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India tests new weapons system for China border
Source: The Times of India, Dt. 18 Jul 2025

The Army will soon begin inducting two regiments of the Akash Prime surface-to-air missiles
designed for air defence in high-altitude areas along the frontier with China, with the force testing
the new weapon system in Ladakh twice on Wednesday. The Akash Prime missiles successfully
destroyed two high-speed unmanned aerial targets at an altitude of around 15,000-feet during the
trials, which defence minister Rajnath Singh described as “a significant milestone and boost” for
India’s air defence capabilities, especially for high-altitude operational requirements.

The existing Akash air defence systems with the Army and IAF were extensively used against
drones, loitering munitions and the like launched by Pakistan during the cross-border hostilities
from May 7 to 10 under Operation Sindoor. Both Akash and Akash Prime have the capability to
intercept hostile aircraft, helicopters and drones at a 25-km range, but the latter is the upgraded
customised version for high-altitude areas above 4,500-metre with modified ground systems and
radars as well as new radio frequency seekers in the missiles.”

Various upgrades have been made in the Akash Prime system, designed by DRDO and produced
by defence PSU Bharat Dynamics, based on operational feedback from the Army to improve its
operational effectiveness. Wednesday’s trials were conducted as part of the first production model
firing to enable timely induction,” an official said.

Under a Rs 8,160 crore contract in March 2023, the Army Air Defence (AAD) is now raising the two
new regiments for the Akash Prime system, which also have a reduced footprint with 360°
engagement capability, to add to its two existing Akash regiments. The IAF, in turn, already has 15
Akash squadrons ordered for Rs 10,900 crore, with more being in the pipeline, as reported by TOI
earlier.
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The DRDO has also developed the Akash-NG (new generation) weapon system, with an initial
interception range of 30-km that will be progressively enhanced. Tested for the first time in Jan
2021, the Akash-NG consists of more compact missiles with advanced radio frequency seekers,
launchers, multi-function radars, and command, control and communication systems.“

The Akash-NG is a canister-based system for much greater operational flexibility. Each canister
can carry six missiles. Once inducted, it will be a major force-multiplier to ensure that the kill or hit
probability goes up further,” another official said. The MoD said the improved Akash system “marks
a major step forward for India’s missile development programmes, which are now gaining
increasing attention in the global defence market”.

While Armenia was the first foreign customer for the Akash systems, India also offered them to the
UAE when Dubai crown prince Sheikh Hamdan bin Mohammed bin Rashid Al Maktoum visited
India in April. The AAD, incidentally, is also slated to get three regiments of the new indigenous
quick reaction surface to air missile (QRSAM) systems for Rs 36,000 crore. These highly-mobile
QRSAMs, with interception ranges of up to 30 km, and the Akash systems will add to India’s
existing multi-layered air defence network that played a crucial role in thwarting multiple waves of
Turkish-origin drones and Chinese missiles launched by Pakistan during Operation Sindoor.

https://timesofindia.indiatimes.com/india/india-tests-new-weapons-system-for-china-border/
articleshow/122676664.cms
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India test-fires nuclear-capable Agni, Prithvi missiles
Source: Hindustan Times, Dt. 18 Jul 2025

India on Thursday successfully test-fired nuclear-capable short range ballistic missiles Prithvi-I|
and Agni-l from an integrated test range off the Odisha coast, demonstrating its strategic
deterrence capability. The test-firing of the missiles, conducted by the elite Strategic Forces
Command, validated all operational and technical parameters, according to the defence ministry.

On Wednesday, India successfully test-fired indigenously developed Akash Prime missile in
Ladakh that has been customised to operate at an altitude above 4,500 metres. The test-firing of
the missiles came over two months after the May 7-10 military conflict between India and Pakistan.
The Prithvi-Il missile has a range of around 350 kms and it is capable of carrying a payload of up
to 500 kgs. It can carry both conventional as well as nuclear warheads. The Agni-l missile has a
range of 700-900 kms and it can carry a payload of 1,000 kgs. Both Prithvi-ll and Agni-l missiles
have been an integral part of India's nuclear deterrence.

"Short-range ballistic missiles Prithvi-Il and Agni-l were successfully test-fired from the Integrated
Test Range in Chandipur, Odisha on July 17," the ministry said in a brief statement. It said the
launches "validated all operational and technical parameters. "These tests were conducted under
the aegis of the Strategic Forces Command," the ministry said.

