Rosenquist et al., (1977) ‘that the amount- of bone ratrix
formed is not affected by_B—APN, however, Rosenguist et al.,
(1977) did not publish the photomicrographs of sections from
"which they ymde their ;bservations.

The fluorescent study further showed, in the‘controls as
well ﬁs in B-APN treated rats, that bonc-nﬂtfix synthesis, as
shown by the width of bon; present between two labels, vﬁries
with the uge of the animal. ‘These findings‘are‘similar W u
previously detailed study done on rates of bone mutrix synthesié
in different species by Sirmons (1476).

4.3.3 Effects on  SH-Proline Incorporztion

/
An analysis of 3ll-proline incorporation, in thg/#d;esent
investigation a£ diff§ke%t intervals, into tibia$ of the

. - .
controls and B-APN treated rats showed that bones qf both groups
incorporated similar amounts of this- isotope. As Sli-proline
incorporation 1is a true meaéure of bone matrix tormation
{discussed carlie;) the results of this investigation show that,
B-APN ut the. doscs used, did pot inhibitgfhe synthesis of bone
matrix. The fluorescent microscopic results .(as » discussed
above) -also support these duta. It has also been shown earlier,

~ .

in an in vitro study (Go;ub et al., 1968) that B-APN does not

effect the bone matrix synthesis. Hosgnquist et al., (l977)



provided a. similar conclusidn bagsed upon the mrpflological_
measurements of tetracycline labell'iné. However, in thé present
investigation, a higher-do;:;c of B-APN was‘used as compared to
the one used by Hosenquist et al., (1977). Furthermore the
technique used 1in the present investigation is of higher
sensitiyir:y and accuracy and the findings ofl this highly

'
-
#fative technique correlate with those of mrpho}.oe;ical,

measurements of cold tetracycline labelling. Thus on the basils
of previous findings ot other investigators and on our own
results it is quite well documented that B-APN, at the doses

used, does not aftfect the quantity of the bone ratrix tormed.

-
~

A

4.3.4 Effects on 3ii-Tetracycline Incorporation

I‘ho present studi.r showed, ‘on analysis of ‘gl-i%-’l‘etracycline
incorpomition into the bones of the controls and B-APN treafed
rut;s at different intervals, that the incprporation of this
isotope is significantly lower in bones of the rats treated wj:th
B-APN as compared to the controls at all intervals. It has
already been estublished that the 1&£hyrogen B-APN does not
:cxffect the dynamics of the tetrac;rcline which could in turn
atfect its incorporation into bones. As discussed 1in an earlier
section it is quite well established that the incorporation "uf

. /-':)3H—tetracycline is a sensitive.and accurate measure of the
ipitial mineralization. The lower ihcorporation of SH-tetra-

.

cycline into bones of rats treated with B-APN can thus be
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attributed either to a smaller area of the matrix undergoing

-

"mineralization or to a lower amount of mineral per unit area of

matrix synphesized. The amount of bone matrix, as indicated by

. . . . -
3H-proline incorporation and measurements of cold tetracycline .

labelling, is almost similar in the controls and B-APN treated -

rat bones. The lower incorporation of 3H—tetracycline thus
LR N i .
seems only to be due to a lower degrec of mineralization per

unit area.

4.3.5 Variation in Synthesis of Bone Matrix With Ape

In the present study, the results of scintillation counting
experiment demonstrate in the controls as well as in B-APN trea-
ted rats, that the rates of “bone matrix synthesis differs with

the age of animals. These findings are similar to our findings

of fluorescent study as mentioned above. In this study a larger

incorporation of 3H-Proline at day 20 of the experiment us con-
pared to day 10 was observed in the controls as well as in B-APN
treated rats. It is known that at about seven weeks the rats

show a pubértal growth spurt and there is an elevation of plasma

androgens levels (Kinson and Chung-Ching, 1971). The anubolic

cftects of the androgens are well known. These hormones lpcr-
casce the general rate of protein synthesis. 5o 1in view of this

information it does not seem unreasonable to see a lirger incor-

poration of Sli-proline at day 20 as comparcd to duay 10.

N

~
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 4.3.6 Comparison of Bone Matrix Synthesis and Its

Mineralization

A comparison of boneirﬂtrix synthesis s shown_ by SH-pro-
line incorporation and discussed earlier, and mineralizapion,
indicated by 3l-tetracycline incofporation in controls (i.e.
ratio of 3H:proiine incorporated/3H—tétracycline incorpora-
tion - 2.02'/1.193)' and B-APN treated rats (1.2/1.09) at day 5

clearly suggest an inhibition of about 35% in the mineralization

(controls 1; B-APN 0.65). This inhibition was 31% at day 10 and

decreased further to 9% by day 20. These data again suggest a

lower extent of minepaiization of the bone mutrix formed undér
tpe etffect of B-APN. -

In summary thg B-APN treatment, ﬁt the doses used, does not
have any effect on synthesis of bone matrix but it does inhibit

the initial bone mincralization. We have established a sensi-

tive system, ditferent from morphological techniques, by which

-

theﬂﬁaribus parameters of the bone metabolism cun be investigat-
ed with greafer precision and accuracy. Also 1t can be shown by
a very gccuraté and quantitative technique tﬂ#t B-APN inhibits
the initial phases of mineralization and does ﬁot have uny ef-

fect on the quantity of bone mutrix formed and these findings

correlate with morphological measurements.

1
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4.4 EFFECTS OF B-APN ON CHICK BONE' MATRIX FORMATION AND ITS

MINERALIZATION

4.4.1 Rationale Behind® the Study-on Chicks

A quantitative system to evaluate the effects of B-APN on
various paraneters of the bone metabolism having.been establish-
ed (Sandhu and -Jande, 1982 a) as described in an carlicer sec-
tion, it was considered important.to study the etfect of B-APN
on so;e other animals as well because species difference of sen-
sitivity to B-APN had been suggested by Barrow et al., (1974).
Also growth Qf the diaphyseal bone in chicks presents a simpler
system than that ‘of the tats becauée the‘ bone growth mainly.
takes place on the perlostoul surface énd resorption is generilly

4
restricted to the endosteal surtace (Jande, 1971). As the (bone

growth takes place only on the perjosteal surtace it was’ found

———

eusieé to follow the tetracycl;ne fluorescentugpnds. Also the
innermost band, which represented the tetracycline dose at O
day, if not resorbed until the end of experiment, can give
information on the bone resorption due to B-APN ireaiment.

