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from the resg of the DNA in sequence-specific DNA-
protein interactions, in addition to the discrimination
resulting  from  selective  jateractions
bases.
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SOME RECENT OBSERVATIONS ON THE SYSTEMIC MODE OF ACTION OF VITAMIN A
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ABSTRACT

Some of the important obsetvations made in recent years regarding the systemic mode of
action of vitamin A are summarised, It is pointed out that regeneration of liver following partial
hepatectomy is markedly less in viramin A dehcient rats. Similarly division ard differentiation
of the primitive epithelial cells of the oviductof oestrogen-treated chichs are significantly arrested
on deprivation of vitamin A. It s discussed that vitamin A is required for conerolled division

and differentiation of cells.

NLIKE many of the water-soluble vitamins, propes
understanding of the mode of action of the fat-
soluble vitamins has been rather challenging, and
vitamin A has not proved 1o be an exception in this
respect. Although it was one of the earliest vitamins
to be discovered, its systemic mode of acrion 15 still
not properly understood, and completely new approach
has bedome necessaly for unravelling the precise
mechanism through which it funcdons, Recently
Ganguly? made such a radically new approach and
pointed out that the classical symptoms of deficienay
of vitamin A described by numerous workers can be
explained on the basis of a general interpretation
that vitamie A is required for division and differen-
tiation of cells of higher animals, While arriving at
such ag interpretation it was assumed that a particular
compound should act at a single fundamental point
rather thaa at several areas of physiology. According
to Ganguly! such an  interpretation would readily

explain the diverse effects of deficiency of vitamin A
described in rhe literature, Since then we have made
several attempts to produce evidence in support of
such a hypothesis by using regenerating rat liver and
cestrogen-ptimed chick oviduct as  typical  model
systems for rapid growth and differentiation of cells
and are summarising here some of our salient obser-
vations in this regard,

Regenerating rat lver :  Regenerating rat liver,
following partial hepatectomy, has been widely recog-
nised as a typical model system for rapid cell divisionZ2.
By using vitamin A-depleted and normal rats Java-
ram £ 413 have shown that regeneration of the liver
in terms of net increase in tissue weight as well as
in terms of DNA, RNA and proteig contents s
markedly lower in the vitamin A.deprived rats which
could be restored to near normal [levels by supple-
mentation of the déprived " raty with retinyl acecate
immediazc}y after partial hepatectony,
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Examination of the /» wive incorporation of radio-
active predursors into the DNA, RNA and proteins
of the regenetrating liver at different time intervals
after padrial hepatectomy revealed that the rates ol
synthesis of these macromolecules were appreciably
slower in the vitamin A-deprived rats. It was also
demonstrated that the activisy of the RNA polymerase,
whi¢h normally shows marked increase in its activity
during the early phases of regeneration, showed signi-
ficantly less increase in its actividy during the same
phase of regeneration of the liver of vitamin A-deprived
rats®,

At the same time histological examination of the
regenerating liver of the vitamin A-deprived and normal
rats revealed that the mitotic index was llower and
the appearance of the endoplasmic reticulum was
finer in the deprived Tats, as compared to the corres-
ponding normal controls4,

Oestpogen-primed chick oviduct: Due to several
reasons the gestrogen-primed chick oviduct has proved
to be an ideal system for the study of the possible
role of vitamin A in division and differentiation of
cells. Firstly, the magnhum portion of the oviduct of
the immature chicks consists of a single layer of
stratiied columnar epithelial cells. Following oestro-
gen  administration these primitve epithehal  cells
undergo rapid division after which they differentiate
into three types of cells namely, tubular gland cells,
goblet cells and ciliated cells®8. Secondly, the newlly
hatched chick contains some amounts of vitamin A in
its liver and yolk sac, and draws upon this supply of
vitamin A for its growth during the initial stages
after the harch?, so that if it is put on a vitamin
A-deficient diet immediately after the hatch it can be
made deficiene of vitamin' A within two to three weeks.

By using chicks made deficient of vitamin A in
this manner Joshi et 4l® showed that, following
administration of oestradiol 17-8 for six consecutive
davs the growth of the magpum portion of the ovie
duct in terms of increase im its length and weight
as also in its total DNA, RNA, protein and phospho-
lipid contents is perceptibly less in such birds. At
the same time it was observed that such effects of the
dcficiency can be reversed by supplementation of the
depleted birds with retinyl acetate, These results thus
showed that the overdl growth of the oviduct during
scimulation by oestrogen  is  dependent upon avail-
ability of adequate amounts of vitamin A,

Incorporation, in vitro, of the radioactive precuviors
into the DNA, RNA and proteins of the oviduct
magnim
DNA and RNA: Whea the oviducg magoum of

the defcient and normal birds rreuted with ocstrogen
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was incubated with [3H]—-thymidine or [BH]}-uridine
in  the incubation medium, incorporationt of these
radioactive precursors into the respective nucleic
acids, when expressed on the basis of #g. DNA, was
markedly less in the depleted tissue, as compared to
the control tissue. It was most significant that addi-
tion of retinol to the incubation mixrures restored the

incorporation of  both precursors to near normal
values in the deficient tissue, with retinol showing no
such effects on the normal tissue?,