On test-firing of Akash missile, the ministry said it carries added significance as it follows the
"exceptional performance"” of India's indigenously developed air defence systems during Operation
Sindoor. Akash Prime is an upgraded variant of the Akash weapon system built for the Indian
Army. The test-firing of the missile in Ladakh assumed significance as it is close to the Line of
Actual Control .

"India on July 16 achieved a significant milestone by successfully destroying two aerial high speed
unmanned targets at high-altitude in Ladakh by Akash Prime, the upgraded variant of Akash
weapon system for the Indian Army," the ministry said in a separate statement. It said the weapon
system is customised to operate in altitude above 4,500 metres and has latest upgrades including
indigenously developed radio frequency seeker.

"Based on the operational feedbacks from users, various upgrades are made to improve the
operational effectiveness, demonstrating the advantage of the ecosystem created for the
indigenous weapon system," the defence ministry said. Defence Minister Rajnath Singh
complimented the Indian Army, the Defence Research and Development Organisation , and the
industry on this "remarkable achievement", it said.

https://www.hindustantimes.com/india-news/india-test-fires-nuclear-capable-agni-prithvi-missiles-
101752772445999.html

*

Indian Navy’s eastern fleet ships reach Singapore to bolster
naval ties in Southeast Asia
Source: The Hindu, Dt. 18 Jul 2025

Indian Naval Ships Delhi, Satpura, Shakti, and Kiltan arrived in Singapore to a warm welcome from
the Singapore Navy and the Indian High Commission.
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According to the Indian Navy, the visit is part of the Indian Navy’s operational deployment to
Southeast Asia and aims to strengthen maritime ties with Singapore through various engagements
and activities. Naval Ships reached under the Command of RAdm Susheel Menon, Flag Officer
Commanding Eastern Fleet.

e e e T M e

One of the Indian Naval Ships, under the Command of Flag Officer Commanding Eastern Fleet of
the Indian Navy Rear Admiral Susheel Menon, arrive in Singapore on July 16.

Professional interactions with the Republic of Singapore Navy, discussions with academia and
engagements with the community, that reflect the shared values of both nations, are planned
during the visit, the Indian Navy added.

Indian Navy and Republic of Singapore Navy share operational relations spanning over three
decades of cooperation, coordination and collaboration with regular visits, exchange of best
practices and reciprocal training arrangements. The current deployment underscores the strong
linkages between the navies.

https://www.thehindu.com/news/national/indian-navys-eastern-fleet-ships-reach-singapore-to-
bolster-naval-ties-in-southeast-asia/article69824093.ece

*

India, France ignite next-gen jet engine pact in 61,000 crore
strategic thrust
Source: The Economic Times, Dt. 18 Jul 2025

The defence ministry has recommended a collaboration with France to develop next-generation
fighter jet engines, marking a breakthrough for the mega project that will bring advanced
manufacturing and design technologies and is a key step towards self-reliance.

Sources said after a consultative process, which included feedback from stakeholders and a
technical committee that went deep into all aspects of fighter jet engine manufacturing, a decision
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has been taken to recommend a collaboration with France, as the proposal was found to be more
beneficial for India.

Under the X61,000 crore project, India will jointly develop a 120kn fighter jet engine that will be
used for future platforms, including the advanced medium combat aircraft (AMCA). Defence
minister Rajnath Singh has been a key driver behind plans to develop an indigenous fighter engine
and its manufacturing ecosystem in India.

Indigenous Mode O

Defence ministry evaluated offers
from France's Safran and UK's Rolls Royce &

Experts went into French offer, with
technical aspects complete
as well as tech transfer,
potential costs made earlier too

2= safran had suggested a roadmap
matching AMCA development timeframe

First batch of AMCA may Effortsonto
need to be fitted with develop an indigenous
US-made GE 414 engines power plant

The ministry evaluated offers from France's Safran and UK's Rolls Royce, with experts going into
the technical aspects as well as potential costs. The French offer, with complete technology
transfer, had also been made earlier, with Safran suggesting a roadmap that would match the
development timeframe of AMCA.

y parn ! "-‘._

As things stand, the first batch of AMCA may need to be fitted with US-made GE 414 engines,
while efforts will go on parallelly to develop an indigenous power plant. An engine is at the very
core of a fighter aircraft and few nations around the world have mastered the technology. By
conservative estimates, India will require well over 250 next-generation engines in the coming
decade.