-~

4.4.2 Difference in Senstitivity to B-APN

| The present experiments on chicks show that there is a dif-
ference of sensitivity to B-APN based upon éﬁe and species. Thq
four week old rats could tolerate a dose of 0.25% in their diet
without any ecfdects on the peneral body growth while in two
week  old chicks the dose had to be reduced to 1/5th of the dosé
given to rats. Thesc findings are in agreement with those. of

-
]
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Barrow et al;, (1974).

4.4.3 General Body Growth and the Growth of Bone at Organ Level

In the present study a-comparison of total bedy weights and

- the tib&gl lengths at 7, 14 and 21 days after B—A?N treatment

showed that this drug, at the doses used 1n this experiment; does
not affect the general body growth of the chicks and even that of

the bones at the organ level.

4.4.4 Effects on Bone Ash Contents

The present study on ash contents of the chick bones showed
that, after B-APN treatment, the bone ash content was lower ut
all intervals during the experiment as compared to the controls.
These findings are'in agreement with thosé of Hoschquist et od.,

(1977) and our own stﬁdy on rats (Sandhu and Jande, 1982 u).

4.4.5 Effects on Bone Resorption

The microradiographic examination of tibial diaphysis cross
sections, in the. present study did not show any ditferences 1in

the rudiodensity of these sections. In this technique the

~ thickness of sections, which determines the radio;ppacity ot the

* preparations, is quite impossible to control. The section varies
in thickness (100 *10mm) as well as there is a possibility ot
regional thickness variation within the sume scction. So 1t is
reasonable noﬁ té appreciate any differences in yadio—opacity of
sections between the two groups.

The finding that the cross sectional rarrow area is similar

in both the groups at all intervalé shows that, it the doses used
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in this experimeént, B-APN does not have any effect on resorption
at the endosteal surface. This further el;minates the possibil-
ity of influence by resorption on our later experiments. The
measurements of the cross‘§ectionAl cortical areé show that equ-
al amount of bone is formed in the B-APN treated chick and in
the controls. These findings ﬁre consistent“with £ﬁoge of earl-

ier authors (Hoéenquist_et al., 1977, Sandhu and Jande, 1982a).

‘4.4.6{ Eftfects on Linear Bone Apposition

The findings ot the cold racycline fluorescent labelling
measuranents of amount of bone matrix formed, as shown by the
width between the two consecutive l;bgls, showed that the linear
bone appositieon at the periosteal'serace of the chick tibia was
comparable in both the groups at all intervals during thé pres—
ent experfment:‘ oo,

The. cold tetracycline tluorescent laﬁellin% has been used
in earlier stﬁdies to evaluate the eftect of B-APN on bone
(Berquist, 1960;'Bérquist and Hulth, 1963). These studies did
not clearly indicate any effect of B-APN on bone. Rosenquist et
al.,.(1977) investipgated the bone matrixdlabelling and found no
eftect of the B-APN on bone mutrix formation. The results of
the prescent investigation that B-APN does not atfect the amount
of bone ratrix formed, are similar to that of Rosenquist et al.,

(1977) and that of Sandhu and Jande, (1982 a).

4.4.7 Effectis on 3-proline Incorporation

An analysis of 3H—proline incorporation, in the present
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investigation at different intervals, .,i‘nto tibias of the
controls and B-APN treated chiéks showed that .the bones from
both groups incorporated similar amounts of this isotope.  a-
Jiscussed earlier that the 3H-proline incorporation is a true
measure of bone mtr’ix formation, the results of this investigua-
tion suggest tlut B-APN, at the doses used, did not inhibit the
synthesis of the bone mtrix_. These findir{gs are also supported
by our finding in this study (as discussed above) that the lin-
car bone apposition and cross sectional cortical area is not
] different in chicks treated with B-APN and the con?:rol':‘-:‘.. These
findings ure also consistent with our earlier irwe-stigutio_n- on
ruts (Sandhu and Jande, 1982 a).

-

4.4.8 | Effects on 31&—Tetrucyc1inc Inuérporz;ttion‘

The ;;rese.nt. study showe(i; on analysis of Si-tetracycline
incorporation into the bones of the controls and B—APthreuted'.
chicks at different intervals, that the incorporation of this
isotope is significantly lower in bones of the thicks treated
with B=-APN as compared to the controls. ‘

It has already been estublished .that the lathyrogen B/—AP'\
does not affect the dynamics of tetracycline which could in turn
affect irts incorporation into bones.

The  Tower incquora.tion of 3H-tutrucycline, whicﬁu nos

\bmrl‘ cstablished as a measure of mineralization, shows u lower,
deposition of minerals in bones and the duta ‘on ane ash cont-

ents support these conclusions.
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The lower amount of mineral deposition in the lathyritic
bones can thus be attrlbuted to a snaller area of matrix under-
goxng mineralization or to a 1ower amount of mineral per unit
area of the matrix synthesized. The amount of bone matrix form-
ed, as indicated by fluorescent microscopic observations, cross
sectional cortical ared neauréments and 3H—proline incagpora-
tion estimation, is almost similar in the controls and B-APN
treated chick bones. ‘fhe lower incorporation of 3H—tefra¢y-
c%ine thus seems due to a lower degree 6f mineralization in the

newly formed bone mutrix.

4.4.9 Comparison of Bone Matrix Synthesis and Its Mineralization

‘A éomparison of the bone matrix synthesis a§ shown éy 3H-
pr?line incorporation as discussed earlier, and mineralization,
indicated by 3li-tetracycline incorporation in cont;ols (i.e.
ratio of 4.0767/1.2452) and’B-APN treated chicks (3.433/1.281) at
7 days- clearly suggest an inhibition of about 19% in mineraliza-
tion. This inhibition was about 11% at day 14 and ificreased @

28% at day 21.

-

4.4.10 Effects on Serum Calcium Level

The comparable serum calcium level in-the controls and B-APN

fed chicks, dﬁring the éresent investigation, indicate that the
loWer mineralization & bones with B-APN treatment is not due to
lower availability of calcium; as in case'of rickets, but miy be :.
due ‘to some other factors involved in the bone mineralization

“t

. process and which may have been adversly affected by B-APN.

g .
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4.5 AN OVERVIEW OF INVESTIGATIONS SO FAR AND R)SSIBLE"MEG-lAlem

OF B-APN ACTION ON BONE

- .
. Our study on rats 'a.n_d chicks has established (as discussed

ea.rli.er) that B-APN at the respective doses used: l

i. does not affect the guantity of bone matrix formed at the
respective doses in rats and chicks;

2. inhibits the initial mineralization of bone matrix in rats as
wc_-:-ll as in chicks; .