Proeins : The bulk of the indrease in the weight
of the oestrogen-primed oviduct is due to rapid
increase in the number of tubular gland cells which
are responsible for the syntheses of several egg-white
proteins  like ovalbumin, conglbumin, ovomucoid,
lysozyme, etc. The goblet cells, on the other haod.
synthesize ovomucin and avidin. Since depletion of
vitamin A exerted marked effects on the synthesis of
DNA and RNA in the oviduct, attempts were made
to study the effedts of vitamin A deficiency on the
incorpotation of 14C~Chlorella—protein~hvdrolysaces
into the different proteins of the oviduat similarly
incubated Hete, the synthesis of ovalbumin, which
represents about 50 to 55¢% of the total cytosol pro-
teins of the oviduct, was markedly lower in the defi-

dietrt ussue, while thatr ot the orther proteins like
conalbumin, ovomucin
unafiected.

ovomucoid and

remained

Glycosylarion of proreins : In recent years there has
been extensive work on the rdle of polyprenols in
sugar-transfer readtions, particularly itn  micro-orga
nisms10, Being a tetraprenol, retinol has been coasi-
deted to take part in similar sugmar-transfer reactions,
especially in glycosylation of proteins in mammalian
systemsill, The oestrogen—primed chick oviducr is an
ideal system for the study of such glycbsylation
reactions of proteins, because chis particulae  tissue
actively  synthesizes sevemnal glycoproteins of the
egg, under the influence of oestrogen. Therefore
the «contents of the free and protein-bound
sumirs  (both " hexose  and  hexosamines)  were
compared in the oviduces of the vitamin A-deficient
and normal chicks., when  the  defidienr tivsue  was
found to contain lower amounts of che protein bound
sugars, with a concomitant increase in the free sugarl
contents.  Bur, following  incubaton of the oviduct
with [MH]-mannose in the medium, while maanosy-
latton of  the total oviduct proteing was not sigoif-
cantly aflected, that of the cytond profeins showed
considerable decrease in the defidienr ovidoat, Like the
incorporation of 1C-aminue wcids, here abo, che effect
of the Jeflcicney was more marhad ia the e of the
major glycoprotein of the oviduce, namely ovalbumiae,
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which obviously indicated that Jower incorporation of
the labelled sugar might be due to reduced synthesis
of the protein componeént, In sharp contrast, mannosy-
lation. of ovomucins was significantly higher in the
deficient tissue. These results thus did not lead to any
definice conclusions regarding any fole of retinol in
the glycosyflation of the oviduct proteins.

Histological studies : Several interesting observations
were made from histological examinations of the mag;
num of the deficient and normal oviducts®., Thus, while
the number of lobules per section of the oviduct re-
mained more or less unchanged in the two types of
tissues, the average number of acini (rubular gland cells)
ver lobule was drastically reduced in the deficient mag-
num, in that, whereas in the normal tissue the average
number of the acini was 88-7-+3+6, the corresponding
anumber in the deficient tissue was only 316 % 4-2,
It was equally significant that the gland cells were
poorly developed and appeared elongated in the defi-
Cientxsamples, while they were wdll formed and round
in the normal tissue, Moreover, disproportionately large
number of goblet cells was visible in the deficient
oviduct, which also showed the presence of large
amounts of alcian blue-positive materials. It should
be obvious that the appearance of increased amounts
of free and bound sugars found in the deficient mag-
num, as described above, should explain the presence
of such large amounts of the alcian blue-positive
matetials in the same samples, and thereby establish
that the histochemical observations and the anajlytical
values are in fairly good agrcement.

Electronmicroscotic stndies:  ‘These  histological
observations were fur:her extended by electronmicro-
sdopic examination, which not only cenfirmed these
findings, but in addition, revealed further striking
differences between the two types of tissues. Thus,
under normal cdrcumstances large number of proto-
differentiated cclils appear at the epithelial region of
the oviduct magnum at the very early stages of oestro-
gen administration, after which they slowly meove
down and fill up the lobules in the form of acinar
gland cells. But, in our experiments, while there were
few protodifferentiated «llls in the magnum of the
normal birds, these cells were present in large num-
bers in the epithelial region of the depleted tissue,
Suwsth a situation clearly suggested that growth and
development of the protodifferentiated cells were
markedly less in the depleted tissues and such an
interpeetation was fully substantiated by the appearance
of strikingly less number of tubular gland cells
per unit area, with sttomal cedema still persisting in
the deficient tissue, while in contrast stromal oedema
was preceptibly less and the gland cells were markedly
higher in the normal tissue.
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Several remarkable differences were noticeable in
the gland cells also. Thus the size of these cells, as
measured from the acinar Jumen to the farthest part
of these cells, was appreciably smaller in the depleted
ussue. The morphology of these cdlls with respect to
the development of the rough endoplasmic reticulum
(RER) and polysomes seemed to be poor, so thkat it
would appear that the machinery for protein synthesis
was not properly formed, both in quality and quaa-
tity. Yet another interesting auspect of the morphology
of these cells was the striking diffeterce in the nature
of the secretory granules Thus, while both conden-
sing vactuoles (which eventually bezome mature gra-
nules) and the mature secretory granules were found
i the cytoplasm of the normal birds, essentially
mature secretoty granules were seen in the depleted
birds.

