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Jupiter’s orbit

Gas giants are usually close to
their stars. Lund University
researchers find that Jupiter
formed at a distance some
four times away from the sun
as its present orbit. Over
7,00,000 years it migrated
inwards in the solar system. At
first, Jupiter was no larger
than the earth, they find.
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Nasty side-effects
It is believed that obesity
increases an individual's risk of
developing many types of
cancer. Obesity itself is linked
to use of high fructose corn
syrup (HFCS), a sweetener
used in soft drinks. A study
published in Science shows
that HFCS promotes intestinal
cancer in mice models, even in
the absence of obesity.

Sensitive humans

Some humans can sense
magnetic fields of the order of
the Earth's magnetic field,
according to Tokyo University
and Caltech scientists. A mixed
group of 34 participants
seated in a dark special
chamber were subjected to
changing magnetic fields.
Many showed corresponding
changes in brain waves.

Endangered turtles
A study showed that the order
Chelonia, which contains all
turtles, is among the most
endangered of vertebrate
orders. The threat is most
pronounced in Asia where
trade and traditional medicine
have driven large declines.
Other factors are habitat loss,
disease, invasive species and
climate change.

Large eruptions

A study published in Science
argues that the probability of
large volcanic eruptions is high
enough to warrant being
prepared for them. While the
last volcanic super-eruption
occurred 27,000 years ago,
smaller eruptions of the scale
of Mount Tambora event that
took place in 1815 cannot be
ruled out, the study says.

extensive bone formation

In 90 days, the silk fibre completely degraded leaving behind a homogeneous bone in rabbits

R. PRASAD

A scaffold made of silk-bone cement
composite doped with silicon and
zinc metal ions has been found to re-
generate new bone tissue in rabbits
in three months. The newly formed
bone forms a seamless joint with the
existing bone and has blood vessels
inside it. Tests carried out on rabbits
with defective thigh bone (femur)
showed extensive bone formation of
73% at the end of 90 days compared
with 49% in the case of scaffold made
only of silk fibre. Even at the end of
30 days, there was adequate bone re-
generation and new blood vessel
formation.

Superior graft

The bone graft fabricated and tested
by researchers at the Indian Institute
of Technology (IIT) Guwahati is supe-
rior to currently available ones, affor-
dable and does not require external
use of growth factors for bone cells to
Srow.

“At the end of three months, the
silk fibre had completely degraded
leaving behind a homogeneous bone
produced by rabbit bone cells. The
newly formed bone had healed the
defective femur,” says Prof. Biman
Mandal from the Department of Bios-
ciences and Bioengineering, IIT Gu-
wahati who led the team. The bone
cement made of calcium phosphate
becomes a part of the bone while the
biocompatible metal ions (silicon
and zinc) get leached out at the end
of 90 days.

The team is now validating the
bone graft in large animals for clini-
cal translation.

The scaffold is fabricated by first
doping the bone cement with silicon
and zinc and mixing the bone ce-
ment with chopped mulberry silk
fibre. The bone cement gets ad-
sorbed on the silk fibre. Liquid silk
fibre is then added to bind the
chopped fibre and bone cement; the
liquid silk also makes the composite
highly porous. The silk-bone cement
composite has higher density and
strength, more surface area and high

Fleshing out
the bones

Tests carried out on rabbits with

a defective femur show extensive
bone regeneration when a
scaffold made of silk-bone cement
composite doped with silicon and
zinc were used

Scaffold made of silk-bone cement
composite doped with silicon and zinc

surface roughness, closely resem-
bling a native bone.

“The zinc and silicon ions get
leached from the composite and ac-
tivate bone and blood vessel cells.
This leads to faster regeneration of
the bone tissue and blood vessel for-
mation,” says Prof. Mandal. “By dop-
ing with these metal ions we are do-
ing away with external addition of
growth factor and also making the
graft affordable.”

“While the silk scaffold provides
the physical cues, the silicon and
zinc metal ions provide the chemical
cues. These two synergistically mim-
ic the biological cues which people
use for tissue engineering,” explains
Joseph Christakiran Moses from the
Department of Biosciences and
Bioengineering, IIT Guwahati and
first author of a paper published in
the journal ACS Biomaterials Science

= The scaffold

is fabricated by
first doping bone
cement with
silicon and zinc and
then mixing with
chopped silk fibre

= The bone cement
gets adsorbed on
the silk fibre. Liquid
silk fibre is then
added to bind the
chopped fibre and
bone cement

= Silk-bone cement
composite serves as
scaffold while zinc
and silicon activate
bone and blood
vessel cells, leading
to bone and blood
vessel formation

= At the end of
three months, silk
fibre gets degrad-
ed, bone cement
gets absorbed and
silicon and zinc get
leached out

= Rabbits implanted
with the grafts
showed extensive
bone and blood
vessel formation at
the end of 90 days
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Explaining how new blood vessels
are formed, Moses says: “Silicon and
zinc trigger a molecular response
within the bone cells which makes
them feel that they are lacking oxy-
gen (triggering hypoxia response ele-
ment). So the bone cells start secret-

ing pro-blood vessel forming
(angiogenic) signals leading to
vascularisation.”