3. does not influence the bone resorption in ch'}cks and

4. does not affect the serum caleium.

Mumerous investigators have studied the eftect of lathyro-
gens on bone (as mentioned in introduction, page 9° ) and rost
of the osteopathologiés produced rby B-APN treatmént havel been
attributed to its inhibition of inter--a-nd intramolecular cross
Iinkages of collagen (Bai-row et al., 1974). The collagen cross
linkages have also been czansidered to be a ‘prerequisite tor
the colla,é.;éﬁ fibrils to become mineralized (Mills- and Ba.vetté.,
. 1968). Further it has been known since 1977 (Rosenéquist et al.,
" 1977) that this lathyrogen atfects the bone mineralization.

Thus beca.us;_- of this correlation of effect'_on bone mineraliza-
tion and-inhibition of cross linkages, the mechanism of ac'tion

of B-APN on bone came to be assumed due to effects of B=-APN ¢n

- =

collagen cross linkages. However, there is still no direct

evidence for such an assumption.

b

e ey

-
i
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Rosenqu_ist_ et al., (1977) undertook a detailed morphometric
study and found that it was the initial rate of mineralization

which was inhibited by B-APN. All other parameters of the bone

matrix formation were comparable to the controls. The rationale

-

behind their experiment was that if the collagen cross -linka.ges,
which are inhibited by B-APN, are prereqniisites for collagen
tibrils to become mineralized then there should be an irhibition
of mineralization by B-APN. They did find such an inhibition

and suggested that reasons for this inhibition of bone m.'fnerali—

zation was due to fibre defecb produced by B-APN. However, ti'le

cross linkapges have been also demonstrated to. be i_nhibited in-

Vit. D deficiency (Mechanic ‘-\_et a_.q;-; 1972) .but here the initial
rate of mineralization was nof"/z;ft‘e;:t-:ed' (Baylink et al., 1970).
Thus Rosenquist et al., (1977) furtngf_i;‘;speculated that perhaps
certain other factoré involved in the m;ﬁeralization process ray
be behind the B-APN effect on bone. )

‘A conclusive proof of naechaﬁisn of action of any agent can
only be cobtained either by direct e.vidence or by evaluating all
the parameters involved in that part-icular etfect after treat-
ment with the agent. The investigation of the organ or tissue
specificity, of the said éfi‘ect, is also of a critical value.

Recently the role of matrix vésicles in the initial bone

minerali'zation has become of major importance, largely due to

extensive research by groups lead by Ur. Anderson in U.S.A. and

Dr. Ali in United Kingdom. The matrix vesicles are considered

——

“
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to be the site of initial minexralizatj..on (as discussed in

Chapter I, page 1% ). . | .. .

— However, some other -investigators support. the view that the

non-collagenous glycosaminoglycans of the bone matrix are

respdnsible for initial mineralization (Puglliarello et al.,

N 1970; Baylink et al., 1972; Shuttleworth and Veis, | 1972;
*-‘ Weingtock et al., 1972; Vittur et al., 1972).

In view of the above discussion and without any substantial
broof *in 'fz;.vour of collagen fibrils as the nidation sites tor
Tin:'ufial mineral deposits, the B-A.PN induced inhi-bition of
collagen cr.oss linkages being the sole cause of the inhibition
of bone mnerglizati;n by B=-APN becomes questionable.

| The other purameters whiéh_could be atfected and cause an
inhibition of mineralization are the ion transport enzymes such
as. Ca*tt, MgTt-ATPase, and alkaline phosphatase related
to é,alcium transport into or away trom the bone and those assoc—
iated with chcentration of calcium and phosphates into the
matri':g vesicles.

- -

\



. 15

198.

4.6 ENZYVMES RELATED TO THE PROCESS OF MINERALIZATION

4.6.1 Alkaline Phosphatase

Therc is a never ending controversy going on about thq role
of ihe enzyme alkaline phosphatase in the bone metubolism. In
1923 Robinson proposed that alkaline phosphatuse helps to
hydrolyse inorganic p;:,frophoSphutes (PPi)‘and thus by raising the
local concentration of phosphate promotes the process of the

mineralization.  This was even called u calcifying factor. The

proponents of this theory draw support from the following for &

=~ -
role of alkaline phosphatase in rineralization.

(i) A correlation of alkaline phosphatase with calcium trunsport

It is known that alkuline phosphatusc is present at various
siﬁes in the body and there is an active transport of calcium
going on at those sites. The presence of alkaline phosphutase
in brush border of intestine and proximal convoluted tubules of
kidney (Sheila and Lawson, 1978) prompted runy investigutors to
propose 4 similar role for alkaline phosphatasc in bone

2

(Kowarski and Schachter, 1973).

(ii) Alkaline Phosphutuse as pyfbphosphutase

Fleisch and Bisaz, (1962) and Fleisch et al., (1966) pro—
posed that PPi is an inhibitor of the mineralization and ulka-
line phosphutase brings about the hydrolysis of PPi and thus
acting as pyrophosphatase proootes m1nerallzdtlon. On thL other

hand Anderson and ﬁeynold (1973) propoaed that sozll quantltles

of PPi rather promote mineralization. They hypqtheblAcd thut by

Y

’

e ey
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the action of alkaline phesphatase, PPi is hydrolysed, and the
* peleased Pi reacts with locally increascd concentration of
calcium thus leading to un increase in initial mineralization.

(iii) Hydrolysis of phosphate esters by alkaline phosphatase

Anderson, (1976) has proposed anothér rcile for alkualinc
phosphu.tase.‘ According to him it hydrolyzes the ester
phosphutes, thus raising the concenl:rv.tion of Ca X P product and
hringing about the formation of apatite crystals. 2-

Not withstanding the above, nany investigu:tors believe that
alkaline phosphatuse is in fuct more closely related to the for-
mation of certain organic components of the bone matrix (Sif-
fert, 1050; Strates et ul., 1971; Firschein and Urist, 1971;
hixit, 1972, Franci:s et ul., 1973). In recent "yeart.;, 1‘1oweyer,

the discovery of matrix vesicles as the site of initiul minerai-

ization (Anderson, 1967;_Bonucci', 1967) and the presence of alk-

aline phosphatuase on vesicle membranes (Matsuzawa land Anderson,
1971_ R Berna'rd‘, 1978) have changed the balance in fuvour of the
Lypothesis that alkaline phogphutase is involved in the process
of wmineralization. Further Thomas ana Rump, (1979) have shown
by inhibiting alkuline phosphatuse, with levamisol, that this
inhibition resuited in reduced rate.of the mineruliz.é.tion- Thus
although a precise.role for alkaline phosphai.:use in the mineral-
jzition is still not agreed upon there is no doubt that this

enzyme is involved in the process of mineralization.

