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COVID 19: DRDO’s Contribution

4y Press Information Bureau
Government of India

Ministry of Defence
Mon, 17 May 2021 2:44PM

Raksha Mantri Shri Rajnath Singh unveils first batch
of anti-COVID drug developed by DRDO and hands
over to Health Minister Dr Harsh Vardhan

2-DG medicine is a new ray of hope in fight against COVID-19, says Raksha Mantri

Terms the drug as a perfect example of country’s scientific prowess & efforts towards self-
reliance
The first batch of the adjunct COVID therapy anti-COVID drug, 2-deoxy-D-glucose (2-DG),
was released by Raksha Mantri Shri Rajnath Singh and handed over to Minister for Health &
Family Welfare, Science & Tech and Earth Sciences Dr Harsh Vardhan in New Delhi on May 17,
2021. One box each of the sachets of the drug were handed over to Director, All India Institute of
Medical Sciences (AIIMS) Dr. Randeep Guleria and Lt Gen Sunil Kant of Armed Forces Medical

Release of 1st Batch of

DRDO ANTl-COVID DRUG 2-DG

Shri RAJNATH SINGH
Hon’ble Raksha Mantri
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Services (AFMS). More will be handed over to different hospitals across the country for
emergency use. An anti-COVID-19 therapeutic application of the drug 2-deoxy-D-glucose (2-DG)
has been developed by Institute of Nuclear Medicine and Allied Sciences (INMAS), a lab of
Defence Research and Development Organisation (DRDO), along with Dr Reddy’s Laboratories
(DRL), Hyderabad.




Speaking on the occasion, the Raksha Mantri congratulated DRDO and DRL, Hyderabad for
manufacturing the drug that will help the COVID patients to reduce oxygen dependency and
recover quickly. He described the drug as a perfect example of the country’s scientific prowess and
a milestone in the efforts towards self-reliance. “2-DG drug is a new ray of hope in these
challenging times,” said Shri Rajnath Singh, expressing confidence that the medicine will play a
crucial role in winning the fight against COVID-19. He said, the development and production of
the drug is a shining example of public-private sector partnership to help the nation in these
challenging times. He further said when the situation improves, he would personally like to honour
the scientists who played a major role in the development of the drug as they deserve credit for this
achievement. i

Shri Rajnath Singh asserted that the
Government is continuously monitoring the
situation and taken effective steps to meet the
requirement of oxygen supply, medicines & ICU
beds in hospitals across the country through
collective efforts of concerned
Ministries/departments under the leadership of
Prime Minister Shri Narendra Modi. He pointed
out that the oxygen supply in the country has
been substantially increased to more than 9,500
Metric Tonnes (MT) per day from around
4,700MT at the start of May.

The Raksha Mantri commended DRDO for
setting up medical oxygen plants at various
hospitals across the country under PM Cares
Fund, besides constructing Covid hospitals, with
ICU, oxygen and ventilators, in Delhi,
Ahmedabad, Lucknow, Varanasi and
Gandhinagar. Work is in progress to set up
similar hospitals in Haldwani, Rishikesh, Jammu
and Srinagar. He also appreciated the passion of
retired AFMS doctors who have answered the
nation’s call and joined the medical fraternity in
providing medical care to the needy.

Shri Rajnath Singh underlined the important
role being played by the Armed Forces in
assisting the civil administration to tide over the
current situation. He said, the Indian Air Force
(IAF) and Indian Navy (IN) are working
tirelessly to transport oxygen tankers, containers,
concentrators and other critical medical
equipment from within the country and abroad.
He also highlighted the expansion of treatment
facilities at military hospitals which are now
being provided to civilians as well.

The Raksha  Mantri  reiterated  the
Government’s resolve to provide medical care to each and every citizen of the country, saying that
Prime Minister has directed officials to conduct door-to-door testing, equip ASHA & Anganwadi
workers with all necessary tools and provide all facilities in remote areas. He urged all stakeholders
to walk shoulder to shoulder in the country’s ongoing fight against the pandemic, expressing
confidence that the country will emerge victorious against this invisible enemy. “We will not be at




ease. We will not be tired. We will keep fighting and win against COVID-19,” he emphasized
stressed.

Shri Rajnath Singh also referred to the preparedness of the Armed Forces, saying that while they
are providing support to the civil administration in fighting the second COVID-19 wave, they have
not let their guard down.

In his address, Health Minister Dr Harsh Vardhan termed 2-DG as an important development by
DRDO and DRL, Hyderabad that will reduce the recovery time & oxygen dependency in COVID-
19 patients. He hoped that the drug will go a long way in defeating the virus in not just India but
across the globe. He congratulated DRDO and its Scientists for playing an important role in the
fight against COVID-109.

Secretary Department of Defence R&D and Chairman DRDO Dr G Satheesh Reddy expressed
confidence that the anti-COVID drug will help the patients recover from the deadly virus, hoping
that DRL, Hyderabad will take it forward and soon make the drug available for the patients. He
also thanked Raksha Mantri for his continuous guidance and support.

Joining the event virtually, Chairman, DRL Shri Kallam Satish Reddy said, “Dr. Reddy’s is glad
to have partnered with DRDO and INMAS in the development of 2-DG. This is a re-affirmation of
our company’s efforts to address COVID through a host of therapeutics and vaccine.”

Secretary (Health & Family Welfare) Dr Rajesh Bhushan and DG Health Services Dr Sunil
Kumar were also among the dignitaries who attended the event. Besides Chairman, DRL, Director,
Centre for Cellular and Molecular Biology Dr Rakesh Mishra and many doctors, hospitals & labs
across the country joined the event virtually.
https://pib.gov.in/PressReleasePage.aspx?PRID=1719304
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& #7A it ey R A SEnh qarr Awfaa
Hfas - yfaet gar i ggel @9 diew #ir 3R
FAIELT AT 31, g¥adda & &idh
Fifds-19 & f@arw asrg A 2-3)51 gar srer ) v T3 for: 4T #AA

3@l 39 gar &t dur & demAs Flerer I IeARIREr ¥F gIrEY FT vH el 3qIEIOT FATAT

W@ 7N A Ty A7 qarr 17 7§, 2021 # a5 Redt 7 Ffas F @OF werws RO
FRs-ufaet gar, 2-Asiri-SaaqPa (2-960) F1 gger d= I Far dR 39w v
TRar Feamwr, e wa die@fdr st qedt e & o gdads & @i s qar &
el § 8T UH-UF et wf@e R argfdee s (vEw) & feerE st oy e
IR waed sa RfFcar a9 (TuwTETH) F dAffcde SeRe Pl wid & ot dWiar o sw
gar & IR B R & Rffes sevaEl F MudsElE 3w F [ @y aeE sedege

3


https://pib.gov.in/PressReleasePage.aspx?PRID=1719304

I FgfFaaR ARG vz vans WEAT (FAEW), AfF W@ IFgEuE vd REw d@ared
(3ME3) A TF FAWTRAET §, §GRT 31, TAST AT (AIRTA), ¥EEE F WY AR
FfAs19 - gfoaelt gar 2-ditFd-daeaqmer (2-9N) #1 & RfFT s Refa B
T gl

Release of 1st Batch of

DRDO ANTI- COVlD DRUG
Shri RAJNATH SINGH

Doony A Ol
Hon’ble Raksha Mantri Onl‘mmz“g

Dr HAR! VAReHAN
~ Hon'ble i e e Fw

17 May 20
sthad Audito

LT T -ummlmmmnnw
il fu =EEee=— (NIE

wmwﬁwr&rmﬁ#ﬁm@sﬁaﬂrﬁm%ﬂmﬁwaﬂ#m
*mmammﬁgmﬁmwmmmmrgmmaﬁﬁ
HEg FLN 38 3T a1 F 3 F IAford Flerar FT vF 31ee’ 30T iR ImenfAIRar
e & vw e F1 g Farm A ey R A wer 29 qar sw gt wawr &
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Sfaar & Fgcaqet qfAwT e el Fo1 B 5w ANt gy F qu A Agg FAQF
T 57 gar &1 Rew 3R 3caes adefee-fosh 87 @ ¥Ee #1 UF AeR 38T B
3egla I w1 B Sw Rufawr guah, @ & e w0 § 59 @t § ReEw A7 gqw
sffwr e arer w3t defast w wEfaa wEm G =i § su et F v 4w &
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A voery fAE F SR T FET F yuensl A e AN F Aqed F TWER aemar Rufa
A RE T @ § R wEfe ARt § aake e & e @ anR &
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RfFT @ yee w7 Rfvcar Aed & @ g1y denrn g
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https://pib.gov.in/PressReleasePage.aspx?PRID=1719363

%’ Press Information Bureau
Government of India

Ministry of Defence
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Raksha Mantri Shri Rajnath Singh reviews efforts of
MoD, Armed Forces, DRDO & other Defence
organisations in fighting second COVID-19 wave

Reviews logistic support to bolster medical oxygen supply and health infrastructure in states

Raksha Mantri Shri Rajnath Singh reviewed the efforts of Ministry of Defence (MoD), the three
services, Defence Research and Development Organisation (DRDO) and other Defence
organisations in assisting the civil administration to tackle the current Covid-19 situation in the
country, through a video conference on May 17, 2021. The meeting was attended by Chief of
Defence Staff General Bipin Rawat, Defence Secretary Dr Ajay Kumar, Chief of Naval Staff
Admiral Karambir Singh, Chief of Air Staff Air Chief Marshal R K S Bhadauria, Chief of Army
Staff General M M Naravane, Secretary Department of Defence R&D and Chairman DRDO Dr G
Satheesh Reddy, Additional Secretary (Defence Production) Shri Sanjay Jaju, ADG Armed Forces
Medical Services (AFMS) and other senior officials of MoD.

