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The various processes involved in the endochondral ossification need a great deal
of anabolic activity. The multiplication and growth of cartilage cells ofthe epiphyseal
plate as well as the multiplication of osteogenic cells and their differentiation into large
osteoblasts are essential for bone growth. Further, by the activity of these osteoblasts,
osteoccllagens are synthesized which in turn provide a template for the deposition of
microcrystals of bone (Rolle, 1967).

In rickets, the rate of formaton of osteoblastic matrix is significantiy reduced
(Canas et aI., 1969). Osteoid matun:.tion and mineralization is reduced to about half
of normal while the total osteoclastic bone resorption rate is 80 % more than normal
(Baylink et aI., 1970). There is a generalized hyperaminoaciduria (Grose and Scriver,
1968).

Vitamin-D is essential for the active synthesis of bone collagen which provides a
new m':\trix for the minerals made available by their absorption from gut. (Taylor et
aI., 1968; Canas et aI., 1969).

Methandrostenolone (Dianabol) by its anabolic action has been found to stimulate

collagen synthesis and help in the deposition of calcium in bone (Laitinen, 1967; Kowa-
lewski, 1971). Anabolic steroids anc1.testosterone playa vital role in the maintenance
of ca1cium metabolism of bone (Ogata et aI., 1970).

It thus appears that the effect of anabolic steroids in osteogenesis bears a striking
similarity with that of vitamin- D as both mcthandrostenolone and vitamin-D are deriva-
tives of sterols and closely related to cyclopentanophenanthrene ring system. The
difference between them is the presence of cleavage of carbon bond between Ce and C10
in vitamin-D resulting from ultra-violet irr~.diation of a number of sterols which is
essential for its antirachitic activity.

]n consideration of the above informations, a study on the influence of anabolic

steroid on the process of rickets formation in vitamin-D deficiency as well as its
influence on the healing of rickets with and without vitamin-D therapy was carried
out.
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MATERIALS AND METHODS

EFFECT ANABOLIC STEROID-DEY ET AL

Long Evans strain of female rats of two age groups (Group I and Group II,
6 weeks and 4 weeks), were used in this study. All the animals were given modified
Sherman-Pappenheimer vitamin-D deficient diet. The animal& of beth age groups
(Group-I and Group-II) were divided into five Eub-groups (I, II, ill, IV and V) and
treatment 8.dministered as shown in Table-I.

TABLE-!

Grouping and Treatment of Rats.

Sub-group IV 30 15

Sub-group V 10

Treatment

5

Rachitogl nic diet+vitamin~
D 30 units every third day.

Rachitogenic diet only.

Rachitogenic diet+vitamin~
D 30 units every third day

begining 36th day.

Rachi togenic diet +methan~
drostenolone 5 mg daily.

Rechitogenic diet+methan~
drostenolone 5 mg daily+
vitamin-D 30 units every
third day begining 36th day.

The animals of sub-groups I, II and IV were sacrificed at "eekly intervals upto
36th day and then on every alternate day upto 45th day. Those of sub-groups III
and V were sacrificed in batches on 37th, 39th, 41st, 43rd and 45th days of treatment.

The following parameters were used to study the rate of growth and osteogenesis:

1) Weight of the animal.
2) Ltngth of the animal.
3) Length of the tail of the animal.
4) Weight of right tibia.
5) Thickness of epiphyseal cartilage.
6) Histology of the upper end of tibia. . . -

7) Skiagram of the skeletal system of the aniJDal.

5-

No. of animals

Group I Group II
(6 wees old) (4 weeks old)

Sub-group I 22 22

Sub-group II 40 25

Sub-group III 15 5
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RESULTS

_.' The average changes in body weight, body length, tail length, weight of right tibia
arid thickness of the epiphyseal cartilage are snmmarised in Tables-II and III.

Histological findings

In the control group (sub-group-!), the proximal epiphyseal plate of tibia Wasthin
with cartilage cells arranged in regular columns and showing fairly normal calcification

P~~'centage Changes (Increase) in Body WtJight (gm), Body Length (cm) and Tail
Length (Cm) of Rats After Different Treatment.

Age Sub-group Sub-group Sub-group St;b-group Sub-group
I -II TII IV V

Change in 6 week 43 20 24 4 19

body wt.
4 week 34 44 31 52 39

Change in 6 week 20 12 15 10 15

body length
4 week 18 20 20 19 17

Change in 6 we.ek IS 11 15 10 13

tail length
4 week 18 25 20 20 17

TABLE-III

Percentage Changes in Weight (mg) of Right Tibia and Width (units, 1 unit=25
micron) of ,Epiphyseal Cartilage Aftel Different Tre-atment.