.~
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4.6.2 Catt ot -ATPase

Since the discovery ot matrix vesicles in cartilage
(Anderson, 1967, Bonucei, 1967), und bone (Bernard und Pease,
1963), many researchers have been trying to put,for@ard a rodel
which can explain  the role of matrix vesicles in the initial
-phases of the minéralization. The evidence that an ATPuse,
which 1is dependent onl divalent cations (Ca*™, 2etty, is
presént on pembranes of the natrm vesicles (Anderson, 1970,
L Matsuzawa and” Anderson SJTK rude run:y investigators ook for )
role of this enzyme in the process of mnerallz.auon.‘ Ali and
Evuns, (1“73) propObed that Lere is un energy dependent caleium
transport trom the bone rutrix 1nto the rutrix vesicles and it
is  rmediated by the dlvulent cation  (Ca*™, et
dependent ATRuse. They ascribed a role to this enzye, similar
to Nat, KVY-ATPase in Nat, K -pump. Certain  doubts,
\howcver, Were expreséed a;oout the overlapping- substrate
: specitficities  of z«]ka]jne' phosphatase — and Catt, gtT-
dependent ATPasc \(Felix and Fleisch, 1976) and it was bugge:.ted
that these are not iwo different enzymes (Felix and Fleisch,
1974, 1976). Other investigutors have recently shown thut these
are tw? different enzynes thoggh they might have cupabilities of
acting on the bulﬂ(. substrutes (Sela et ul., 1678, Guo arig

stsers, 1078; Skillen and Rehbani-Nobar, 1980).
.. p : “~
‘ (. hessers et al., (1975) aund Granstron et al., (1977) have

proposed”  that catt, MgtT- dependent ATPase brings ubout
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the hydrolysis of ATP which has been considered an inhibitor of
minerulization or 1t mggt act as a’;yrophosphat.lse. Although
1t&. prec,lbe role is yet to be eluc1duted like alkaline phospm— '

tase, most of the investigators agree that it is involved in

concentrating the calcium into matrix vesicles.
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4.7 CHICK EMBRYONIC BONES AS A MODEL FOR BIOCHEMICAL. STUDIES OF

i

B-APN EFFECTS

The biochemical studies on the bone tissue are hindered by

the fact that it is quite difficult to prepare and ' isolatc .

different fructions for various anulysé's. The umbryonié bones
provide an ideal model to isclate and prepare various fractions
for the above mentioned studies. )

'f'he preservation of enzyme activity for histochemical stﬁd-
ies of hone is a criticzil factor. The decalcification with che-
luting agents, such as EDTA, over u long period of time results
in loss of most _o_f the engynatic activities. ' The ambryonic
bones provide an advantuge over adult bone that decuicification
cun b accomplished quickly and thus a r".ujor part of the activ—

ity can be visualized by histochemical reactions.

Furthermore it is quite easy to fix small pieces of thesc

bones as condensation of the mutrix and  full minceralization bis

yet not taken pluce. Similarly the penctration of the resins
M ' '}

used tor wabedding in embryonic bones is better as compared to

the adult bone tissue. The ultraricrotony of bone is another

probldn which hinders the workers who want to wevaluate with

transmission  electronmicroscopy certain  parameters ol  bone

metubolism. The cmbryonic bones, becuausce of limited presence of

mincrals in them, are very easy to cut and thus cnables the
L, :

investigators to sce the minceral matrix relationship.

The various stuges in the development of chicks, especiully
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those of bone, are very well documented (Fell, 1925). It is
k;wwn that the mineralization of tibia and femur in chick a'lbr_\,o
start at duy 7 of incubation. The events taking plﬁcc‘: in_the
development of bhone can be c.;aught at any specific stage and
effects ol any exper'imentul factor on those events ‘can be

. _
evaluated. Taking into consideration the above mentioned

A s

factors a comprehensive study in chick embryos, evaluating the

effect of B-APN on all the parumeters of the bone, which has

N

already beer investigated in rats and chicks, was undertaken so

that L-hu dieta ot the effects of B-APN on the activities of the
enzymes could be correlated with the effects on the initial

-

mineralization.
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4.8 .EFFECTS OF B-APN ON CHICK EMBRYONIC BONE MATRIX FORMATION

AND ITS MINERALIZATION AND POSSIBLE MECHANISM QF ACTION

4.8.1 Body Weight and Tibial Length

The present investigation on chick embryos showed that, aT:
the doses used in these experiments, B-APN did not produce any
mortality-- The body weight of the embryos was also not affect-
ed. The length of tibias were comparable in the controls and
R—-APN treated embryos althéugh hundred percent of the tibias
were deformed.

It is clear from the abdve tindings that R—APN, at'the dos—
es used, does not atfect the general body growth and that of the
.Jbones ut. the organ. level. ’I‘hése findings are- simi]sir to earlier
investigators. (Rosenquist et al., 1977) and our own findings in
.rats and adult ciicks (Sandhu and Jande, 19@"55 .

Although the doscs used were not toxic ‘enough to produce
-50% mortality rate (Lbgg) the deformities prusanf in all
the tibias indicated that. the B-APN hus pI‘Od-Liced .sor.x: effeqt‘ ot
the bones. These deformitie¥ of bones.may be related to niner-
alization defoect (Dusler and Mosby, 1954, Sandhu and Junde, 1981
a, b) or .duo tt:‘dui’icit!ncy in collagen tensi.ie strength (Piez,&_,&
1968). ’ . >

*

4.8.2 Etfects on  Sli-Proline Incorporation

The analysis of 3H-proline rincotporation, ws 4 Meusure of
the bone matrix formation, showed that a coupurable .amount ot
3H-prolin@* incorporated in the bones of the controls as well

as B-APN treated chick embryos.

m..lmd.wmumi.ﬁw.mu



It has been shown that B-APN does not éjhibit the matrix
synthesis (Golub et &l., 1968, Rosenquist et al., 1977). ‘The
findings of the present study are in agreement with those of
ahove authors and our own tindings in rats and chicks (Sandhwu
and .Jande_, 1982 a, b). |

. ;
4.8.3 Effects on  SH-Tetracycline Incorporation

In the present study an analy§is of SH-tetracycline

T
incorporation showed that with B-APN treatment there is &
significant inhibition of Sh-tetracycline incorporationwn

embryvonic bones.

