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of the lighter cells which have burst (Figure 2 e). There is
some deformation of the organelles in the cytoplasm, like
the lipid droplet here. This can be attributed only to the
muscular contraction of the alveoli by the myoepithelial
cells. The darker cell organelles show less deformation,
but they also indicate high cellular activity. Most nuclei
show chromatin margination and a fibrous nuclear lamina
(which may structurally help retaining nuclear integrity
as the cell is subjected to mechanical force). The SER in
the dark cells shows, in places, a parallel array or honey-
comb structure (Figure 2f,g), a feature which has been
reported in cells undergoing hypertrophyg. The bursting
of the plasma membrane does not indicate necrosis, as
the nuclei have not become swollen or pyknotic, nor is
there swelling of mitochondria which tend to become
pyknotic. In some Golgi vesicles (and cytoplasm), multi-
vesicular bodies are seen, as also lipofuscin granules
which are indicative of autophagy7. Dihydrotestosterone,
a degradation product of testosterone and a more potent
androgen, has also been reported in musth secretions”.
Some alveoli, where the cells remained inactive, were
also noticed. The cells here did not take up electron stain
and just a few nuclei got stained. Additional evidence for
the above discussion is presented in Figure 3.

The features noticed suggest the following. For steroid
production, the cells go into a hypertrophic state with in-
crease in numbers and tubular cristae of mitochondria,
concomitant increase in SER and Golgi bodies with many
secretory vacuoles, microvilli and changes in nuclei. Sec-
retory products build up and they are sent out. Autophagy
of lipids also takes place. When the limit of steroid syn-
thesis is reached, microvilli disappear, the plasma mem-
brane breaks and cellular debris enters the lumen along
with the testosterone and dihydrotestosterone produced,
as a result of the contractile forces exerted by the myo-
epithelial cells. This needs to be compared with mam-
mary gland development, where epithelial stem cells in
alveoli differentiate suitably for the production of milk
protein and fat. It is interesting that in the temporal gland
of the elephant they develop into androgen-secreting
cells. The role of mitchondria and its changes during the
production of androgen offers scope for biochemical in-
vestigations. It has been reported that younger males
have in their musth secretion compounds which are
honey-smelling (termed moda musth), which is tolerated
by the older elephants and which in ancient Sanskrit lite-
rature is described as capable of attracting honey bees’.
The present study also invokes the need to compare
Asian musth gland ultrastructure with the younger male
of the Asian elephant in moda musth, as also the male
and female African elephants during normal temporal
gland secretion activity and in musth. Along with the
physiology involved, these studies can help in reducing
human—elephant conflicts arising out of musth activity
and perhaps even pave the way for a better understanding
and treatment of endocrine diseases.
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Lens crystallins are highly conserved, tissue-specific
proteins. Crystallins from eight vertebrates were com-
pared on the basis of their isoelectric points, molecular
weights and  immuno-crossreactivity against  poly-
clonal antibodies using 3D plots, to estimate ‘star’ and
‘network’ Euclidian distances between species. The
phylogenetic trees obtained were tested by bootstrap
and fixed in the 3D space by multidimensional scaling
and a new sequential positioning method. 3D trees us-
ing ‘network’ distances give the best fits.

THE vertebrate eye lens contains tissue-specific (o}
and yor &) crystallins, which have been cornparedlf22 for
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phylogenetic closeness based on their immuno-cross-
reactivity. At present, phylogenetic trees are constructed
based on a single parameter or trait, using unweighted
pairs grouping method®*™?®. Such trees are two-dimen-
sional and with corrections for the timescale'-*!5717-26730,
They offer solutions which differ depending on the para-
meter. From our database (S. P. Modak and M. Milner,
2002, unpublished) on isoelectric points (pI), molecular
weight (MW) and immuno-crossreactivity (IC) of verte-
brate crystallins to eight antibodies, we describe the con-
struction of 3D phylogenetic trees by multidimensional
scaling or a novel sequential positioning of 3D distances
in combination with unweighted pairs grouping.