At present, all Indian fighter jets are powered by foreign-origin engines. A significant cost of a
fighter goes towards engine and its maintenance. India has made efforts to develop its own engine
under project Kaveri but it could not lead to a conclusion as the engine was not found to generate
adequate thrust. A derivative of the Kaveri is now being developed to power unmanned combat
aerial vehicles.

India is also in talks for technology transfer with the US for the GE414 INS6 engine that will be
used to power the Mk2 version of light combat aircraft. Negotiations have not yet been concluded,
with India looking for over 80% tech transfer including coating for the hot end of the engine as well
as crystal blades and laser drilling tech.

https://economictimes.indiatimes.com/news/defence/indo-french-next-generation-fighter-engine-
collab-gets-minimum-thrust/articleshow/122670184.cms?from=mdr

*
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HAL receives first set of wing assemblies for LCA Mk1A from
L&T

Source: Press Information Bureau, Dt. 17 Jul 2025

The first set of wing assemblies for Light Combat Aircraft (LCA) Mk1A, produced by Larsen &
Toubro, was handed over to Hindustan Aeronautics Limited (HAL) in Coimbatore, Tamil Nadu on
July 17, 2025. Secretary (Defence Production) Shri Sanjeev Kumar attended the event virtually as
General Manager (LCA Tejas Division) Shri M Abdul Salam received the assemblies on behalf of
HAL from Precision Manufacturing & Systems Complex unit of L&T.

In his address, the Secretary (Defence Production) commended the efforts of HAL and L&T
towards achieving self-reliance. He hailed HAL for spearheading collaboration with different private
sector partners, nurturing them and ensuring enhanced capability. He expressed confidence in
meeting the requirement of the production target for LCA Tejas. He called for expanding horizons
and focusing on reducing dependency on other countries.

CMD, HAL Dr DK Sunil, who was present during the handing over, termed it as a testament to
years of dedicated hand-holding and a shared commitment to excellence from HAL and L&T. “HAL
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is working with suppliers, both large and SMEs, as an initiative towards achieving Aatmanirbharta
in the aerospace and defence sector. HAL has effectively built a parallel aircraft structural
assembly line in the private sector which will help in capacity augmentation of the LCA Tejas
program,” he said.

il

Senior Vice President & Head, L&T Precision Engineering & Systems Shri Arun Ramchandani said
L&T is set to supply four wing sets annually, with plans to scale up production to 12 sets per
annum through advanced assembly processes and automation, he added.

Till date, the LCA Tejas Division has received structural modules of Air Intake Assemblies from
Lakshmi Machine Works, Rear fuselage assembly from Alpha Tocol, Loom Assemblies from
Amphenol, Fin & Rudder Assemblies from Tata Advanced Systems, Centre Fuselage Assembly
from VEM Technologies and Wing Assemblies from Larsen & Toubro for the LCA Mk1A.

https://www.pib.gov.in/PressReleasePage.aspx?PRID=2145547

*

Drones to the fore: Challenge for India to stay ahead
Source: The Tribune, Dt. 18 Jul 2025

' NDIA’s Operation Sindoor sent a strong message to
Pakistan in retaliation to the Pahalgam terror attack.
It was undoubtedly a stunning display of aerial supe-
riority, but there is noroom for complacency. Chief of
Deferice Staff (CDS) Gen Anil Chauhan has hit the
nail on the head: today’s warfare has to be fought with
tomorrow’s technology, not with yesterday’s weapon sys-
tems. It’s all about remaining ahead of the curve — any
nation that fails to do so will imperil its security. The CDS
has rightly observed that UAVs (unmanned aerial vehi-
cles) have emerged as a “transformative force” in the rap-
idly evolving landscape of non-contact warfare.
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What makes drones so lethal is their ability to quickly
spot and hit targets such as key defence installations.
India was able to neutralise most of the drones used by the
Pakistani armed forces during the recent conflict mainly
because of its robust air defence system. However, it is
inevitable that Pakistan’s close allies will supply it with
superior UAVs to keep the pot boiling. This threat makes
it imperative for India to scale up indigenous develop-
ment of UAVs and Counter-Unmanned Aerial Systems
that are tailor-made for Indian conditions and needs.