The incorporation of 3H-tetracycline has already been

established to be a measure of initial mineralizuation (Sandhu

0

and Jande, 1982 a, b). The lawer incorporation of the 3-tet-
racycline into the bones ob embryos treated with B-4PN could be
attributed either to a lower umount of matrix formed or to u
lower amount ot rmineral present per unit wrea of the organic
matrix formed. ‘The amount of matrix formed, us shown by JH-
proline incorporation, .is compurablc in the controls and * B=APN
treated embryonic bones. The lower incorporation of Si-tetra-
cycline thus. can be only due to a lover aount of rmineral
present per unit area. These findings are similar to those of

Rosenquist et al., (1977) and Sundhu and Jande, (1982 a, b).

4.8.4 Effects-wn Bone Ash Contents

LN

The pi'ese_nﬂt' investigation showed, on analysis of bone ash

contents, that the bones of embryos treated with B=-APN hud au

e LR e

.
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significaﬁtly lower bone ash - conﬁent as compared to the
controls.’  '

These findings again point towards a lower amount of
min-'aral present in the B-APN frea.ted embryonic bones as compared
to the controls and support the 3H-tetra‘cycline incorpora;:ion
datal (us discussed above). Farlier investigators have also
reported similar findings (Rosenquist et al., 1977, Sa;.ndhu and

,

Jande, 1982 a, b).

. 4.8.5 Effects on Enzymes Reluted to Mineralization -

The analysis of activity of alkaline phosphatuse and
Ca*t, Mg**-ATPuse in the merbrane fractions  obtained
from mineralized portions of embryonic tiblas showed that the

activitiy of these two enzymes was significantly lower (Alkaline

phosphutase P .001; Catt, g™t-ATPuse P .001), in
. .

" bones of B-APN treated embryos’ as cotpared to the controls

(Table 3.43)- As discussed at leﬁgth earlier, although the role
of alkaline phos—;ﬁhatase and Ca*™, Mg™-ATPase in the
process of mineralization is not clear, most of the iﬁve-sti— -
gators agree that thesc CI’]Z}'ITK;S play some role in the above men-—

tioned process. It has been clearly demonstrated that the init-

izl mineralization is inhibited by B-APN (Rosenquist et al.,

'1677, Sandhu and Jundg, 1982 4, b). In view of "this the inhibi-

tion of enzymes alkaline phosphatase and Ca™, LgtT-ATP-
ase, The enzymes involved in the mineralization (s .discussed
curlier), hy B-APN becomes highly significant with regard to its

rechanism of action.  (Sandhu and Ja.?de, 1982 ¢).

-
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4.8.6 Effects~On Other Membrane Bound Enzymes

In order to evaluate the effects .of Blfﬁ@N on other membrane

bound enzymes the activity of Nu*, K*-ATPase was estimated .

’

in the membrane fractions obtained as mentioned above. This
analysis showed that activity of Nau*, K -ATPuse was not
significently different in the controls and B-APN treated
embryonic bones. (Table 3.4.3). ‘

It is known that Nat, K'-ATPase is pr_e‘:sént on the cell
plassd pembrane and is involved in the transport of Na® and

K* to and from the cell (Glynn, 1962). It is clear from

findings of the present investigations thdt B-APN does “not

affect the activity of this eq&_.ymge. Thus it 15 quite evident.

b

that the irihibitioh of wlkaline phosphatase and Ca*t,
M- ATPase,v" by B-APN (us discussed above), 1is not just

purt of 4 generalized inhibition of membrane bound enzymes.

4.8.7 Effects on Acid Phosphafuse o \

In the presept study, the analysis of activity. of acid
phosphatase in bones of the controls and B-APN. treuted. erbryos
showed that the activity of uciﬁ phosphatase is. significantly
elévated in bones of tt;e embryos t:réat,ed with B-APN a.s‘compare;d
to the controls. (Table 3.4.3). .

The enzyme acid phosphatase is a hyd{olytic enzyme and 1s
prgsent in a variety ol cells including osteoclasts, osteoblasts

and osteccytes. ‘The presence of acid phosphatase .und other

-
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hydrolytlc enzymes in the cells at the surfaces where resorptlon
. tukes plice, the abundant presence of these enzymes in the bone
resorptive cells and rise in the activity of acid phosphatase in
respense T c_e ailn homonal factors which ure known to increase
bone m many invesfigators'to ascribe them
a ro\e rainly in the bone resorption (Vaes-, 1965, 1966, 1968;

Doty al., 1968). = It has. been further shown that
, diphosphonates (EDHP and Cly MDPP), which are known to inhibit
the bone resorption, qdepress the activity of the hydrolytic
lysosamal enzymes including the acid phosphatase (Morigan et al.,
1973; fFelix et al., 1976, Fleisch, 1978).

It is generally agreed that the osfeodasts, which have a
large number of lysosomes, urc very rich in hydrolytic enzymes
as compared to other cells like ostecblusts and osteocytes
-(Holtrop, 1977). ﬁxe presence of osteoclasj:s at the reejorp:ciye >

- surfuces of bone, in Howship's lacunue, is tintamount to ‘bone.

resorption.
The presence of acid phosphatase has also been linked with
the synthesis of bone matrix (Porter, 1964; Veinstock and Leb-

Jlond, 1974 Junde and Grosso, 19? It 1:: clear irom our stud-

1

ies on rats and CthkS (Sandhu and J.:mae, 1982 a, b) that bone

matrix synthesis is not affected by B-APN. Thus the increase in

activity of acid phosphatase with B-APM treatment cannot be due -
. . i

to chunc’es in the matrix synthesis. Another cause of increase

. I
" in thc uctlvlty of  acid phospha.tdse cun be the toxic effectb of

~ ; S . 1)
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B-APN as it has been shown that acid phosphatase activity might
increase in response to certain drugs (Susi et al., 1966; hllls
et al., 1973; Plumer et al., 1975). Thus the elevated ax_:-ld/
phOSphat;Se level could either be due to increased resorption or
due to the toxic effect on B-APNA The histochemical studies in
the present investigation showed thé major amount of acid

¢ to be present in osteoclasts. Thus, it appeals that

phosphate

in acid phosphatase activity observed in biochemical

*
rs
is due to increase in bone resorpiion.