Bone regeneration

The compressive strength of silk
fibre is about 40 kPa, while it is near-
ly double in the case of the silk-bone
cement composite. Though doping
with the silicon and zinc metal ions
reduces the mechanical properties,
particularly  the  compressive
strength, the bulk strength of the
doped composite is sufficient to ac-
tivate bone regeneration.

Biman Mandal
(right) and
Joseph C. Moses

Silk composite scaffold implanted in rabbits. The homogenous
femur bone and blood vessels formed in 90 days

Through in vitro studies carried
out prior to experimentation with
rabbits, the researchers realised that
incorporation of bone cement and
metal ion doped bone cement en-
hanced the bone tissue regeneration
capacity.

While the composite was seeded
with bone cells for in vitro studies, in
rabbits, the composite was used
without adding any bone -cells.
“Bone cells from neighbouring tissue
migrate and bind to the scaffold and
aid in bone regeneration,” Prof. Man-
dal says. The high porosity allows the
bone cells to migrate and occupy the
insides of the composite and regen-
erate the tissue, while the surface
roughness of the composite, which
closely mimics the native bone, facil-
itates faster and better regeneration
of the bone.

Protected areas matter to
bumphead parrotfish

Study finds low densities of the fish in
the Andaman and Nicobar Islands

AATHIRA PERINCHERY

The survival of the threa-
tened bumphead parrotfish
in the Andaman and Nico-
bar Islands hinges on the
persistence of coral reefs
and presence of marine pro-
tected areas. Implementing
fishing regulations could
help its population bounce
back, say researchers.

Bumpheads are the
world’s largest parrotfish.
Ramming its enormous
green head against corals to
dislodge them, a single
bumphead can nibble up to
five tonnes of coral every
year. Though seemingly des-
tructive, this activity pro-
motes coral growth and
keeps reef ecosystems
healthy. However, numbers
of bumphead parrotfish
have decreased worldwide.
Overfishing is a concern, for
the fish are highly prized
catches. But how are India’s
bumpheads in the Andaman
and Nicobar Islands doing?

In an effort to generate
baseline data, a team com-
prising Vardhan Patankar
(Wildlife Conservation So-
ciety-India) surveyed 75 co-
ral reef sites off 51 islands to
obtain information on the
distribution of bumpheads.
Diving underwater, they
counted the numbers of
bumpheads and quantified
benthic cover (such as live
coral, algae, sand and rub-
ble) there. Their results, pu-
blished in Oryx, reveal that
the fish occurred only
patchily in these waters at
densities of just 0.0032 per
hectare. The team spotted
no juveniles, only 59 adults
at merely nine islands.

“The low densities are
shocking, very similar to
those of bumphead popula-
tions in southeast Asia
where they are legally pro-
tected,” said Dr. Patankar.

Live coral cover and the

The bumphead parrotfish of
Nicobar islands.
= VARDHAN PATANKAR

presence of marine protect-
ed areas - where fishing is
banned - emerged as crucial
factors for bumphead pre-
sence. To supplement this
information with local
knowledge, the team also
conducted 99 interviews
with fishermen in the South
and Middle Andaman is-
lands and Central Nicobar.
Most fishers were aware of
the presence of bumpheads
in their waters; and all fish-
ermen in Central Nicobar
and Middle Andaman had
seen the fish feeding and ag-
gregating (bumpheads tend
to aggregate in numbers
larger than 10). Most fishers
had hunted the fish all their
lives, using hand-held woo-
den spears or harpoons.
Currently, this hunting is
only opportunistic. Howev-
er, if this changes to targeted
fishing it could endanger
bumpheads which could be
easily conserved as a ‘flag-
ship species’, says Dr. Patan-
kar. “Bumpheads are not le-
gally protected in India
though the IUCN categorises
them as Vulnerable,” he
says. “Now would be a good
time to protect them legally
and implement some fishing
restrictions so their num-
bers can improve. Natural
catastrophes such as
bleaching may have already
affected these large fish.”