India can draw lessons from the drone-intensive
conflict in eastern Europe, where Ukraine has made
the most of UAVs to undermine Russia’s advantage in
terms of troop strength, artillery and tanks. This strat-
egy has forced Russia to sharpen its focus on UAV tech-
nology. It is estimated that both nations are churning
out drones at the staggering rate of millions per year.
Ukraine’s rise as a powerhouse of drone production
should inspire India to become self-reliant in a field
where cutting-edge innovation is the name of the
game. No matter what purpose they are used for —
strike operations, surveillance, decoys — these flying
machines are here to stay. And the challenge for India
is to ensure that its drones and counter-drone systems
are better than those of the enemy. 4

*
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Complex greenhouse gas dynamics in the Central Himalayas
revealed
Source: Press Information Bureau, Dt. 17 Jul 2025

Indian scientists have, for the first time, captured high-resolution, continuous online measurements
of key greenhouse gases in the Central Himalayas highlighting how both environmental factors
and human activities jointly impact greenhouse gas levels in this sensitive ecosystem.
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Fig. (a) Trend in CO2, CHY, and CO at Nainital (NTL) and Mauna Loa, a background site, during 201 4—
2018. (b) Monthly variation in excess COQ/CO2, ppbippm with CO from fossil fuel combustion (COff) and
[from biomass burning (CObb), fire events aver the Northern Indian region (24-35° N, 70-59° E) and
boundary laver height at the site location. The vellow highlighted region denotes the emission ratios

reported for fossil fuel emissions and biomass emissions,

Ground observations with diurnal variability over the Himalayas are crucial to validate climate
mitigation efforts, build accurate emissions inventories and better forecasting.
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In a study performed by the Aryabhatta Research Institute of Observational Sciences (ARIES), an
autonomous research institute under the Department of Science & Technology (DST), Government
of India, Scientists from the Institute collected data over five years at a high-altitude research site
in Nainital.

Dr. Priyanka Srivastava and Dr. Manish Naja found how natural processes and human activities
together shape greenhouse gases — carbon dioxide (CO2) and methane (CHa4) and carbon
monoxide (CO) in the Central Himalayan region. The observations fill a critical gap in ground-
based atmospheric data for South Asia’s mountain regions, which have long been
underrepresented in global climate monitoring.

The unique vantage point of this Himalayan site in Nainital allows researchers to disentangle the
effects of biospheric uptake, regional emissions and complex meteorological patterns that shape
the region’s air quality and climate.

The research reveals that greenhouse gas concentrations in the Central Himalayas are generally
higher than those at other remote background sites, highlighting the influence of emissions from
both local and upwind sources. However, these levels remain lower than those typically found in
urban and semi-urban settings.

The data shows pronounced daily and seasonal cycles, with carbon dioxide reaching its lowest
levels during daylight hours due to active photosynthesis, while methane and carbon monoxide
tend to peak during the day as mountain winds transport pollutants upward from lower elevations.

Seasonal patterns are also evident: carbon dioxide concentrations rise in spring, coinciding with
increased biomass burning and limited vegetation cover, while methane levels are highest in
autumn, likely linked to agricultural activities such as rice cultivation. Carbon monoxide peaks in
late spring, suggesting a strong influence from regional pollution transport during this period.

Long-term trends point to a steady rise in both carbon dioxide (2.66 ppm per year) and methane
(9.53 ppb per year). These trends are even higher than those at Mauna Loa (a background site),
underscoring the growing impact of anthropogenic emissions in the region. In contrast, carbon
monoxide shows a gradual decline (3.15 ppb per year), possibly reflecting improvements in
combustion efficiency or changes in regional emission sources.

The study found that factors like solar radiation, temperature and the atmospheric boundary layer
—essentially the cap on how high pollutants can rise—are just as important as agricultural
practices or urban emissions in shaping these gas patterns.

These comprehensive, high-resolution observations provide an essential baseline for validating
satellite data, refining emissions inventories and improving atmospheric models.