The meeting focused on special covid hospitals being set up by DRDO in different states,
creation of additional hospital beds in military hospitals, supply of Pressure Swing Adsorption
(PSA) oxygen plants under PM CARES Fund and augmentation of doctors and other health
professionals to meet the current demand. DRDO ChairmanDr G Satheesh Reddy briefed that the
hospitals set up at Delhi, Lucknow, Varanasi, Ahmedabad and Patna were functional and providing
services in treating the covid patients. Similar facilities are being established in Rishikesh and
Haldwani in Uttarakhand and Jammu and Srinagar at the request of the concerned local/State/UT
authorities.

The DRDO has completed establishment of five PSA oxygen plants (four in Delhi and one in
Haryana) and work is in progress to set up 150-175 more such plants by the end of this month.

Chief of Defence Staff General Bipin Rawat acclaimed the excellent coordination among the
three Services in providing assistance to the civilian administration whether in terms of logistic
support or creation of additional health infrastructure. He added that the Army has set up health
facilities in far-flung and remote areas to aid the local civil administration.
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Chief of the Army Staff General Manoj Mukund Naravane assured that there is no let up in the
Army’s efforts in the war against COVID-19. He briefed the Raksha Mantri that military hospitals
at identified locations have set aside beds for treatment of civilian COVID patients. Capabilities at
the Base Hospital in New Delhi are also being ramped up. Additional oxygen plants, cylinders and
concentrators are being procured to bolster the medical infrastructure and oxygen supply at these
hospitals.

Chief of the Naval Staff Admiral Karambir Singh briefed Shri Rajnath Singh regarding the
logistic support being provided by the Indian Naval Ships in transporting medical oxygen
containers and other health equipment from abroad. He also mentioned the special health facilities
created in various places by the Indian Navy to cater to the treatment for civilian COVID patients.

Chief of the Air Staff Air Chief Marshal RKS Bhadauria said Indian Air Force (IAF) has
completed 990 sorties both within the country and abroad in various missions to transport oxygen
containers and other health equipment.

Defence Secretary Dr Ajay Kumar commended the assistance provided by the three Services
and added that nearly 800 doctors have been mobilised through various measures to meet the
shortage of health professionals.

Defence Public Sector Undertakings (PSUs) also pitched in with Hindustan Aeronautics Limited
(HAL) setting up a 250-bed hospital each in Lucknow and Bengaluru. Similarly, PSUs are also
engaged in setting up oxygen plants by using Corporate Social Responsibility (CSR) funds.

Raksha Mantri praised the contribution of DRDO in developing the 2-DG medicine for the
treatment of COVID patients. He added that currently the Covid-19 cases are reducing but all were
required to remain alert. He directed the three Services and other organisations of MoD to continue
with their regular work despite Covid-19 challenges.

This is the fourth review meeting held by Raksha Mantri since April 20, 2021 on the assistance
extended by MoD and other Defence organisations in the fight against second COVID-19 wave.
The first three meetings were held on 20" April, 24" April and 1%May.
https://pib.gov.in/PressReleasePage.aspx?PRID=1719357
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New anti-covid drug ""Should work against
various strains'': DRDO Chief

The Defence Research and Development Organisation aims to ramp up production of
anti-COVID drug 2-DG up to one lakh sachet per day by the first week of June

New Delhi: The Defence Research and Development Organisation's (DRDO) new anti-COVID
drug 2-DG should work against various strains of the COVID-19 virus, DRDO Chairperson Dr G
Satheesh Reddy said today. ===

"The drug 2DG developed by us should
work against the wvarious strains of the
COVID-19 virus," Dr Reddy said.

He added that the organisation was hoping
to ramp up production of the drug up to one
lakh sachet per day by the first week of June.

"From the first week of June, we are
hoping to ramp up the production of the drug
as the process to develop it takes around one
month. We are hoping to increase the number
of sachets production to one lakh per day," The first batch of anti-COVID drug 2-DG was released today.
Dr Reddy said.

The first batch of anti-COVID drug was released by Defence Minister Rajnath Singh and union
health minister Harsh VVardhan today.

Earlier, the Chairperson had informed that the first batch of anti-COVID drug would only be
available only to AIIMS, Armed Forces Hospitals, DRDO hospitals and other places in need. It
will be made available to other hospitals in June.

India on Monday reported 2,81,386 new COVID-19 cases, 3,78,741 discharges and 4,106 deaths
in the last 24 hours, as per Union Health Ministry.

The total cases in the country stand at 2,49,65,463, including 2,11,74,076 recoveries and
2,74,390 reported deaths. There are currently 35,16,997 active cases.

https://www.ndtv.com/india-news/new-anti-covid-drug-should-work-against-various-strains-drdo-
chairperson-2443516
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Govt. releases DRDO’s COVID
drug for emergency use

Developed with DRL, it reduces oxygen-dependence in patients

New Delhi: The first batch of the adjunct COVID therapy drug, 2-deoxy-D-glucose (2-DG) —
developed by the Defence Research and Development Organisation (DRDO) along with Dr
Reddy’s Laboratories (DRL), Hyderabad — was on Monday released for emergency use. Defence
Minister Rajnath Singh formally handed over the drug to Health Minister Dr Harsh Vardhan.

“One box each of the sachets of the drug were handed over to Dr. Randeep Guleria, Director All
India Institute of Medical Sciences (AIIMS) and Lt. Gen. Sunil Kant of Armed Forces Medical
Services (AFMS). More will be handed over to different hospitals across the country for
emergency use,” a Defence Ministry statement said. > o :

An anti-COVID-19 therapeutic application of the
drug 2-DG has been developed by Institute of
Nuclear Medicine and Allied Sciences (INMAS), a
DRDO lab along with DRL.

DRL will increase the production of the drug
which is expected to be made available to all
hospitals by the first week of June, said K. Satish
Reddy, Chairman DRL.

The drug is a good example of DRDO and private Defence Minister Rajnath Singh hands over the first
partnership, which will help patients in overcoming batch of 2-DGha\r}ti dCr?vid _dnlj\? to [t)hlehpnionMHeaitYh
oxygen dependency by around 40%, Mr. Singh said, Minister Harsh Vardhan, in New Delhi on May 17,
spgz?king aF'z the eve?/nt.yDr. Harsh Vardhan sai% 2-0G %t Photo: Twitter/@rajnathsingh
was the first therapeutic drug for COVID which India has developed indigenously.

Clinical trial results have shown that this molecule helps in faster recovery of hospitalised
patients and reduces supplemental oxygen dependence, DRDO has said earlier adding, “Higher
proportion of patients treated with 2-DG showed RT-PCR negative conversion in COVID
patients.”

“Scientists have been working on the molecule for long and over the last one year clinical trials

were conducted extensively in various hospitals across the country,” said Dr. G. Satheesh Reddy,
Chairman DRDO.

On May 1, the Drugs Controller General of India (DCGI) granted permission for emergency use
of this drug as adjunct therapy in moderate to severe COVID-19 patients, the DRDO announced
last week.