The database (S. P. Modak and M. Milner, 2002, un-
published) of over 150 vertebrate speciesl’g’lé’”’25 catego-
rizes vertebrate lens crystallins by MW in SDS-PAGE,
by pl in isoelectrofocusing gels (JEF-PAGE), and IC
against polyclonal antibodies to crystallins from eight
different vertebrates*'>17% we compared crystallins
from shark (Scoliodon sorrakowah, order Lamniformes,
subclass Chondropterygii, class Pisces), pomfret (Pam-
pus argenteus, order Perciformes, subclass Teleostei,
class Pisces), frog (Rana tigerina, order Anura, class
Amphibia), garden lizard (Calotes versicolour, order
Lacertilia, class Reptilia), chick (Gallus domesticus, order
Galliformes, class Aves), and three mammals, namely,
mouse (Mus musculus, order Rodentia, class Mammalia),
fruit bat (Rousettus leschenaulti, suborder Megachirop-
tera, order Chiroptera, class Mammalia) and Megaderma

(Megaderma Iyra, suborder Microchiroptera, order Chi-
roptera, class Mammalia) to obtain the similarity coeffi-
cient’! [S] based on the fraction of number of bands of
MW or pl and precipitin lines in IC common to any two
species, using the equation [S=Z/(X+ Y-Z)], where S is
the fraction of shared bands, X is the total number of
bands in species 4, Y is the total number of bands in spe-
cies B and Z is the number of bands common to species 4
and B. We then estimate (Table 1) the number of changes
per protein [P value] as P=—[InS]/N, where N is 3 for o
3 and 7y or Scrystallins, and 1nS is the natural logarithm
of the § value. Using ‘3D Studio VIZ’ Release 3, we plot
in 3D, P values for IC precipitin lines (x axis), IEF
classes (v axis) and MW classes (z axis) of crystallins. In
these plots, the P values for MW and pl are the same,
while those for IC are relative to any one species with its
homologous reaction and positioned at 0, 0, 0 from where
we estimate three-dimensional or Euclidian distances to
each of the seven remaining species, using the equation
D=V{x1-x2y" + (1 -2 + (z1 —22)*}. These are ter-
med as ‘star’ distances. Here, D is the distance between
the species P1 located at x1, y1, z1 giving a homologous
IC, and the species P2 located at x1, y2 and z2, showing
heterologous IC, and so on for species P3 to P8. When
compared bi-directionally within a pair, 3D distances
may differ because of the number of precipitin lines in
homologous IC. For example, in homologous IC, shark
forms five precipitin lines, while pomfret gives nine,
which may affect their relative bi-directional ‘star’ or

Table 1. Estimated number of changes per protein (P value) in crystallins
Shark Pomfret Frog Calotes
IC pl MW IC pl MW IC pl MW IC pl MW
Shark 0.000 0.000 0.000 0.305 0.414 0.536 0.187 0.740 0.693 0.768 1.277 0.462
Pomfret 0.597 0.414 0.536 0.000 0.000 0.000 0.337 0.617 0.478 0.462 0.590 0.519
Frog 0.501 0.740 0.693 0.337 0.617 0.478 0.000 0.000 0.000 0.366 0.489 0.672
Calotes 0.501 1.277 0.462 0.624 0.590 0.519 0.231 0.489 0.672 0.000 0.000 0.000
Chick 0.282 0.903 0.418 0.597 0.774 0.401 0.327 0.497 0.366 0.327 0.300 0.513
Mouse 0.536 0.693 0.536 0.489 0.511 0.568 0.270 0.544 0.462 0.401 0.672 0.513
Rousettus 0.327 0.732 0.649 0.624 0.523 0.649 0.366 0.613 0.536 0.366 0.641 0.462
Megaderma  0.501 0.672 0.536 0.880 0.491 0.568 - 0.568 0.462 - 0.649 0.513
Chick Mouse Rousettus Megaderma
IC pl MW IC pl MW IC pl MW IC pl MW
Shark 1.000 0.903 0.418 0.231 0.693 0.536 0.768 0.732 0.649 0.501 0.672 0.536
Pomfret 1.000 0.774 0.401 0.170 0.511 0.568 0.462 0.523 0.649 0.624 0.491 0.568
Frog 0.327 0.497 0.366 0.270 0.544 0.462 0.536 0.613 0.536 0.536 0.568 0.462
Calotes 0.327 0.300 0.513 0.568 0.672 0.513 0.536 0.641 0.462 0.536 0.649 0.513
Chick 0.000 0.000 0.000 0.366 0.679 0.578 0.501 0.649 0.693 0.501 0.657 0.578
Mouse 0.799 0.679 0.578 0.000 0.000 0.000 0.157 0.049 0.074 0.157 0.036 0.000
Rousettus 0.501 0.649 0.693 0.051 0.049 0.074 0.000 0.000 0.000 0.000 0.013 0.074
Megaderma - 0.657 0.578 0.157 0.036 0.000 0.231 0.013 0.074 0.000 0.000 0.000

IC, Immunocrossreactive precipitin lines; pl, Isoelectric classes; MW, Molecular weight classes.
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