Age --Sub-group Sub-group Sub-group Sub-group Sub-group
grou.p I II III IV V

Chane in 6 week. +17 +4 +10 +2 -5

weight(of 4 week +18 +6 +3 +22 +8
right tibia
Change in

Sl t,. .width of 6 week -50 --44 -1 -44

epiphyseal
cartilage 4 week +2 +342 80 -17 -65

- --,

+ indicate increase
/'
\

indicate, decjease

t-t
r,-
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and profuse vascular invasions. The diaphyseal side of the plate Wasregular. In the
rachitic animals (sub-group-II), the epiphyseal plate was remarkably wider with
irregularly arranged cell column~. The vascular invasion was less and calcification
was scanty and irregular. These changes, first observed from the 14th day were
marked on and after the 35th day. The younger (Group-II, sub-group-II) rats
showed more consistent changes than the older rats (Group-I, sub-group-I!). The
cell columns in places projected into the diaphysis.

In sub-group-III, the healing process was noticed after the 39th day with narrow~
ing of the epiphyseal plate, increased vascular invasion and fairly normal type of calci-
fication.

In sub-group-IV, the epiphyseal plates were wider than normal but narrower than
those of rachitic animals (sub-group-II).

Skiagram

. The control group (sub-group-I) showed narrow epiphyseal lines. In the rachiti~
, J.

animals (sub-group-IT), on the 14th day there was slight increase in the gap between
epiphysis and diaphysis. On the 35th day the metaphyseal end of the diaphysis ~howed
cupping of the long bones of both extremities, increase in the translucenr::yof the gap
with diaphyseal side of the gap ill-dl}fined and irregular. On the 45th day a classical
picture of ricket Was evident. .

In sub-group-III, there Was increased density of the gap though the diaphyseal
margin still remained ill-defined and irregular. In the rachitic animals treated with diano-

bol (sub-group-IV), there Waslittle difference from the rachitic animals on the 14th day
and 35th day, but on the 45th day, the animals showed slight zone of provisional calcifi-
cation, space for epiphyseal cartilage practically disappeared with concavity and
s!ightly increased density of the metaphyseal part of diaphysis.

In the animals of sub-group-V, the healing and remodelling of the bones were
bettef'than sub-group-III and the diaphyseal surface was horizontal..,

gDISaUSSION :",..

The rachitogenic diet induced rickets from the 14th day. The aven'ge width of
epiphyseal cartilage in anabolic hormone treJ.ted vitamin-D deficient animal~ (sub..
group-IV) was more than in control group (sub-group-I). This is attributable to vita-
min-D deficient diet or growth promoting action of anabolic hormone or both. The
width of epiphyseal cartilage waS less but calcification WaRmore than in the rachitic

ranimals. Some methandrostenolone treated ra.chitic rats (Table-I) showed narrow
epiphy~eal cartilage probably due to the hastening 'effect of epiphyseal closure by' the
anabolic hormone (Whitelaw et aI., 1966).
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Combined therapy with vitamin-D and methandrostenolone (sub-group-V)
showed more marked calcification of the osteoid tissue and of the mature cartilage ma-
trix than that in the vitamin-D treated animals (sub-group-III). The epiphyseal carti-

lage plate was slightly wider than that in vitamin-D treated as well as in control
groups. This may be attributed to the growth promoting effect of the anabolic
hormone as reported by Bohr (1968).

Raidographic findings of sub-group-JV on the 45th day of experiment exhibited
greatly increased density in between epiphysis and diaphysis with better healing than
in vitamin-D treated animals. Remodelling Wa~also comparatively b~tter.

The methandrostenolone administered vitamin-D deficient animals had minimal

rachitic changes in bones by stimulating the activity of osteoblasts to synthesize collagen
and deposition of calcium in it. Similar eff~ct has been observed by Kowalewski et al.

(1971) in castrated rats. .

The present study reveals th~.t a combination of vitamin-D and anabolic steroid
provides be;tter healing and remodelling of bones in rickets than vitamin-D alone.

SUMMARY

The influenc~ of anab;:>licsteroid onthe process of production of rickets in vitami n-
D deficient anim3.ls as wall as its influence on healing of rickets with vitamin-D the-
rapy was studied.

Long-Ev.:tn, strain of fem~le rats of two age groups (6 waeks and 4 weeks) were
given rachitogeni.c diet and were divided into five sub-groups-(I) control receiving
vitamin-D from the Ist day, (II) rachitic group, (Ill) rec~iving vitamin-D from 36th day,
(IV) recaiving anabolic hormone from the beginning of the experiment and (V) receiv.

'ing both vitamin-D and anabolic hormone from 36th day of treatment.

It Was obs~rved grossly as well as histologically and radiographically that: (I)
the anabolic steroid minimizes the rachitic changes in the bones of vitamin-D deficient
rats.. (2) in rachitic animals, a combination therapy of anabolic hormone and vitamin-D
results in comparatively greater calcification of osteoid matrix with better 'healing
and re-modelling of bone than with vitamin-D alone.
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