Phase-11 clinical trial of 2-DG in COVID-19 patients was approved by DCGI in May 2020 and
Phase-11l clinical trials were permitted in November 2020. The Phase-Ill clinical trial was
conducted on 220 patients between December 2020 to March 2021 at 27 COVID hospitals in
Delhi, Uttar Pradesh, West Bengal, Gujarat, Rajasthan, Maharashtra, Andhra Pradesh, Telangana,
Karnataka and Tamil Nadu, DRDO had stated.
https://www.thehindu.com/news/national/govt-releases-drdos-covid-drug-for-emergency-
use/article34579529.ece
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HIfas AN Y a1 2 DG AR, &I 7A=Y
T AT F TarT- '3FAE T fhor

FRIAT FFAT 7T ¥ [T @ HogeenT T fAFRT G5 (DRDO) #r 7% &ar
2 DG (2-deoxy-D-glucose) ¥ Ygelt @T & dga 10 gaiR det Tema7 T RE
T FT TareeT 7 g¥atfa & e e T &
By Monika Minal

a3 el R wFfa 7let & v @ sgaue 7 @F ™ w@red (DRDO) # @ gar 2
DG (2-deoxy-D-glucose) &Y Ugell @9 & dgd 10 IR 3o WIHAR 1 IE@THAT Ty R
(Defence Minister Rajnath Singh) ¥ $&I Fareey N
et A diew fhan e Td F 1 1 AF 2021 *
DCGl & 3R ¥ FHH AP 39T H1 HqAfa A
TS| UIBST & T A W ST A TH J&A (sachet) H Raw
ST Y g F SYART AT gRNI AE HHAT PIAFET
W A TRRE A qef F AFa § FaH

5-7 f&at A< gt Y 811, DRDO Y@ A &I SAHRT

DRDO w#@ Sfl. &dler W& & 5@ gar : oA it
UfFaT aar$| 36l Fel, '9g GaT FRT aRRE A THAT FRFEH @ dur FE7 FE0 1]
1 57ga RAEed &5 Fn AR AT Fedt F gem 3@ A F aew AR sE F
Rrafoares & 3R | F7 @ F7 5-7 BT gag-aer 2 s A ¥1' 38l 75 oft qamn
3rsft wearg # 10,000 F A G FA UGS RN AT AlIMS, AFMS 3R DRDO 3reqarat
# & W EI 9 T Y o3rerer wXor A & oIt i & ¥ S ¥ wwe v @ waft Foret
9T 2DG &aT 39y gl

danfast $r wEer

Refler & Al o 8w &0 o gor A 3FAlg i BFor qamn, el @er, ol g AREa
A A e Ad § 3R T @ g R gwd fr TR § FF IF wave gEH IR ¢ §,
IR I ot 3w AN F To ARTa adt ¥ &F @ gakar F WY FEH I qo g’ @
# A FET, TH T B NN F K B danfast i qeT gqffwr § A 37 3w gat @
AT HTAT Aeml A gar men AR 3FHg A v AF Ror AT A &, ¥ gar gAR AW
¥ dafawl Y arar Y TF AATT B’ 3R AT FE, ‘edle WedTS, &dr, WFHY a5 T
FrRNfAE ST A cgaedr F gAG F1O AR ¥ r 71 s9F v aEfes v e
a7 fSasr Reree dgav 2l

Tem #7A A FE, HT dF gF T&W a7 #H NIERT 3R uEde aEewRw i a9 Fa A
TS o & AFer H M NIRAN 3k drgde Foer 1 IERRAT F1 33471 36T IRUH @
T AR ¢ Tga A B @ R
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8T #7R A & gar fr FEAER

39 @§ qar & fav I&w #N & FE1, FH FAr 74 F DRDO F 6 &A1 ¥ WHWE 3UAR
1 goa F o e Sredt 8% ge ¥y @ e W Asar s K09 40 Frag FA @
g BN & dR W AT 57 gar F71 sTdATT ORS "l i I SHST 81 3T ¥ fwar
ST WHIM|' T&T FN F 39 FOUT F 3Hd § TaQ RAAF F17 F AT AT | 3Igia FeT,
'3g Y A F FfFATAT arEY F Ig A, 93 ¥ 93 el BT JHAT I Fhal, 39A R[ordt
8w, AT A g faearw B

/T 7A F FEET A W F G FT A Tdlie H 5@ IR A TESR & TE| q9=GT IAT
& e gag 10.30 s AR FewAwr F IRT &TW FN A 3T F 37 gar A ggelt AT I
#r seeft| 3@ a1 F DRDO #r ey aAfHa swdicge vz rams wEds (INMAS) a
siFeY BN o F Ty Ao RAefaa B §1

SiFeT IAd ARG e AT DRDO danfast & fFar RwfAa

Id YHAR H DRDO AR A 3N & TCAHE F 50 a0 A Fawy § 7§ & &
3T W 2DG &ar #1000 EIF ATl ggelt W9 AR F & Jwah i @ Ffas Ade
F1 AT ST §&Hml DRDO & IRwREt & I sft admm, ‘car @A 3mr s aaAe & Qv
IcUTee T IFHRAT AT FXA W FTH FT @ 8l 59 a1 F I F SiFed 3eid ARG ST
(Dr Anant Narayan Bhatt) ¥&d DRDO daifa® &1 Aeree 81' 39 gar &1 FafAed e
T T ST IR GERICHS T €1 59 TR H 4T gdl F 3eudara F odf #det &
Al § T B F T AlfFgT g Fa § IR FfaRea sifwdise o ear &1 wa Fxar
gl FEeE F @ae ARAt F Qv guees a3g #AA & 3me W DRDO & 39 &ar &
e &1 haar =T g

6,11 3R 27 3rFqarel # g§ T

AFANT #1 Ugall deT & R 3 2020 & INMAS-DRDO d=7nfasi o ey CCMB
(Centre for Cellular and Molecular Biology), ¥erdig #T #igg & F1& & forar ik asft gar
TaT & ¥ mfdsgea SARS-CoV-2 aRRE T IWER § IR 30+ gef # IFa & warwA ¢
g1 9ROMAT & YR W DCGI & A, 2020 & 8¢ & 2 Fafawa g 1 aqafa g
&N @ T FT A o ¥ 7% & g d& g1 3R WA Fhr 3= Reree ama
T 6 TG P & R{EE § Tar =™ ggel aR A 6 T qEA IR F U F 11
HETArl F FaX FAT AT FEH 110 AQST Fr FE g@r & 7 3R FHF IWER IRUH
HHA 3MTI FH @A §C DCGI A fey Fefaser grer &1 st seqafa ¢ & S 220 &=l |
fay 2020 & AR 2021 d% 27 ITqaral & AT aAm ¥ 3gdrer Ree, 39 wew, afRww
TS, TSI, TSTEATA, HERISE, I TR, Aelanaqt, Felled AR afferang & &

https://www.jagran.com/news/national-rajnath-singh-to-release-first-batch-of-drdo-2dg-medicine-for-
treating-covid19-patients-today-21650928.html
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Explained: How does 2-DG, DRDO’s
new oral drug for Covid-19, work?

The national drug regulator, Drugs Controller General of India (DCGI), had
cleared the formulation on May 1 for emergency use as an adjunct therapy in
moderate to severe Covid-19 patients

New Delhi: Defence Minister Rajnath Singh and Health Minister Dr Harsh VVardhan on Monday
(May 17) released the first batch of the indigenously developed anti-Covid-19 drug, 2-deoxy-D-
glucose or ‘2-DG’.

The national drug regulator, Drugs
Controller General of India (DCGI), had
cleared the formulation on May 1 for
emergency use as an adjunct therapy in
moderate to severe Covid-19 patients.

The formulation

2-DG has been developed by the
Institute of Nuclear Medicine and Allied | o
Sciences (INMAS), New Delhi, a lab of (OH —OH
the Defence Research and Development HO
Organisation (DRDO), in collaboration
with Hyderabad-based Pharma Company pcci approves anti-COVID drug developed by DRDO for
Dr Reddy’s Laboratories (DRL), the emergency use. (PTIPhoto)

Ministry of Defence had said in a release earlier this month.

How it works

According to the government release, clinical trial data show that the molecule helps in faster
recovery of patients hospitalised with Covid-19, and reduces their dependence on supplemental
oxygen.

The drug accumulates in virus-infected cells, and prevents the growth of the virus by stopping
viral synthesis and energy production. Its selective accumulation in virally-infected cells makes
this drug unique, the release said.

“The drug will be of immense benefit to the people suffering from Covid-19,” it said.

Clinical trials

During the first wave of the pandemic in April 2020, laboratory experiments carried out by
scientists of INMAS-DRDO in collaboration with the Centre for Cellular and Molecular Biology
(CCMB), Hyderabad, found that this molecule works effectively against SARS-CoV-2, the
coronavirus that causes the Covid-19 disease, and inhibits viral growth.

In May 2020, the Central Drugs Standard Control Organization (CDSCO) of the DCGI
permitted phase 2 clinical trials of 2-DG in Covid-19 patients.

DRDO and its industry partner, DRL, conducted phase 2 trials on 110 patients between May and
October last year, the government said. Phase 2a was conducted in six hospitals, and phase 2b
(dose ranging) was conducted at 11 hospitals across the country.