Another highly significant finding was the appear-
ance of large number of globlet cells throughout the
sutface epithelium of the depleted magnum even
after the administration of the ocstrogen for six con-
secutive days, while in the normal tissue these cells werte
visible omly occasionaly. According to Kohler e 4&l.5
the tubular gland cells are the first to differentiate
{rom the primitive epithelial cells, while the goblet
cells and ciliated cells do not appear in appreciable
number until the maturation of the tubular gland cells
is complete and these processes take place around 7
to 8 days after the cestrogen treatment has been stat-
ted. It is thus clear that the control of the programmed
differentiation of the epithelial cells of the oestrogen-
treated oviduct is Jost in the absence of vitamin A.

Isolation of a receptor protein for retinol from the
oviduct :

In recent lyears several receptors for steroid hor-
mones have been isolated from various animal tissuesl2,
one of them being a specige receptor for progesterone
isolated from hen oviductl3, and it is generally believed
that the cellular receptors for the steroids deliver the
steroids to the nucleus of the target rissues for their
physiological function. Similatly receptors for various
retinol derivatives have been described in  different
animal tissuesi41¥16,  \We have also isolated from
the oviduct of Yaying hens z receptor for retinol jn
fairly pure form. Its molecular weight was 13,180
daltons and it could bind specifically with retinol,
retinyl acetate and retiny! palmitate. It had two types
of binding sites with Ka of 3-7 X 107 M-1 and
3.9 % 100 M1, respecty and it represented about
0:-16% of the total ytosol proteins of the oviduct
magnum. We should however mention it here that
the function of the plasma retinol-binding protein
(RBP) is quite different from that of the gellular
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receptor protein in that, while the former transports
retinol from the storage site and delivers it to the
cell whete 1t is required, the latter makes retinol
available to the actual site inside the cell where it 15
ultimarely used. It would be interesting to speculate
that both steriod hormone and tetinol participate
through the tespective receptot proteins at  the
Shromatin level of the cell nucleus 1n division and
differentiation of cells. These comiderations have led
us to suggest that retinol should be called a co-steroid
hormone®,
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DISCOVERY OF THE CYANOPHYCEAN ALGAL REMAINS AND MICROPLANKTONS
IN THE LATE PRECAMBRIAN SCHISTOSE PHYLLITES AND ITS BEARING
ON THE AGE OF THE AMRI UNIT, GARHWAL HIMALAYA, INDIA
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ABSTRACT

The late Prezambrian schistose pRyllires (Amri Unit) of the Gahrwal Himalaya at north-
eastern Dogadda yielded high concentration of spheroidal algal remains (Alyxococcosdes minor)

of living Gyaropaycean (
(Granomargitin.e Preypniitva, ‘
topsis septata). The general morphological

( Chroococcaccae) affinities,
Protosphaeridium volkovae) and fuagal (?) remains (Eomyce-
characters of the microfossils are described. Their

In addition, they consists of microplanktons

discovery in the rocks of the area is the fusc find of these microorganisms knowa to-date. The

occurrence of microflora (microfauna) in the rocks assists in the reconstruction of the

paleo-

ervironments of the antient Garhwal Himalayan ocean, and lating of the Precambrian phyllites

of the Amri Unit,

INTRODUCTION

E  occurrence of fo.ual spheroidal  algal

remains, of living cyanophycean (Chroccou
ceae) affinithes, and organic- walled micro-
plankions (acritarchs) from 1he jate Precambrian
schistose phyllites of Dogadda (Gathwal Himalaya,
India) have sot  been  reported  so  har In
India, however, acritarchs  and cyanophlycean  algal
remains  (spheroidal,  filamentous) have  been
recorded from North India (Kumaun and Garhwa
Himalavas, Son Valley)., South Indiy  (Kaladgi

Curr Sci—3

Basin, Karnataka State, Andbhra Pradesh) and Madhva
Piadesh (Rampura), ranging in age  from late
Precambrian to Cambrian (Sdujha ef al.12, Salujha
et al 1314 Venhatachaly and Rawat!®; Venkatachala
et al20, Prakash?, Vishwanathiah et al?!, Mathy
and Shukla?, Nautival® 7). Furthetmore, a con-
siderable amount of information on the <phetoidal
algal remains and microplandhtons fiom  the ’late
Procambrian the USA., Canady,
Austraba, Afuda; and Russia has been published
(Vologdin and Drozdovat®; Sthopt!® ) Schopf and
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