By disentangling these influences, the research gives policymakers and climate modelers a
powerful tool-- localized, high-resolution data that tells the real-time story of South Asia’s changing
climate and offer valuable guidance for climate mitigation strategies and policy development in
South Asia.

https://www.pib.gov.in/PressReleasePage.aspx?PRID=2145544

*
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A foothold in the Cosmos

THE SAFE RETURN of Group Captain
Shubhanshu Shukla from the International
Space Station as part of the Axiom-4 mission,
where he was the pilot among the four-mem-
ber crew, marks a watershed moment not just
for Indian human spaceflight, but for the en-
tire strategic arc of India's space programme.

For the first time since Rakesh Sharma
travelled on a Soviet spacecraft in 1984, an
Indian has completed a complex scientific
mission, in a journey to and from the ISS,
spending more than two weeks aboard, this
time under the banner of international part-
nership and indigenous resolve.

The successful conclusion of the Axiom-4
mission, marking another milestone in the
burgeoning era of commercial human space-
flight, resonates far beyond the confines of
Earth's orbit. For India, a nation rapidly assert-
ing its prowess in the global space arena, this
achievement offers invaluable lessons and a
powerful impetus, particularly for its ambi-
tious Gaganyaan mission and the grander vi-
sion for its future ventures in space.

Axiom-4's journey underscored several
critical advancements that are reshaping the
space landscape. It highlighted the increasing
reliability and capability of private-sector space
transportation. This mission, executed with
professionalism and a clear focus oniits objec-
tives, reinforced the growing accessibility of
the low-Earth orbit for amultitude of
from cutting-edge scientificresearch and tech-
nological demonstrations to the nascent but
rapidly expanding commercial ventures.

Many Indians were following the mission,
among them the young people in schools and
colleges across the country, who were born
long after Sharma’s heroic journey. For them,
inaddition to the importance of the Indianrole
model who achieved this rare feat, the journey
also showtcased the efficiency and necessity of
international collaboration, even in commer-
cially driven missions, where diverse expertise
works together towards shared objectives.

For India’s Gaganyaan mission, which aims
to send Indian astronauts into space onanin-
digenous vehicle, the insights gleaned from
Axiom-4 are profoundly relevant. While
ISRO’s approach is distinctly national, the
global landscape of human spaceflight is in-
creasingly collaborative and increasingly
driven by the commercial sector.

DSL - DESIDOC

Source: The Indian Express, Dt. 18 Jul 2025

Axiom-4's experience providesarichcase
study in several key areas. Of primary and crit-
ical importance is crew training and prepara-
tion. Observing how commercial astronauts
from various professional backgrounds, who
are not necessarily all career military pilots,
are rigorously trained and seamlessly inte-
grated into a complex mission profile offers
valuable perspectives. India can meticulously
refine its own astronaut selection and train-
ingmethodologies by studying these models.
Thisincludes incorporating best practices for
physiological adaptation to microgravity and
psychological conditioning forisolation. Both
simulation-based drills and real-time prob-
lem-solving scenarios can enhance the pre-
paredness of Indian “vyomnauts”.

Mission operations and logistics present
another vital area of learning. Managing a hu-
man spaceflight mission involving multiple in-
ternational partners and commercial entities,
as Axiom-4 successfully did, provides an in-
valuable blueprint for streamlining complex
operational flows. This encompasses pre-flight
preparations and launch sequences to in-or-
bit activities, rendezvous and docking proce-
dures, and the critical re-entry and recovery
phases. Understanding the intricacies of com-
munication protocols, real-time decision-mak-
ing under pressure, and robust contingency
planning, can significantly helpISRO anticipate
potential challenges and optimise its own mis-
sion control strategies for Gaganyaan.

Equally important are the areas of technol-
ogy validation and integration. While
Gaganyaan is built upon ISRO's formidable in-
digenous capabilities and decades of expert-
ise, Axiom-4's reliance on established com-
mercial launch and crew vehicles (like SpaceX's
Falcon 9 and Crew Dragon), and its focus on
specificin-orbit scientificand commercial ob-
jectives, demonstrates how new technologies
can berapidly integrated, tested,and validated
in the space environment. This could inspire
India to explore strategic partnerships for cer-
tain sub-systems or adapt specific commercial
methodologies for its own technological de-
velopment and validation processes.