On the basis of successful phase 2 clinical trials data, DCGI permitted phase 3 clinical trials in
November 2020. Between December 2020 and March 2021, late stage trials were carried out on
220 patients admitted to 27 Covid hospitals in Delhi, Uttar Pradesh, West Bengal, Gujarat,
Rajasthan, Maharashtra, Andhra Pradesh, Telangana, Karnataka and Tamil Nadu, the government
said.

HEALTH

s1dq v A 438 &1 dean ?
Stops SARS-CoV-2 Replication
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Trial data

The phase 2 clinical trials were carried out to test the safety and efficacy of the drug in Covid-19
patients. 2-DG was found to be safe in Covid-19 patients, and showed significant improvement in
their recovery, the government release said.

In efficacy trends, “the patients treated with 2-DG showed faster symptomatic cure than
Standard of Care (SoC) on various endpoints”, the release said.

“A significantly favourable trend (2.5 days difference) was seen in terms of the median time to
achieving normalisation of specific vital signs parameters when compared to SoC.”

Data from the phase 3 clinical trial showed that in the 2-DG arm, a “significantly higher
proportion of patients improved symptomatically and became free from supplemental oxygen
dependence (42% vs 31%) by Day 3 in comparison to SoC, indicating an early relief from oxygen
therapy/dependence”, the government said.

A similar trend was observed in patients aged more than 65 years.

Advantages

According to the government, 2-DG being a generic molecule and an analogue of glucose, it can
be easily produced and made available in large quantities.

The drug is available in powder form in a sachet, and can be taken orally after dissolving in
water.
https://indianexpress.com/article/explained/drdos-new-oral-drug-2-dg-coronavirus-7318447/

THE TIMES OF INDIA
Tue, 18 May 2021

DRDO's 2-DG anti-Covid drug: All you need to know

New Delhi: Defence Minister Rajnath Singh and Union Health Minister Dr Harsh Vardhan on
Monday released the first batch of anti-COVID drug 2-deoxy-D-glucose (2-DG) developed by the
Defence Research and Development Organisation (DRDO).

The anti-Covid therapeutic application of the
drug has been developed by the Institute of
Nuclear Medicine and Allied Sciences (INMAS),
a leading laboratory of the DRDO, in
collaboration with Dr Reddy's Laboratories
(DRL) in Hyderabad.

Earlier this month, the Drugs Controller
General of India (DGCI) has approved the oral
drug for emergency use as an adjunct therapy in
moderate to severe coronavirus patients. The —
approval of the drug has come at a time when f%ﬁ?fr!]eargﬁgﬁyejsj”t"cov'[) drug developed by DRDO
India is grappling with a record-breaking wave of
the coronavirus pandemic that has stretched the country's healthcare infrastructure to its limit.

DRDO chairman Dr G Satheesh Reddy said that DRDO and Dr Reddy's lab had gone through
the complete trials and conducted trials across 30 hospitals and on a large number of patients.

The drug comes in powder form in a sachet, which is taken orally by dissolving it in water. It
accumulates in the virus-infected cells and prevents virus growth by stopping viral synthesis and
energy production. Its selective accumulation in virally infected cells makes this drug unique.

Clinical trial results have shown that this drug helps in faster recovery of hospitalised patients
and reduces supplemental oxygen dependence. Higher proportion of patients treated with 2-DG
showed RT-PCR negative conversion in Covid patients.
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In April 2020, during the first wave of the pandemic, INMAS-DRDO scientists conducted
laboratory experiments with the help of Centre for Cellular and Molecular Biology (CCMB),
Hyderabad, and found that this molecule works effectively against SARS-CoV-2 virus and inhibits
the viral growth.

It said based on these results, the Drugs Controller & Central Drugs Standard Control
Organisation (CDSCO) permitted Phase-11 clinical trial of 2- DG in Covid-19 patients in May
2020.

The DRDO, along with its industry partner DRL, Hyderabad, started the clinical trials to test the
safety and efficacy of the drug in Covid-19 patients.

In Phase-I1 trials (including dose ranging) conducted during May-October 2020, the drug was
found to be safe in Covid patients and showed significant improvement in their recovery, the
ministry statement said adding, Phase-1l was conducted in six hospitals and Phase Ilb (dose
ranging) clinical trial was conducted at 11 hospitals all over the country.

In efficacy trends, the patients treated with 2-DG showed faster symptomatic cure than Standard
of Care (SoC) on various endpoints. A significantly favourable trend (2.5 days difference) was
seen in terms of the median time to achieving normalisation of specific vital signs parameters when
compared to SoC.

In November 2020, Phase-3 trials were approved and went on from December to April. On May
1, the drug was approved for emergency use. Dr Reddy’s Labs is engaged in its production.

Based on successful results, DCGI further permitted the Phase-IlIl clinical trials in November
2020. The Phase-I11 clinical trial was conducted on 220 patients between December 2020 to March
2021 at 27 Covid hospitals in Delhi, Uttar Pradesh, West Bengal, Gujarat, Rajasthan, Maharashtra,
Andhra Pradesh, Telangana, Karnataka and Tamil Nadu. The detailed data of phase-I11 clinical trial
was presented to DCGI. In 2-DG arm, significantly higher proportion of patients improved
symptomatically and became free from supplemental oxygen dependence (42% vs 31%) by Day-3
in comparison to SoC, indicating an early relief from Oxygen therapy/dependence.

On May 01, 2021, DCGI granted permission for Emergency Use of this drug as adjunct therapy
in moderate to severe Covid-19 patients.

https://timesofindia.indiatimes.com/india/drdos-2-dg-anti-covid-drug-all-you-need-to-
know/articleshow/82701791.cms
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DRDO &Y vél %ifas gar & geam Readl e,
HH gl AT qX e g¥ads

% Redr: FdT Ty AN giada F @FaR F FE F S REET an el Fifs-
19 et gar 2-difFd-dagqae (2-960) FRT AT F RFad asa AR st
fAIRaT A F7 FA # AR wiifaa g

3 Al WS qJFd TWRLY AN A Fer R
BIEI F Fue F 3R 8w 7 Iy [ F
A # T PR g 2260 @ gedr w@eh
Rad amRa Fifas gar ghefhl a8 Read ag# 3ik
e 9 fsiRar & 7 FE0 0 !

war & & e #E qeery R AR 9w @l g¥add A @ sqwue v R
ST (AHE3) A WX T AFERAT A =i FARs-19 e gar 2-HN A gge A7 AHAR
H1 AR A

FAS-19 & FALTH F&T0r arek AT R Faror are FAS W 2-AAFA-S-IgEe (2-36h)
qaT F IUTdSTele SEAATT H ARd & e sgfaaas (Sdiems) i 3k & #@h B
TH B

W T W I Hidod e & oy Rg o Fa1 & I8 a1 #:1f9s-19 a0« &
3raR & fav sds A fBRor @ 1 g §1 3R w1, IF U F Iwfaw wherer F A
3STeOT 81’

T8 FN F FT F I8 AT IFA A ARH WA F7T A § FAF 50 AEHAR F TTET A
AT Fo 3t ARRaa SRy @t ¥

ANRE3T A 3T F AN 30 FEHA A Iogiel Fgl, FH o al I&alT ¢ 3 a7 & I_H
AT ¢l FfF 7€ a6 q@d a1 3§ ¥ IR W AW Fo ARad Jmwd adt ¥ o Tga
FAUT § HEH A qor=T g1

3egie Fer F =g stFdister 1 gt @1 ATwem & @1 IndHY Rt o @ e F
TRage & fav wrREfa® SR # sTeeudr gRARTT F& A1 a1d &, WHR F 7 Fufa #r
g HRar ¥ fo=m g

J&T HATAT o 316 AS A TF 94 # &gl 41 & 2-difedt-f-ae@ar (2-360) F Flfaswa
qd8Tor F ga1 gaT § F 99 3uae & adt A fr e W AeRar B F9 A A
Agg fAadt 81 @1y & 39 qar ¥ A9 S &% §

3 cal B ¥ AT H A AN ¢ o7 oRa - 19 e g agw F e § ¢
3R er & T T W SHHT IS IAT UST &
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Ffas-19 U 50 gar A NIREET A ol g ARF T gur Feey e
TEYTT (FAAT) o §eIEIg & Siaed g3 AR & g Aaay [Aefa @R g1
Ig a7 TF JA F BT & T # 3qarey @9 0 g & ey #det &1 dar g

https://hindi.theprint.in/india/anit-covid-drug-by-drdo-2dg-will-reduce-recovery-time-and-oxygen-
dependency-health-minister-harshvardhan-says/217103/

Tue, 18 May 2021

2DG Medicine Launch: e & STa &) 3 o919 FIRAT )X
IR, 31T, WSS SHacH, FAC.. $H GATH IR # §9 F6 F1\C