4.8.8 Histochemistry - -~

(A) Alkaline Phogphatasec

In the pres'et:At study, the histochemical analysis showed

that, alkaline phosphatase was present in association with the -

plasma rrembranés of osteoblasts and that of the matrix vesicles.

In this respect our results 2 simiélar to curlier investigators
*

(Matsuzawa and Anderson, 1971 rnard, 1978).-

hd

"{B) Acid Phosphatabc ] e -

-

(=
.

The hlstocfemca.l exanmd.tlon for acid phosphata.be showed
that th(? rajor afount * of thlS enzyme was prtx:.ent in o&teoclastb
at the endosteal _sur'flace of chick embryonic tibias and thus re-
lated to resorption. These Trindings are similar- to those
reported earlier by, previous a.uthors (Schajwicez and *Cabrini,
1957 Vaes, 1965,.1966, 1968, Holtrop, 1977).

The ultra:atructural localization” of acid. phObphB.t&be show—_ .

ed that the activity of acid phosphatase was present in relatlon '

.
-

to lysosomes, golgi vacuoles and saccules.

-

L2 .
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T‘hese obsewation§ are similar to the ongs reported by.
earlier im;estigators (Weinstock and_ L.eblonci . 1;)74; Jande‘ and -
‘Grosso, 1975). No appreciable differences in the amount of acid
phosphatase reaction in ostecblasts of -‘the oontrodls and B-APN
‘treated raterials was observed. These findings correla.te~with.
6ur findings that there is no difference in amount of ratrix

formed between the two groups.

4.8.9 Tissue Specificity of B-APN Action on Enzyméé

In the present. investiggtion to - evaluate the .or;gu.n oitx
tissue specificity of B-APN effects on the enzymes mentioned
above, the é.c.:tivities of these enzymes were és:éimated in
embryonic liver tissue 4s well. The present é.;tudy showed thaf
Tactivihtlt.es of GHZYqub: mentioned ubove are comparable in the
controls  (controls: Alk. Pase, 506.00 44.77; Cat*t,
Mgtt-  ATPase - 106.20 ¥7.28;  4cid  Phos.  2060.00
+307.65: B-APN : “566.00 $40.43, | 104.88  *7.13;
2637.00 *114.7.13) and  B-APY  treated  embryonic  liver |
tissue. (Table 3.4.4). ¢ s I

It is quite clear from the above findings that the effects
of B_APN on enzymes mentioned above are boné specific and ure
nc')t purt of a generalfzed inhibition of all the enzymes in the
hody . |

On thg basis c;f _ _t-hese investigatiéns ;n chick embryonic
= bones it i"sf‘sugéésted thut at the~doses used -

— B_APN does not inhibit the bone matrix formation; ..

- it inhibits .the initial bone mineralization,



]
- the mechanism of the J.[lh.l.bltlon of initial bone

f
mineralizAtion  appears to be & bone specific inhibition of
enzymes _a.lI{a.line phosphatase a.nd_ C&*";,a Mg -  dependent
ATPase.

4.8.10 Electronmicroscopy’ .

{i) Bone Membrane

The ultra.structural investigations, in the present study,
showed no disc—ernible differences in the structure and arrange-
nent of the cells forming a membrane over the beriosteal‘surface
of the bones; ~

The armngemenic o-f osteoblasts in an epithelium like

C P fashion,” over the pe:ioSteal surface of bones, i;s very cruclal
for the mix_ltenance of calcium‘gﬂaneostasis (Terepka et ule, 1968;
'Tr_if‘fitf'et al:, 1969; Canas et -;;.1., 1969;"Ne\wnan and Mulryan,
1969).. The prescnt j_ﬁvsstigution showed no morphological effect
on this ‘aspect of culci‘u.m horrueosta;sis mintenange apparatus with _
B-APN treatment. tThus it clmmd.teb the possﬁolllty‘of B-APN
influence on bone membrane as-a possible mechanlsm of its action
on the initial mineralization. -
(11) Osteoblasts and Extracellulur Bone Matrlx

The major aim of this ulgrastructural btudy was %o visual-
A

\S

iz the mdytion sites for initizl mineralization and\d

S0 look
for possibility of any alteration in the start - of mineralizuation

due to B—-AP\

F

, g :
The present inhvestigation showed that B-APN dOC—:-‘:: not have

. -

<
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any effect on various organelles of ‘osteoblasts involved
in the ‘synthesis of bone ma._t_rix. These findings correlate with
our findings, in rats and chicks, that B-APN does not have any
éffect on the quantity of.bone ma.trix production (Sandhu and
Jande, 1982 &, b, c)- |

Flectromaicroscopy of the regions of initial mineralization

»

%wwed &that the matrix vesicles take origiﬁ fron osteoblasts and

4
¥
1

as the mine’x;alization front moves towerd the cells they
accurulate apatite crystals. These findings aregsimilar 1to
those of Anderson, (1969, 197655, Rernard and Pease, (1969),
Bonucci, (1970), Rabinovitch, (1974), Ali, (1976)-

P Ultra:structural study also showed that the initial deposi-

tion of minerals takes place in matrix vesicles and not on col-

lagen fibrils. In this respect our findings are consistent with

the findings of earlier workers (Bernard and Pease, 1969; Ander-

son, 1969, Bowuci, 1971; Ornoy et al., 1980). These findings
N . . :
thus make the fibre, defect hypothesis, as a cause for B-APN,~

induci inhibiton of initial mineralization, questionable.

o differcnces in number of matrix vesicles or the amount
N - ,

of mineral present-in them were detected. '14ese findings wre

not unreasonable since it 1is quite difficult ,to scrve and

\

quantitate the minute f:ha.nges‘in above parameters by electron-
. F
microscopy -
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SUMMARY

* Denotes the original findings of the author.

A.

1.

*4,

PERIODONTAL LIGAMENT.

The molar periodontal ligament and #lveolar bone of the
rats aiter feeding them with. B-APN (0.25%-diet). were exam-
ined by- mlcroradLOgraphy, light nlcroscopy clectron mlcro—
scopy and with hlstochenlstry. . .