Ooty’s muon detection facility measures potential of thundercloud

At 1.3 gigavolts, this cloud had ten times higher potential than the previous record in a cloud

SHUBASHREE DESIKAN

Gauging a
thundercloud

Using GRAPES 3 facility
muons were studied

to understand the
thundercloud properties

For the first time in the
world, researchers at the
GRAPES-3 muon telescope
facility in Ooty have mea-
sured the electrical poten-
tial, size and height of a thun-
dercloud that  passed
overhead on December 1,
2014. At 1.3 gigavolts (GV),
this cloud had 10 times high-

= Elementary particle
muons are produced
through interaction of
cosmic rays with atoms in
atmosphere

er potential than the pre-
vious record in a cloud. This
is not because clouds with

. Energ'y of muons
changed on passing
through thunderclouds

such high potentials are a
rarity, but rather, because
the methods of detection
have not been successful so
far.

= Muon intensity variation
measured was related to
thundercloud potential
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been probed in detail earlier.
Dr Gupta urged the research-
ers in his team to study this
carefully.

Threshold of detection

Muons and other particles
are produced when cosmic
rays bombard air particles
surrounding the earth. The
muons produced can have
positive or negative charge.
When a positively charged
muon falls through a cloud, it
loses energy. If its energy
falls below 1 giga electron
volt (GeV), which is the
threshold of detection of the
GRAPES-3 muon telescope, it
goes undetected. On the con-

Cloud structure

Clouds have negative charges
along their lower side and
positive charges on top and
can be several kilometres
thick. If balloons are used to

measure the potential diffe-
rence between the top and
bottom, they will take hours
to traverse the distance. Un-
fortunately, thunderstorms
last only for about 15-20 mi-
nutes, and this method fails.

The Ooty group did not
really set out to measure the
cloud’s potential. Sunil Gup-
ta from TIFR, Mumbai and
corresponding author of the
paper published in Physical
Review Letters, says that he

was first intrigued by the way
the muon intensity dipped
briefly in a manner correlat-
ed with the thunderstorm.
Though it was known that
thunderstorms had an effect
on muon intensity, it had not

trary, a negatively charged
muon gains energy when
falling through the cloud and
gets detected. Since there are
more positive than negative
muons produced in nature,
the two effects don’t cancel

End stigma and discrimination to end TB

The years 2018 and 2019 have been landmark years in the fight against TB

ANUPAMA SRINIVASAN

It was April 2017 and 30 tu-
berculosis (TB) survivors
were participating in a lively
group exercise at a workshop
in New Delhi. They were
identifying barriers that peo-
ple with TB — like themselves
— commonly faced in access-
ing health information and
services. Each TB survivor
brought his/her own perso-
nal experience to the discus-
sion — the difficulties in get-
ting a clear diagnosis,
doctor-shopping, the lack of
information on what the
treatment involved, having
to deal with side-effects, the
loss of income, to name a
few. While TB had impacted
each of their lives differently,
they were all unanimous in
identifying one cross-cutting
barrier — stigma and its assid-
uous companion,
discrimination.

In the two years since, the
team at REACH, an organisa-
tion working on TB since
1998, has witnessed similar
scenes play out at other
workshops around the coun-
try. Over 300 TB survivors
from across India — all of
whom attended trainings to
help them become powerful
TB champions and advocates
— described stigma as an im-
penetrable barrier in access-
ing TB services.

Landmark years

In many ways, TB has never
been more visible than be-
fore. The years 2018 and
2019 have been landmark
years in the fight against TB,
globally and in India, with
the first ever High Level
Meeting on TB held at the
United Nations last year. In
India, there is high political
will and commitment to end
TB, budgets are slowly in-

creasing, new social support
schemes have been an-
nounced and TB survivors
are speaking up. There is a
lot of talk of ‘ending TB’ and
the ambitious phrase — TB
elimination — has entered
our lexicon.

But as yet another World
TB Day comes around on 24
March, it is important to
keep reminding ourselves
that we cannot win the fight
against TB without ending
stigma and discrimination.
And we cannot end stigma
and discrimination if we do
not improve public under-
standing of TB — that it is cur-
able, that pulmonary or lung
TB spreads through air, that a
person with TB becomes
non-infectious soon after
starting treatment and that
extra-pulmonary TB (TB that
affects parts of the body oth-
er than the lungs) is not in-
fectious. Even as the govern-

(9 We must provide

both treatment and
legal literacy to
people with TB, so
that they understand
their rightsand can
speak up if these are
violated.
ment steps up investment in
new tools and strengthens
service delivery systems, we
must make sure that stigma
and discrimination are not
left out of global, national
and local plans to end TB.