DRDO 2DG Anti Covid Drug: #RIAT arve & @t dRvew & f@dars wver
39 gar # Bow Ry U5 Rdaydc sidargareeT (3R 7 R#AaT @ &
g N #H arRT Ft d@a & AT &
By Deepak Verma
HRd FAT g & wrfawier RE® & FaX a9 ¢ SARS-Cov-2 & fAw gar amr g 21

2-deoxy-D-glucose et 2816t AT & 50 VA-FRAT 37 A NIRAN & dafAst F Fomar i

8T #7R ey R IR gEram A6 gdade A

9 &aT &1 9gaT a9 (10,000 stT) ofew famam)

St FEE ganat F FRS-19 W IHW F AR |

ffoe @@ @ & REd 9@ @, R 20G a7 |

ggell gar ¢ O &-AfaE g Fer a1 W@ P

ST 6F IR H FaFS A B
2DG: fFaar aoI1T, FiT FIM 3TUGA?

o 28N #r BhE R 03 RBaagdc ARPEEAAT 206 Medicine Launch: efiv & s &1 & wraraf
(DRDO) % §Reeqe 3iie agfFaay AffAe §g U1 0 a0 S5, #5s ghecd, FFrd.. 6 aa1 &
FoTss WEAS (NMAS) & Rsfya Rear &) 00 cogo T
U Pt Rya s e daled (DRL) & Rudd &1 st avresr §1 DRL & 3
SaT & T 39 a1 FY I I§ AT UF UBS F T H IqAGY gt

- Rod @@ 9 5Ra & FMAS-19 Hr ggell 7@ A geand g of, @ & INMAS &
defasl F FHIT FH Y F AT A1l 7 2020 F 3T FAR FeRer H6 AT (DCGI)
X 3 gaT F FfIs AdSAT W $T 2 e A 7Y & I I§ AT IJFHEH aF qA|

e TAT A FH AT % g1 FfaE AdE F @T A% ¥ 3R Raead & off #Agg Fd &
el & 91 DCGl & ddeX 2020 # &ar 3 gl A A I M@K g 31 F
YR WX 9 #E 2021 H DCGI & 3 AT F ATATAHIGIA SHAATT H1 FLr & A
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#F1fds-19 & @aTw FJ FH FC § 2DG?

o« 290 srwer & 23N o1 F vw aRaEfda w9 ¢ O TR, AT FiREEt #1 sarer @ar
¥l Traer F war gem F 2DG FAE #dSt F sarer ¥ @ FOR ¥ @, gifuea F A
St i sHifFaser W ARar # ot Fa F §

o Tl 39 a1 F AFs ABRT H e IF F& A WAAT § 7 ¥ 7= 77 IIAD
ARRT & ¥ F gz A A TE AT FH FE qF AP AW §, FAIR AR AGT
¥l aRE R # ugad @ e Ffer FAE g% AT ¥, 39 v 3@ awa aRe
gt ¥ Y EEe F et ¥

o S99 I§ gar & e A aRRE I AN TATArr F A9 AR I A FH Srean| Fqchen
T Qo F aRRE AU Frdlsr AT TAT I AT IFHT AT IF AT
HIT g &aT HIfAs-19 & g aRve Fr A7
INMAS & sraet st sifadr sm & qar, 2860 et Fid a9 arer a—Rd # &q

T Adl 1 I aRRE FT FF Y INTe @, I/ G f FTWT ar @9 & 3k A & a7

el @ e & fAv 3 §gem, I gar 38 war A9

st. s & Farfaw, I gar ax & ame JifFwee #r BAE 93 T T FAF Iy ash @
ALY 8ot 91T §1 UF aR qg IHhaT 36 1§ aY ifFasrs 1 dHe Ht @an g s

2DG: 3 4T g7 FrAd Far @ 71 §7?

INMAS & dwnfas 8. U T & FAaas, IF aa1 0F JY & & F 39aqy o SF
3T ORS & Uit # e} NI & 34 & =0 ot o=l & e o T el a1 5 7@
cRAAFI IR AN gl AR 19O AN A P o dw g F AT 5 F 7 BT aF a%
gar &t 93 wehdl Bl

Fod F AF 3l Fo AE Fer T | ST oo F AR, W IR A F$ hwenw =
W AR & Fi FEfF SAE IF IO FE F ogar FwEdr @, sEe q@e @
STeanT| @El F FAfaw, vE A F HAd 500 F 600 THX F 1T g wHhT

2DG EaT &9 ATTN? FAT F§ AZS shdved Y §2

g a1 17 7S & g g & A a1 F AT 3uaey &) 7§ T SWH SIS Jeit
ST ST T@T § A1feh S[arer § S[arer A dh $HHT IET @ Tl

AES $HFHCH & TR A [ W 1. TG F &gl & g F N, a3 R Ad=it
F1 g gar &1 7| Tl AOS P FW q@T F FEr @ g, R W A ufage g @ A
Tt AT 3aF FaaF, Ig FeT o ha1 ¢ F 5H @1 FT FE W3T $HFC A o

https://navbharattimes.indiatimes.com/india/drdo-2dg-anti-covid-medicine-price-dosage-availability-all-
you-need-to-know/articleshow/82697510.cms?story=1
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DRDOQO'’s anti-Covid drug 2-DG to
be available at hospitals from June

DRL to manufacture oral drug, which reduces oxygen dependency in patients
By Ajai Shukla

New Delhi: Defence Minister Rajnath Singh on Monday released the first batch of a keenly
awaited anti-Covid-19 drug called 2-deoxy-D-glucose (2-DG). It has been developed by the
Defence Research and Development Organisation (DRDO) in partnership with Hyderabad-based
private firm Dr Reddy’s Laboratories (DRL).

The new drug is not a vaccination, or a preventive
measure against being infected by coronavirus. Rather,
the 2-DG molecule hastens the recovery of patients
who are already suffering from the disease and are, in
most cases, facing severe oxygen dependency. The
drug is dispensed in powder form in a sachet, and taken
orally after being dissolved in water.

Rajnath Singh handed over the first batch of the
drug in Delhi to the Minister for Health & Family
Welfare, Science & Technology and Earth Sciences, Union Defence Minister Rajnath Singh hands over
Harsh Vardhan. to Health Minister Harsrjw Vardhfgn the newly

DRL Chairman Kallam Satish Reddy said his launched anti-Covid drug 2DG, developed by
company would “increase the production capacity of PRPOonMonday.Photo: PTI
the drug, which is expected to be made available to all hospitals by the first week of June,” stated a
Ministry of Defence (MoD) release on Monday. Randeep Guleria, director at All India Institute of
Medical Sciences (AIIMS), and Lt Gen Sunil Kant of Armed Forces Medical Services (AFMS)
were also handed over a box of the drug each.

“More will be handed over to different hospitals across the country for emergency use,” the
MoD said. The so-called “anti-Covid-19 therapeutic application”, which would help patients to
reduce oxygen dependency and spend less time in hospital, has been developed by the DRDO
laboratory, the Institute of Nuclear Medicine and Allied Sciences (INMAS).

Speaking at the release, the defence minister congratulated DRDO and Dr Reddy’s Laboratory
for manufacturing the drug. “2-DG drug is a new ray of hope in these challenging times,” he said.

Harsh Vardhan, speaking on the occasion, termed 2-DG an important development that would
reduce the recovery time and oxygen dependency in Covid-19 patients. He hoped that the drug
would defeat the virus, not just in India but across the globe. The Drugs Controller General of India
had granted permission on May 1 for emergency use of this drug as “adjunct therapy in moderate
to severe Covid-19 patients.”

Rajnath Singh said “the development and production of the drug is a shining example of public-
private sector partnership in these challenging times.”

The defence minister further said that, when the situation improves, he would personally like to
honour the scientists who played a major role in the development of the drug.

Rajnath Singh, who has overseen the military’s vigorous response to the second wave of the
Covid-19 pandemic, said the government had taken effective steps to provide oxygen, medicines
and intensive care unit (ICU) beds in hospitals across the country.

He said country-wide oxygen supply had been substantially increased to more than 9,500 metric
tonnes (mt) per day, from around 4,700 mt at the beginning of May.

r
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The defence minister commended the DRDO for setting up medical oxygen plants in hospitals
across the country under the PM-CARES Fund. He also praised the DRDO for setting up Covid-19
hospitals, equipped with oxygen, ventilators and ICUs, in Delhi, Ahmedabad, Lucknow, Varanasi
and Gandhinagar. Similar hospitals are being set up in Haldwani, Rishikesh, Jammu and Srinagar.

Rajnath Singh also appreciated the passion of retired armed forces doctors who responded to the
MoD’s call and re-joined service to provide medical care.

He praised the air force and the navy for working tirelessly to transport oxygen tankers,
containers, concentrators and other critical medical equipment from abroad and within the country.
He highlighted the expansion of Covid-19 treatment facilities at military hospitals which are now
being availed by civilians as well.