The mlcrorudlographlc ¢xXarination showed a generalléed re-
duction in volume of the alveolar bone, lower radiodensity,
widening of medullary spaces, rougheaing of interdental and
interradicular septac and wideﬁing of thc periodontal liga-
ment space in the rats treated with B=APN us corpared to the
cOntrols._ ) _

At the light microscopic levei the cells of the perio&bntal

llgdﬂﬁnt!bhOWed da characteristic arrangement in groups ol

.pallbadlng rows. hyalinazation of extracéllular rutrix, and

4 very irregular arrangement of collagen tibres in the rats

treated w?th B-APN as compured to the controls. These chun-

ges were most pronounced 1n the region ot horizontal and ob-

lfque fibres and also ih the region ot apical fibresl

The ultrastructural analysis oI'.the regions where the above

mentioned ffects were the most severe showed that the cells
, - ,

were arranged in groups. Most pronounced chanéc in the ult-

rastructure of these cells was the vacuolizuation of their

LY

: mitochondrig. Golgi, ap afus and roqgh surface end%?laSmic

reticulum were comparable in the controls and the B-APN ted

rats.

\\-) v ‘.“ . i} 1
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The collagen tibrils, in the areas of

LY

was significantly smaller in lathyritic periodontal ligamen'

as compared to the controls.

214.

hyalinization. were

o

‘arranged in a very haphazard manner and their medn diameter

In histochemical study the -activity ot acid phosphatase up-

peared to have increased at the surtace of the alveolar bone

and in the periodontal ligament of the rats treated with

B-APN as compared to the controls.

B

The changes in periodontal ligament andgfif>9lveolar bone -

appear to be related to the increased rusticatory forces 1in

the wake of reducced tensile strength of the collagen fibrils

under the: effecg of B-APN.

RAT BONE MATRIX FORMATION AND ITS.MINEHALIZATIUN.

The cffects ot B-APN on rat bone mairix tormution and its

mineralization were evaluated by reasuring th

.

Fricorporation

ot 3H—proline. and 3H-tetracyclinc; atter pulse dosing

the rats with.two isotopes, and also by meusuring the linear

bone apposition from topographic deposition of cold tetra-

cycline in the bones.

%

At the doses used (0.25% diet) the B=APR did not have .any

effect on the general body growth as well us the growth of

tibiae at organ level.

The incorporation of JH-pruline into the bones of rats

treated with B-APN was comparable to that of the controlsé

The incorporation o 3H;tctracycline (a measure of initial

bone mineralization) wus lower in the bones of rats treated

kY

-

~
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with B-APN as compared to the controls.

The meusurements of linear bone abposition, tfrom topographic
raps of cold tetrac&Cline administrations. showed a compar- .
able amount of the bone mutrix formed in B—APN.treated»}ats
and the controls. - . ‘ 3
At the doses used in the experiment -the B-APN does not at- [
fect the unt of bone matrix formed but inhibits the init-
ial bone mincralization.

>

CHICK BUNb MAfHIh FUHMATIUN AND ITS MINhRALILAllUR.

Three groups of white leghorn Chlckb were fed the dl;tb con-
taining B-APN (0.05%, 0.10% or U.pr). The chicks on the
two higher doses showed a severe retardatioﬁ in body growth
and the.grousy{“ f their bones. Efi the two higher doses were
discarded and th& further experiments, on chicks, were con-
ducted w1th the flowest dose. .

The &tLLctb ot APN (0.05%) on bone ratrix rormation and

its nlncrallzatlon were evaluiated by meusuring thec 1ncorpor-

ation of 5u—p oline and SH-tetracycline. The bone-ash

contents and serum calcium were also estimated. The linewr
bone apposition wus meastred arter administration of cold ~
tetrucyq}ine. The measurcments of total medullary arca.and
total cortigul'area, in cross sections of tibia, werc rude
f;aw the microradiographs.

The incorpdration of du-prollne total cortical area, to-
tal nedullary ar$g and the linear bonc upposltlonléere CUﬁ—-{

parable in the controls and B-APN treated Chlckb

- : . . A e N -
. - - .': "
4



*17.

x21.

*22.

216.

The incorporation of 3H-tetrac$rcline and the bone ash con-
tents were. however, significantly lower in the bones o_f
B-APN fed chicks as’ compared to the controls. .

The serum calcium level was comérab.le in the controls and
the B—APN Ied clncks.

At the dosc -used in thl:-, experment on chlcks the B-APN
does not affect the bone matrix formution and the reborptlon
at endostéum level. However, the mineralization éx‘ the bone
mutrix is significantly lower in the B-APN treated chicks as
campared w the controls. The lower mineralization does not
:-:i/o be related to a lower availability of calc1un for

-

mineralization. ' :

INVESTIGATION ON CHICK EMBRYONIC BONES.
To elucidate the mechanism ot B-APN action onrinhibition ot
th(,: mineralization of the bone matrix further experiments
were conducted on chick embryos (123 days). y
In the first phase of thiss experiment, the inhibitory et-
fects ot B-APN were” on first established by m(,asur'm,, the
incorporation of ‘SH—t(.tmcyclme and the estimation of the
bone ash conteft The syntheblb ot pone mrBrix wis
measured by the 1ncorpomt10n ot the dH-prollne and was 3
i‘qmd‘ to be comparable in the gontrolb and B—-APN treated.
embryonic -bones. g -
The activities of acid phosphatase, alkaline phosphatasc,
Ca*2, Mg*2-aTPuse and Na¥, K*uATPase were C

measured in embryonic bone and llver tleU.Lb.

‘4 i
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The histochemical and cytochemical localization for alkaline
pliosphatase and acid phosphatase was done on glutara}dehyde
fixed cryostat sections. : "_ ' L™

The activitics of alkaline phoaphataée and Cat2, -

-

Mg*z-ATPase were signltlcantly lower in the nemﬁrane
fractiof obtained from the bones of B-APN treated embryos &s
compared to the controls.

The activity of acid phosphatdse, however, was siéﬁificantly
clevated 1n the sub-cellular particle fraction obtained from
thc B-APN treated enbryonlc bones as compared to the con=
trol S-. ' ’ Nl

Activity of Na®, Ryr-ATPase waSs conparable in the bones of
B-APN treated embryos as well as the bones oI the controls.
The cnzymatic assays on embryonlc liver tissue showed that
the activﬁties of éﬁzymcs rentioned above wcre comparable in
the B—APN trexted and the control embrys.