Impact of stigma

The impact of stigma extends
beyond the shame, fear and
guilt that a person with TB
can feel. As many TB survi-
vors have told us over the
years, stigma is often self-di-
rected and internalised,
drawing on social miscon-
ceptions of TB. This is espe-
cially true of women with TB,

who bear the brunt of criti-
cism from their families and
whose biggest fear is of in-
fecting their children. TB is a
curable disease yet the im-
pact of stigma can be long-
lasting, often resulting in the
breakdown of relationships.
Stigma can be more devastat-
ing than the disease itself.
From the health system’s
perspective, stigma is a po-
werful deterrent at every
step along the care cascade —
the pathway from when so-
meone develops symptoms
of TB to until after they are
declared cured. Stigma can
prevent someone with symp-
toms of TB from accessing
services — we have seen that
the fear of being diagnosed
with TB often outweighs the
anxiety associated with feel-
ing ill or in poor health. Stig-
ma and discrimination also
come together to inhibit so-
meone with TB from conti-

nuing their treatment or
seeking preventive therapy
for their family.

Last year, REACH initiated
the first ever Legal Environ-
ment Assessment of TB in In-
dia, an exhaustive exercise to
understand how TB interacts
with the law and with human
rights. Survivors of TB and
their family members inter-
viewed for the LEA brought
up the overt and covert ways
in which stigma and discrim-
ination play out — young wo-
men thrown out of their
homes by husbands and fa-
milies, children with TB
physically isolated in school
or prevented from sitting in
the classroom, subtle ostraci-
sation by co-workers at the
workplace and discrimina-
tion by healthcare workers at
health facilities in both the
public and private sectors,
among others.

As the LEA report recom-

out, and a net change in in-
tensity is detected.

From April 2011 to Decem-
ber 2014, the group studied
the variation of muon inten-
sity during 184 thunder-
storms. In seven events they
came across thunderclouds
that corresponded to a large
change in muon intensity, of
above 0.4%. They also simul-
taneously monitored the
profiles of the clouds using
four ground-based electric
field monitors. Only the
cloud that crossed on De-
cember 1, 2014, had a profile
that was simple enough to
simulate.

Using a computer simula-
tion and the observed muon
intensity variations, the
group worked out the rela-
tionship with the electric po-
tential of the cloud. They cal-
culated that the potential of
the cloud they were studying

mends, adopting a rights-
based, community-led, gen-
der-sensitive and person-
centred approach is central
to reducing stigma and dis-
crimination. This means en-
suring that all persons with
TB receive respectful and
high-quality treatment, in-
cluding adequate informa-
tion about TB and counsell-
ing. For this, we need to
sensitise healthcare provid-
ers to issues faced by those
with TB and ensure they act
in a non-discriminatory man-
ner. We must provide both
treatment and legal literacy
to people with TB, so that
they understand their rights
and can speak up if these are
violated.

Champions

Most of all, we must continue
to empower and centre-stage
TB survivors and champions
to speak up boldly about
their TB stories. Like Arti and
Jagannath, for instance, who
were both battling TB for ov-
er five years, running from
one doctor to another and
struggling to raise their
young children. They were

was approximately 1.3 GV.
“To best of our knowledge
no one has ever measured
potential, size and height of a
thundercloud simultaneous-
ly. That is the reason for all
the excitement,” says Dr
Gupta.

Clue to puzzle

Dr Gupta and his colleagues
surmise that this method can
be used to solve a 25-year-old
puzzle of terrestrial gamma
ray bursts — huge flashes of
light that accompany lightn-
ings, but which have not
been explained in theory un-
til now.

Learning about the pro-
perties of thunderclouds can
be useful in navigation of air-
craft and preventing short
circuits. This serendipitous
discovery might provide the
means to making headway in
this direction.

also dealing with fraught re-
lationships and with the so-
cial shaming and isolation by
their respective families. To-
day, they are both proud to
be TB champions, at the fore-
front of the response to TB in
their communities. As Arti
says, for the people in her
area, she’s now ‘TB-wali ma-
dam’, and it’s a label she is
proud of.

As more champions like
Arti and Jagannath speak up,
we must develop a robust
system to ensure that they
not only have a seat at the ta-
ble but also have a say in de-
cision-making that impacts
the everyday lives of those
living with TB. It is the active
involvement of these TB sur-
vivors and champions that
can give an impetus to our
collective efforts to improve
public understanding of TB,
reduce stigma, prevent dis-
crimination and end TB in
India.

(The author is Deputy Pro-
ject Director at REACH, a
Chennai-based non-profit or-
ganization dedicated to the
fight against TB for the last
two decades.)