The defence minister praised the operational orientation of the armed forces, which he said
remained alert on the borders even while supporting the civil administration in fighting the second
wave.
https://www.business-standard.com/article/current-affairs/drdo-s-anti-covid-drug-2-dg-to-be-available-at-
hospitals-from-june-121051800074_1.html

THE TIMES OF INDIA

Tue, 18 May 2021

Govt places order for DRDO drug

Jaipur: As the Government of India launched anti-Covid drug 2-deoxy-D-glucose (2-DG),
developed by DRDO in collaboration with Dr Reddy’s Lab, on Monday, the state-run agency
Rajasthan Medical Services Corporation Limited (RMSCL) placed an order to purchase 10,000
sachets of the drugs from Dr Reddy’s Lab, said an official.

The anti-Covid-19 therapeutic application of 2-DG has been developed by Institute of Nuclear
Medicine and Allied Sciences (INMAS), a lab of DRDO, along with Dr Reddy’s Laboratories
(DRL), Hyderabad.

Meanwhile, the National Health Mission (NHM) has also floated an expression of interest (EOI)
for the procurement of medical oxygen generation plants (mobile). EOI has been invited from
private entities, government-owned entity/manufacturer/authorised dealer/suppliers for supply,
testing and commissioning of mobile PSA oxygen generation plants through rate contract for a
period of six months. Bidders have to submit their proposals at md-nhm-rj@gov.in by May 21.

Health minister Raghu Sharma had earlier written to Union health minister Harsh Vardhan and
demanded 50,000 vials of liposomal amphotericin B for the state.
https://timesofindia.indiatimes.com/city/jaipur/govt-places-order-for-drdo-drug/articleshow/82720330.cms
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HRAT & F@ATE CM 2190 &1 g1 Hae,
IfAFINEGY & &A1 2DG &ar A= 1 A er

FEgHA A sfcg=rr 3 @t sfhFRar wt [Ader A & B e &
#TT §8 DRDO @I 2DG 3a78 9a% & &l & faw #amg sl

e DRDO #) gar 2DG &) #ama ¥ v 3rewr) & [der
o Zi IfRcTATr 7 DRDO #) A9 gar &1 dav R [Ader
AGAF: IS F HEIHA AN MREIY TR 1 & Remws 73 3k a3 $aa @
@ ¥l Yy # 3UF FFRIeHS gRom st Raa [ Q\
& gl :
T # FR A qEd a Fo A g Rw
W@ B g # 17 alEm & Fgr] dlhssA 24 dF
T e 19| TS 91 I 2DG &I & EEY H
el anfecaey A eeR At fam d
e Il w1 DRDO &Y gar 2DG & At & AT IHAt w [er
AEgHR Aft acary & welt R Y fder R ¥ fF amer & @iw g§ DRDO #
2DG &a1§ 9 & AN & Qv #Hamg Sw)
T Ty R 3R Fareew &7+ 7 gdade ¥ 36 gar$ & SF<ar & d@farl DRDO &1
graT § & ¥ ga1$ SR @ a5 & A fi Agg e AR 3@ Reay w9 & dggs gei
e el anfecwsTy & DRDO &Y &R gar & oY faar Ader
o Al A FEWRT FY T R § & T g@r Y AT 9T FF BN AFS A I F aifw
Fg WHR GAT W qa§ A 9Acd S SRYSA F1 AT FH| Fg SR g@RT DRDO H
e qar 2DG # suTAFET WA Fr At A T
& A A WHR & TR F & 2DG F1 fAawor ghfh gft & gt gakeaa s & faw
HEEIN FT AT 9T fister & Ader doar Ao aF & R=w g
YA @ FRAT H IFAR
3 YU H I’ PRIAT IR HT RFady ¥ e ooreer 90 gfAerd &Y € &1 59 9T &
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¢ Al s g § 38 aral Y &A1 23445 A wdw H id 24 g H FREw
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https://zeenews.india.com/hindi/zee-hindustan/national/cm-yogi-ordered-to-officer-for-anti-covid-2dg-
medicine-up-government/902414
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Greater Kashmir

Tue, 18 May 2021
Director Health Services interacts with DRDO team

Hails role of engineers, executing agencies
Director Health Services Kashmir Dr Mushtaq Ahmad Rather on Monday visited the site of the
upcoming Covid-19 hospital at Khonmoh and interacted with a team of officers from DRDO and

officers of various executing agencies.
R ‘

A spokesperson of Directorate of Health Services
Kashmir said that the director visited the upcoming
Covid hospital which would be having 500 bed
capacity and would be completed in the shortest period
of time.

“Director Health service Kashmir interacted with a
team of officers from DRDO and officers of various
executing agencies while reviewing the status of a 500
bedded hospital which would be having 125 ICU beds.
The Covid Care Hospital is under construction at Khonmoh Srinagar,” the spokesperson said.

He said that the hospital is expected to start functioning in the 1st week of June with the support
of Directorate of Health Services Kashmir and DRDO.

The director emphasized on timely completion of remaining work and assured all support to the
team. He said that the hospital would be completed in the shortest period of time. The director held
an interaction and appreciated the role of engineers of DRDO lead by Anil Khurana, CCE estates
North Chandigarh, Brijesh Kumar Maurya, Estate Manager, Zubair Ali, Scientist ‘E’, Syed
AlfarDaniyal, Scientist ‘E, Amit Rai, Scientist ‘D’, PankajPatil, T. O —B, Vikas Panda, To-do and
Sanjay Kumar, TO-A.

The director hailed the role of engineers and other executive agencies in the construction of the
hospital.

The spokesman said once the hospital is ready it would be a big boost for the management of
Covid management in Kashmir division and a great service to the people.
https://www.greaterkashmir.com/news/srinagar/director-health-services-interacts-with-drdo-team/
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DRDO on Twitter

Rajnath Singh € @rajnathsingh - 16h
Handed over the first batch of 2-DG anti Covid drug to the Union Health
Minister @drharshvardhan after it was released today.

This 2-DG drug developed by @DRDO _India & DRL is a perfect example of
India’s scientific prowess and a milestone in the efforts towards seif-reliance.

T r— - — e —— ———
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Rajnath Singh £ @rajnathsingh - 16h
The medicine will play a crucial role in winning the fight against COVID-19.
The development and production of the drug is a shining example of

public-private sector partnership to help the nation in these challenging
times.

Rajnath Singh & @rajnathsingh - 16h
When the situation improves, [ would personally like to felicitate the

scientists who played a major role in the development of the drug as they
deserve credit for this wonderful achievement.

Rajnath Singh € @rajnathsingh - 19h
¥ The first batch of anti Covid-19 drug, 2-DG is being released. Sharing my

thoughts on the occasion.
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T 73 FETEA/ RMO India € @DefenceMinindia - 19h

mmm%ﬁaﬁﬁﬁﬁﬁaﬂaﬂ?mmﬁmmmm
§oo & Geex # off SRS 3R uIsde deel Fr yreR AT FT a1 3T
RO & X A Atk agd Wil &1 16T &: Tam AT

T&TT 73t FRATEA/ RMO India € @DefenceMinindia - 19h

HST ST I, Tob 5ok YA & WA ITER hl 3198 ofler &5 e stodl
&I 5U B | 9T &1 HidHT=1= dependency 3T S131919T 40 HIHET deh A =1 &l
AT &1 SHHT UI3sT G 3 g1 off SHET v a2 @iffad £1 5§ ORS g
NG SHHT SEHATE dle ol T I Y Tehdl: RM

T 73 FEATeA/ RMO India & @DefenceMinindia - 20h
S 597 & aR A H ohgalm ok T 317 R 351G S v =15 BT 8

SiTch=T 33T g1 10T gl=T hl ST 61 &, X =T 61 Uehet, I AT T AT
o | Fifeh I wave GE{T IR 3715 &, 3R 3T ofi 58 9 # $o [Afvaa el ol
1 Q{1 HAhdT & T HEH T 9el=1 giaT: RM

T&T 731 FETEA/ RMO India @ @DefenceMinlndia - 20h
DRDO Ud DRL ZaRT R &1 715, 2-deoxy-D-glucose (2-DG) SAHIAS A
TaTTashRI fOg g3 | T8 §AN ¢ & scientific prowess & U J5T 35807 &l

59 T # DRDO, 317 597 o1 o R&D ¥ 5T Tl T3l &l 379=11 3R &
FEM 3R AHAFIAATC T §: T&T HAT

&

Delhi: Defence Minister Rajnath Singh and Union Health
Minister Dr Harsh Vardhan release first batch of Anti-
COVID drug 2DG developed by DRDO
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India rapidly building military base in Mauritius
to counter China in the Indian Ocean Region

It seems India is busy building an overseas military base in Mauritius and other regions as well
amid China’s continued military maneuvers — from the Himalayas to the Indian Ocean
By Ayush Jain

It is no longer a secret that major regional powers such as India, Japan, Australia, South Korea
besides the US have been making efforts to establish a foothold in the Indian Ocean Region to
counter the Chinese Navy.