Ifithasn'talready, the public visibility and
success of this mission will inspire and
strengtheninternational collaboration. As the
global space community becomes more in-
terconnected, missions like Axiom-4 highlight

*

the benefits of pooling resources, expertise,
and technological capabilities. This mission’s
success will certainly accelerate private-sector
participation,demonstrating the viability and
potential profitability, encouraging more
Indian companies to invest in space infrastruc-
ture, services,and human spaceflight support.
This could lead to a thriving ecosystem of
Indian suppliers, manufacturers, and service
providers for future missions.

The transition from short-duration mis-
sions like Gaganyaan to a continuous human
presence requires mastering complex logis-
tics, radiation protection, and psychological
support for astronauts, all areas where these
new transnational collaborations can offer
insights. Axiom Space's declared long-term
goal of building its own commercial space
station, intended to succeed the ISS, is a bold
undertaking. ISRO has already declared
India's ambitions to deploy the Bharatiya
Antariksh Mission. It plans to, perhapsin the
following decade, send Indians to the Moon,
maybe even build a base on its surface.
Observing the progress of Axiom's efforts, in-
cluding the challenges they encounter, and
the solutions they devise in developing and
integrating modules into the ISS, will provide
rare invaluable foresight for India.

In essence, the successful conclusion of
Axiom-4 is not just a triumph for commercial
spaceflight; it is a beginning for the space am-
bitions of anationsuchas India. It underscores
that human spaceflight is no longer solely the
domain of a few state-funded agencies but is
evolving into a more dynamic, collaborative,
and commercially viable enterprise. One can
only hope that these ventures will also sup-
port purely scientific projects such as the
planned ISRO missions to look for life by study-
ing the atmospheres of extra-solar planets, or
detect gravitational waves from space.

By meticulously studying its successes and
drawing pertinent lessons, India can notonly
ensure the triumphant realisation of
Gaganyaan, butalso confidently chartacourse
for an even more ambitious and impactful fu-
ture in the cosmos. The stars, it seems, are in-
creasingly within reach, and Indiais well-po-
sitioned to seize its moment.

The writer is vice-chancellor and professor of
Physics, Ashoka University. Views are personal
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IA rejoiced when
astronaut Shubhanshu
Shukla returned to
Earth after the Axiom-4

ission to the Interna-
tional Space Station. But as
he was helped into a wheel-
chair, we were reminded of
the harsh toll space travel
takes on the human body.
Microgravity turns muscles
to jelly in weeks. Just like
prolonged bed rest weakens
patients, space makes even
strong astronauts stumble
like toddlers.

Unlike skin cells, muscle
cells are not replaced; instead,
they repair themselves using
special satellite cells that patch
up tiny tears caused by move-
ment, keeping muscles strong.

When we do not move much
for a long time, such as during
bed rest, the body's signals to
repair muscles become weak-
ened. Then, muscles start
breaking down faster, lose their
strength and get tired easily. It
is similar to how a rubber band
becoemes weak if not used for
an extended period of time.
This slow weakening is identi-
cal to what occurs in diseases
like muscular dystrophy or in
old age, when muscles become
weaker. While muscular dys-
trophy is genetic and more

DSL - DESIDOC

How our space mission is studying muscle loss

Source: The Tribune, Dt. 18 Jul 2025

severe, prolonged bed rest or
ageing causes ‘muscle loss
through inactivity, poor energy
production and inflammation.
While astronauts float
through their spacecraft and
conduct daring spacewalks,
their antigravity muscles, the
very muscles that usually
fight Earth's gravity daily, go
unused. These postural mus-
cles, including calves, thighs,
back and core, work constant-
ly to maintain your posture,
whether you are standing, sit-
ting orwalking. They are your
built-in support system, with
endurance-focussed muscle
fibres designed for sustained
activity against gravity's pull.
Microgravity mimics that
brief, weightless sensation in
your stomach when an elevator
begins descending, your body
and the elevator drop together
for a split second before the
descent smoothens out. In
space, astronauts experience
this feeling continuously. Grav-
ity has not disappeared
(BEarth's pullis still at work), but
their spacecraft is in a perpetu-
al, controlled free-fall around
the planet. Like an elevator
that never stops dropping, this
endless fall creates the illusion
of weightlessness, known as
microgravity. In space, the anti-
gravity muscles do not have to
work much and they become
bed rest. That is why astro-
nauts find it challenging to
walk when they return home.
From astronauts to bedrid-
den patients to the elderly
and those with muscular dys-
trophy, maintaining muscle
strength is a constant chal-
lenge. While exercise remains