The histochemical and cytochomical localization of acid
phosphatasc showed 1t tO bb'pfesent in osteoclasts and the
lysosomgs of the osteoblasts.

The ulkaline:phosphatase S present on the pla$m£ membranes
of the osteoblasts and the mutrix vesicles in ﬁhc‘extracegl—
ular L trix. _ ' /

1hL ult btructurui anulyblb of theabone membrane lining the
perLthedl surtace of embryonic. tibia showed hO dlItoanﬁcl-
in the strﬁctural arrangemcnt of the osteoblasts and the

open LhAnnelb potween then.

The ultrastructurul examination of the cells forming the bone

A
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matrix and the zones of the initial nineralization showed no
significant differences, between lathyritic embryonic bones
and the controls, in the cellé and the stfucfures related to
the initial mineralization of bone.

The‘fnhibition of initial mineralization by B-APN seers to
be due to bone specific inhibition of enzymes alkaline

phosphatase and Ca*?, Mg*2-ATPase.

”
}
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& ABSTRACT
Effec':ts of Beta,—a:ginopropr:ionitri_le {B-APN) on Periodontal
Ligament (PLUL) and alveolar bope of rats were evaluated by micr-
"ora.diography, light microscopy, histochemistry and electron

microscopy.

-
5\

Also the cffects of B-APN ?n bone rrlwatrix formation, its
mineralization and to find a possible mechanism of B-APN action
on bone were lnvestigated in rats, young adult chicks and chick

embryos (12} days). The techniques of ricroradiography, fluore-

scent rmicroscopy atfter cold tetralcyc ine labelling, bone ash
content measurement, serun camgtiltion and liquid scint—
illation dfter pulse dosing the experimental animuls with
'3H—proline and 3H—tetracycline, were used. In chick om-
bryos in addition to the a.bove, techniques biochemical assuys
were done to detemine the- activities of alkaline pt;OSphatase,
Ca*t, _ Mg"'*ﬁl‘Pase, acid phosphatase und Na¥,
k¥ATPasc in bone as \.:vell as liver tissues.  Activities of
alkal)ine phosphatase and acid phosphatase were Further Tlocalized
at the light microscopic level (Burstone's method) and at the

ultrastructural level (Gomori method). The bone membrane and

the Zzone of initial mineralization, in chick embryos, were exam—
- Q N .

»

ined at the ultrastrictural level.
The Periodontal Ligament of rats, after 28 duys of B-APN-
tfeeding, showed hyalinization of the extracellular matrix, loss

of 4 regular arrangement of collagen fibrils, and the arrangement
Y - .

. ’



of fibroblasts in palisading groups. At the ultrastructural
level, the cells showed vacuolization of mitochondrial matrix.
The collagen fibrils showed a haphazard arrangement and a signi-
ficantly smaller diameter in B-APN fed rats as compared to the
controls. |

The alveolar bone, in microradiographs showed a lower den-
sity, widening of nutritive and rarrow spaces and a gencral re=
duction in bone volume. The histochemical examination at the
light microscopic 1evle1 showed the presencé‘of increased acid
phosphatase activity in B-APN fed rats as compared to the
controls.

uring three weeks ot B-APN feeding to rats £he general
body growth and the growth of bones at the organ l;:vel were not
atfected. Although the linear bone apposition and the incorpor-
ation of 3H—proline were not signitficantly ditferent between
B-APN fed and the controls yct, the incorporation ot SH-tet-
racycline was significantly lower in B-APN fed rati.

In a similar study on chicks, after three weeks of B-APN
teeding. the general body growth and the growth of bones at the
organ level were unaftected. The incorperation or. Sji-tetru-
cvcline and bone ash contents were significantly lower in B-APN
fed chicks as compared to the controls. However, the lineur
bone apposition, total cross sectionul cortical and medullary
‘areas in tibias, serum calcium level und the incorporation ol

ot 3H-proline were comparable in B-APN fed chicks and controls



-

during all intervals of the experiment.

~After four days of B-APN treatment, the chick embryos,
showed significantly lower incorporation of SH-tetracycline
and z;. lower bone asnﬁ content, however, the body weight, t.ibial
l'ensz:th "and the incorporation of 3H—proline .were compzlrable
in the controls and B-APN treated embryqs.

The biochemical investigation of enzymes showed signifi-

cantly lower activities of alkaline phosphatase and Catt,

Mgtt-ATPase in B-APN treated embryonic bones us compared to

the controls. The acti r ot acid phosphatase wus significant-
ly higher in the bo.nes ot
the controls whiie therc was no effect 6:1 activity of Na*t,
K*-ATPase. The enzymatic assays on embryonic liver tissue
showed that the activities of all above mentioned enzymes'were.-
c‘omparable in the controls and B-APN treated embryos.

The histochemical and cytochemical studies showed alkaline
phospha.ias_e to \be present on osteoblust plasma membrane and on
the rutrix vesicles while the acid phosphatasce was presentl in
osteoclasts and the lysosomes of thie osteoblasté.

The ultrastructural study, of bone membrane on the perios-
teal surface of embryonic ti.bia.s and the zones of initial
minerallization _showed a comparable structural arrangement ot

-

bone membrane and structures involved in mineralizatich in’ the

‘control and B-APN treated tissues. - . .



On the basis ot the sbove mentioned findings it 1S

concluded that,

eY

(11)

the effects on the cells and fibres of periodontal ligament

" are secondary to the reduced tensile strength of collagen

fibrils due to B-APN treatment;
The collagen tibrils are of smaller diameter due to the
inhibition of .inter and intra molecular cross linkages by

B-APN . RS-

(iii) B-APN seems to produce a condition in alveolar bone which

(1v)

(v)

(vi)

abpears similar to systeézc ﬁeriodont&l disease 1.e-.
periodontosis.

at the doses used, in rats, chicks and chick embryos, B=APN
does not affect the amount of bone matrix formed.-

fhe initial mineralization of the bone mutrix formed is °
inhibited by B-APN.

The structure and integrity of the bone membrane and othe§

structures in the pre-osseous Zonc do not appear to be

affected by B-APN.

(vii) The inhibition of mineralization scems to be duc to bone

specific inhibition of the enzymes alkaline phosphatase and
A .

Ca*t, MgTT-ATPase by B-APN.

(viii) The clevated acid phosphatase activity seems to be due to

the toxic effects ot B-APN.