The PLA Navy (PLAN), which has the largest surface fleet according to a US Congressional
report published last year, is working steadily to be on par with the US military by 2027.

Based on its “string of pearls” theory, Beijing has been proactively building military and
commercial bases along its sea lines of communication (SLOCs), which extend from the Chinese
mainland to Port Sudan in the Horn of Africa.

These SLOCs or maritime routes run through several chokepoints such as the Strait of Mandeb,
the Strait of Malacca, the Strait of Hormuz, and the Lombok Strait as well as other strategic
maritime points in Pakistan, Sri Lanka, Bangladesh, the Maldives, and Somalia.

Many commentators in India believe this plan, together with the China—Pakistan Economic
Corridor and other parts of China’s Belt and Road Initiative, is a threat to India’s national security.
Such a system would encircle India and threaten its power projection, trade, and potentially
territorial integrity.

Furthermore, China’s support for India’s traditional enemy, Pakistan, and its Gwadar Port are
viewed as a threat, compounded by fears that China may develop an overseas naval military base in
Gwadar, which could allow the PLA to conduct expeditionary warfare in the IOR.

To thwart such threats, India is ramping up its naval assets and infrastructure, reports suggest.

India’s Military Base in Mauritius

One such base is Agalega Island that India leased from Mauritius in 2015. The development of
required infrastructure has been conducted on a rapid scale since then, and most communication
from the Island has been cut off to maintain operational secrecy.

New satellite imagery shows a change in its physical features with an airfield and port
development work being undertaken, believed to be worth more than $87 million.

Once the work is completed, a 3,000-m runway capable of handling the Indian Navy’s P-8I
Neptune Maritime Patrol Aircraft and a port that can host other surface vessels and potentially
submarines, or other assets of strategic importance will be ready there.

This Agalega airfield will serve as an intelligence outpost for New Delhi, to monitor and
respond to threats emerging in the region.

According to the Lowy Institute, this development is in sync with Modi’s 2016 vision for the
Indian Ocean, articulated as Security and Growth for All in the Region (SAGAR). Under SAGAR,
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New Delhi aims to work together with Indian Ocean regional governments to “engineer virtuous
cycles of cooperation”.

India’s Cooperation with Foreign Navies

It is imperative to understand that New Delhi is steadily increasing its cooperation with foreign
navies and working with countries in the IOR to establish its bases.

Apart from the Agalega, India also has its strategic listening post and radar facility in
Madagascar and a coastal surveillance radar in Seychelles (whose existence is disputed and under
shadows of secrecy and political controversies).

There is another listening post at Ras al Hadd. The Indian Navy has berthing rights at Muscat
naval base, Oman. In 2018, New Delhi also secured access to facilities at the port city of Dugm in
Oman for the Indian Air Force and the Indian Navy.

Dugm could serve as an important base for the Indian military if it wishes to expand its
activities in the Middle East, providing security to its assets and combat piracy in the region. In
2017, Oman also signed an MoU with the United Kingdom to have access to facilities at Dugm.

“With berthing rights in Oman and monitoring stations in Madagascar, Mauritius, Kochi, and
Mumbai, the navy will effectively box in the region to protect sea lanes right from Mozambique
and the Cape of Good Hope to the Gulf of Oman,” an official had told The Indian Express when
Madagascar station was made operational.

What’s more, Indian military vessels and aircraft can use bases of foreign militaries like the
United States and France for replenishment and resupply, including the Reunion Island.

With India keeping a vigil over the Strait of Malacca from the strategically-located Andaman
and Nicobar Islands, this new move, along with India’s QUAD cooperation, could prompt China to
rethink its strategies.
https://eurasiantimes.com/is-india-building-overseas-military-bases-to-counter-china-in-indian-ocean-
region/

THEWEEK
Tue, 18 May 2021

Navy hands over decommissioned attack
craft to Alappuzha Port Museum

The vessel had participated in many coastal security and port defence missions
The Indian Navy on Monday handed over to the Kerala government a decommissioned fast
attack craft at a function held at the Naval Base here. The ship would be taken to Alappuzha and
placed as part of the Port Museum under the Alappuzha Heritage Project, a Defence press release
said.

The vessel was part of the headquarters, Western
Naval Command and had participated in many coastal | .
security and port defence missions along the coasts of ml
Maharashtra and Gujarat. I

The role of the ship included day/night surveillance
and reconnaissance, coordinated search and rescue
operations, beach insertion, extraction of marine
commandos and high- speed interception of small,
manoeuvreable intruder crafts. The ship had also actively participated in para jumps and duck
drops with the Indian Air Force personnel embarked onboard, the release said.

It was decommissioned on January 28 in Mumbai and later towed from Mumbai to Kochi earlier
this month.

25


https://eurasiantimes.com/is-india-building-overseas-military-bases-to-counter-china-in-indian-ocean-region/
https://eurasiantimes.com/is-india-building-overseas-military-bases-to-counter-china-in-indian-ocean-region/

The attack craft (IN FAC) T-81, the second of the Super Dvora MK 1l class Fast Attack Craft
built by Goa Shipyard Limited, was handed over to the government by Vice-Admiral AK Chawla,
Flag Officer Commanding-in-Chief (FOC-in-C), Southern Naval Command.

IN FAC T-81 was commissioned into the Indian Navy on June 5, 1999, by the then Governor of
Goa Lieutenant General JFR Jacob, PVSM (Retd).

Kerala Finance Minister T M Thomas Isaac was the chief guest on the occasion.
The function was held with adherence to COVID norms.

https://www.theweek.in/news/india/2021/05/17/navy-hands-over-decommissioned-attack-craft-to-
alappuzha-port-mu.html

moneycontrol

Tue, 18 May 2021
Bharat Forge to assume full control
of missile making subsidiary KSSL

KSSL and Israeli defence technology company Rafael Advanced Systems are in a $100 million
joint venture order to supply 1,000 Barak-8 MRSAM missiles’ kits to state-run Bharat Dynamics

Bharat Forge will buy the remaining 49 percent stake in Kalyani Strategic Systems (KSSL) at
Rs 32.97 crore to make it a fully-owned subsidiary, the Pune-based company disclosed in filings
with the stock exchanges. The promoter and promoter group entities of Bharat Forge will off-load
their shares in KSSL.

“Since KSSL holds industrial license under
the Arms Act, 1959 read with the Arms Rules,
2016, the said acquisition of shares shall be
subject to prior approval of Ministry of Home
Affairs / Department for Promotion of Industry
and Internal Trade”, Bharat Forge added.

KSSL is the holding company for the defence
vertical of Bharat Forge Group. This acquisition
shall result in making it the wholly-owned
subsidiary of Bharat Forge which shall enable it to be eligible for participating in various defence
programs, Bharat Forge added in the statement.

KSSL is engaged in the field of developing, deploying defence electronics, systems
development, system integration for defence products and components.

KSSL and Israeli defence technology company Rafael Advanced Systems are in a $100 million
joint venture order to supply 1,000 Barak-8 MRSAM missiles’ kits to state-run Bharat Dynamics.

https://www.moneycontrol.com/news/technology/auto/bharat-forge-to-assume-full-control-of-missile-
making-subsidiary-kssl-6904941.html

26


https://www.theweek.in/news/india/2021/05/17/navy-hands-over-decommissioned-attack-craft-to-alappuzha-port-mu.html
https://www.theweek.in/news/india/2021/05/17/navy-hands-over-decommissioned-attack-craft-to-alappuzha-port-mu.html
https://www.moneycontrol.com/news/technology/auto/bharat-forge-to-assume-full-control-of-missile-making-subsidiary-kssl-6904941.html
https://www.moneycontrol.com/news/technology/auto/bharat-forge-to-assume-full-control-of-missile-making-subsidiary-kssl-6904941.html

Science & Technology News

T

W Press Information Bureau
Government of India

Ministry of Science & Technology
Mon, 17 May 2021 5:49PM

Scientists develop magnetometer for low cost, reliable
& real-time measurements of magnetic fields

Researchers have demonstrated a low-cost digital system to efficiently measure unknown
magri]ejuc flelc_is. ‘ ;.:' \ a‘a\‘w v o 0N
gital signals are the backbone of » , J}' &
communication  systems  processed by .3:_. % @h e
hardware systems that transmit and receive the \ ¢ R €
signals with the help of intermediate systems L 3
called ‘digital receiver systems’ or DRS.
When magnetic matter creates signals,
analysing them with DRS lets scientists study
the magnetic fields. Analysing the properties
of the signals, for example, how they vary
with time, scientists can measure the fields and
study their small fluctuations.

