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6.

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.
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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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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
b
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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

., -

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. -
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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
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-

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.
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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

163.

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
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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.



173.

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
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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

-~



184,
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.

- -

\
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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

-

QPRI
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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 .

s
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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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L

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

-

~
EEREEN
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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
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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.