the gold standard,
researchers are now asking:
Could flavonoid-rich foods do
more than just slow muscle
wasting, might they actually
help rebuild and strengthen
muscles? Early studies hint
at this possibility, but the evi-
dence is far from conclusive.
Flavonoids are natural com-
pounds — found in foods such
as berries, apples, onions,
green tea and dark chocolate
— known for their health ben-
efits. They might help keep
skeletal muscles healthy by
acting like tiny helpers inside

your muscle cells. Flavonoids

can boost mitochondrial bio-
genesis, assisting cells to cre-
ate more mitochondria, the
"powerhouses" that produce
ATP the energy muscles need
to work. More mitochondria
mean stronger, more energetic
muscles. Plus, flavonoids act
as antioxidants, combating
harmful molecules called reac-
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tive oxygen species (ROS) that
damage muscle cells during
stress, exercise or ageing. By
neutralising ROS, flavonoids
protect muscle cells, potential-
ly keeping them stronger.
The Axiom-4 Myogenesis-
ISRO .experiment, led by
Arvind Ramanathan's group
in Bangalore, studied how
weightlessness in space affects
muscle growth and tested
whether plant-based flavonoid
nutrients could help prevent
muscle wasting. They used
special lab containers called
BioCells, like tiny high-tech
"cell homes", to grow human
muscle stem cells. These con-
tainers function like mini-labs
in space, allowing researchers
to feed the cells, alter their lig-
uid environment and preserve
samples for study. Unlike reg-
ular lab dishes, BioCells can
mimic how cells naturally
attach or float, making them
ideal for space experiments.

DSL - DESIDOC

During the Axiom-4 mission,
a set of BioCells containing
human muscle stem cells was
placed under Shukla’s care.
Over eight days in microgravi-
ty, he administered differentia-
tion media every 48 hours to
stimulate the stem cells' devel-
opment into muscle fibres.
Think of these muscle precur-
sor cells as raw clay, the differ-
entiation media acts like a pot-
ter's skilled hands, using
precise biochemical signals
such as growth factors to shape
them into functional muscle
fibres. The experiment tested
multiple flavonoid combina-
tions, different BioCell wells
received distinct cocktail for-
mulations, while control
groups received no flavonoids.

For ground-based compari-
son, Ramanathan's team main-
tained an identical set of Bio-
Cells in their inStem lab. They
repeated the experiment by
giving the same mix of nutri-
ents and flavonoids at the same
time as was done in space.
They watched how the muscle
cells grew both in the lab and
on International Space Station.

Shukla has safely returned to
Earth with the space-exposed
samples, which will be shipped
to inStem. The scientists will
compare them with the ones
grown on Earth. They will use
special methods to study them.
RNA sequencing will reveal
how microgravity impacts
genes that facilitate muscle
repair and support energy pro-
duction in cells. Proteomic pro-
filing will help track changesin
proteins that maintain muscle
strength and stimulate energy
production. High-resolution
microscopy and functional

*

assays will be be used to study
differences in cell structure,

proliferation and differentia-

tion capabilities. The Earth-
based cultures, grown identi-
cally but under normal gravity,
serve as the baseline to isolate
microgravity-specific effects.
This study aims to advance
our understanding of muscle
degradation by revealing key
molecular mechanisms and
evaluating how metabolic sup-
plements affect mitochondrial
function and muscle regenera-
tion through comparative
analysis of treated and untreat-
ed cells. The findings may lead
tonew therapeutic approaches
for sarcopenia, muscular dys-
trophy and disuse atrophy.
Space gives a unique chance
to study muscles. In micro-
gravity, astronauts lose muscle
quickly —what takes years on
Earth can occur in a few weeks
in space. This enables one to
observe howmuscle cells cease
to repair and become weak.
Earth-based simulations,
such as bed rest or laboratory
models, cannot fully replicate
space conditions, as they fail to
reproduce the unique disrup-
tion of cellular energy produc-
tion (mitochondrial function)
and repair signalling path-
ways that occurs in micrograv-
ity. By studying these process-
es In actual microgravity,
researchers gain clearer, more
reliable insights into muscle
deterioration and recovery
mechanisms, benefiting both
space medicine and terrestrial

_healthcare applications.

The blind receive sight, the
lame walk — not by miracles,
but through meticulous
science.
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