In a new study, scientists from Raman B
Research  Institute (RRI)! Bengalurur an Image: by Dan-Cristian Paduret via Unsplash
autonomous institute of the Department of
Science & Technology, Government of India, have devised a more efficient, faster, and low-cost
digital receiver system that can make precise measurements of magnetic fields. The study was
supported by the Department of Science and Technology and the Ministry of Electronics and
Information Technology (MeitY) Government of India. It was published in the journal IEEE
Transactions on Instrumentation and Measurement. The system costs less than 350$ for all the
silicon-based hardware and associated software.

The hardware of digital receiver systems are built with standard silicon-based memory devices.
Computer codes are implemented that make these devices perform mathematical operations on the
signal they receive, enabling DRS systems to measure fundamental properties of matter like ‘Spin’.
The spin of electrons determines the magnetism of most of the objects around us.

“The electrons’ spin is not constant at room temperatures. They fluctuate,” explains
Saptarishi Chaudhuri, associate professor of RRI and a co-author of the study. These spin
fluctuations cause what scientists call ‘spin-noise’. By measuring the tiny fluctuations in the
magnetic field, the researchers can infer the spin-noise accurately.

The work is an extension of the Ph.D. thesis work of the co-authors Maheswar Swar and
Subhajit Bhar of RRI. The researchers heated rubidium atoms to temperatures ranging between 100
and 200 degrees Celsius, causing spin fluctuations. Then, they bombarded the atoms with a laser,
which has a property called ‘polarization’. The spin fluctuations caused the laser’s polarization to
fluctuate, which the researchers measured using a light detector. The polarization fluctuation is the
signal for the digital receiver system. They then designed the system to work in two different
modes.
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One of them uses a widely-used mathematical function, the ‘Fourier transform’ of the signal,
named after its inventor Joseph Fourier. The Fourier transform of the signal lets them calculate
how the rubidium atom’s energies vary, from which they can directly infer the magnetic field. A
standard method of measuring the magnetic field analyses small frequency ranges of the signal
separately. The researchers showed that their method speeds up the calculations compared to the
standard method. Their improved method also increased their confidence in how the electrons’
energies vary more than ten times. ;

Sometimes, while measuring magnetic
fields, the DRS may receive signals only
for a short time. In such scenarios, it is
essential to record the signal as it gets
created without losing any part of it. The
researchers successfully implemented this
ability with the help of a combination of
standard hardware and computer codes.
They measured a magnetic field of 800
microgauss — roughly a thousand times
smaller than the Earth’s magnetic field, )
within a tenth of a second. The photograph of the experiment to measure magnetic fields using

There was, however, a problem ___ the DRS device. Image Credit: Raman Research Institute
electromagnetic interference to the signal the DRS receives. “The source is the power supply to the
digital receiver, and radio-frequency signals emanating from other nearby electronic devices, such
as the computers, phones, lasers, and other laboratory instruments,” explains V. Mugundhan,
another co-author of the study. They got rid of these sources by using a battery bank to power the
DRS’s hardware components and shielded them entirely from interference using a 5-millimeter
thick layer of mild steel. “We have also developed high-end data processing algorithms to remove
the residual interference,” he adds.

The researchers applied an external magnetic field across the heated rubidium atoms. They
demonstrated that their measurement of the magnetic field was consistent with what they expected.
Thus, they demonstrated that their two-component digital receiver system works as an atomic
magnetometer. “Our magnetometer can be deployed to measure unknown magnetic fields,” says
Saptarishi.

Having demonstrated the functioning of a digital receiver system to precisely measure atomic
magnetic fields, the researchers are open to large-scale manufacturing or commercialisation of the
device. Such a step would require partners in the industry to show interest in the project. “There are
no bottlenecks in manufacturing our device on large scales,” Saptarishi pointed out.
https://pib.gov.in/PressReleasePage.aspx?PRID=1719361
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A LIDAR device the size of a finger now available

A nanophotonics-based LiDAR technology developed by a POSTECH research team was
presented as an invited paper in Nature Nanotechnology, the leading academic journal in the field
of nanoscience and nanoengineering.
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Conventional macroscanner and MEMS-type LIDAR systems

Credit: Pohang University of Science & Technology (POSTECH)

In this paper, a POSTECH research team (led by Professor Junsuk Rho of the departments of
mechanical engineering and chemical engineering, postdoctoral researcher Dr. Inki Kim of the
Department of Mechanical Engineering, and Ph.D. candidate Jaehyuck Jang of the Department of
Chemical Engineering) in cooperation with the French National Science Institute (CNRS-CRHEA)
focused on the LIiDAR device developed through studying the metamaterials based ultralight
nanophotonics.

In addition, the paper introduces core nanophotonic technologies such as the phase-change
material-based beam scanning technique, a flash-type LIiDAR that does not require beam scanning
by applying point-cloud generation device, and light-source device integration and scalable
manufacturing methods.

In particular, the paper explains that the ultra-precise LIDAR device developed by the research
team can be applied not only to autonomous vehicles, but also to intelligent robots, drones, 3D
panoramic cameras, CCTVs, and augmented reality platforms. LIDAR technology collects the
depth information of an object by irradiating a laser beam onto the object and measuring the time
of its return. LIDAR sensors are gaining attention in the field of future displays from
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machineries—such as autonomous vehicles, artificially intelligent robots, and unmanned aerial
vehicles—to being mounted on iPhones for 3D face recognition or used in secure payment
systems.

Conventional LIDAR

Miniaturization

Nanophotonic LiDAR system. Credit: POSTECH

Currently, the high-end mechanical LIDAR system on the roof of autonomous vehicles is about
the size of two adult fists stacked together, and costs tens of thousands of dollars. In addition, there
are still many challenges to be overcome, such as a charging process that consumes a huge amount
of power and heat management.

As a solution to this, the research team proposed an ultracompact LIDAR technology based on
nanophotonics. The researchers explain how this nanophotonic technology can innovate the
LiDAR sensor system in various aspects, from the basic measurement principles of LIDAR to the
latest ultrafast and ultra-precise nanophotonic measurement methods, and nanophotonic devices
such as metasurfaces, soliton microcomb, and optical waveguides.

"Currently, the research team is conducting several follow-up studies to develop ultralight
metasurface-based compound LiDAR systems,"” remarked Professor Junsuk Rho. "If this research
is successful, we can look forward to manufacturing affordable ultrafast and ultra-precise LIDAR
systems at an affordable cost."”

More information: Inki Kim et al, Nanophotonics for light detection and ranging technology, Nature
Nanotechnology (2021). DOI: 10.1038/s41565-021-00895-3

Journal information: Nature Nanotechnology
https://phys.org/news/2021-05-lidar-device-size-finger.html
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Quantum computing: Cold
chips can control qubits

Researchers and engineers from QuTech in the Netherlands and from Intel Corp., jointly
designed and tested a chip to control qubits that can operate at extremely low temperatures, and
opens the door to solving the "wiring bottleneck,” an important step toward a scalable quantum
computer. Their results are published in the scientific journal Nature.

Each basic unit of a quantum computer, a qubit, '
is typically addressed individually by a single wire.
"This stands in the way of a scalable quantum
computer, since millions of qubits would require
millions of wires' explains lead investigator Lieven
Vandersypen from QuTech. "This is called the
‘wiring bottleneck.” In traditional computers a
modern processor with billions of transistors has
only a few thousand connections. The cryogenic

temperatures at which qubits operate (20  Credit: Ecole Polytechnique Federale de Lausanne
millikelvin or about -273 degrees Celsius)

complicate the use of traditional solutions.” Such a chip could simply not endure the extreme
temperatures, so a new cryogenic control chip has been designed and tested.

Intel Horse Ridge

Engineers at Intel and QuTech—a collaboration between Delft University of Technology and
TNO, the Netherlands Organization for applied scientific research—designed a special silicon-
based integrated circuit able to withstand the cold (3 degrees Celsius above absolute zero) and also
address qubits. The so-called "Horse Ridge' chip is named after the coldest place in Oregon, the
state where the Intel lab resides.

"We exploited the same technology adopted for the conventional microprocessor, the CMOS
technology. For Horse Ridge, we specifically used the Intel 22nm low-power FIinFET technology."
said co-lead investigator Edoardo Charbon, head of EPFL's Advanced Quantum Architecture
Laboratory. "As electronic devices operate very differently at cryogenic temperatures, we used
special techniques in the chip design both to ensure the right operation and to drive qubits with
high accuracy." Ultimately controller chip and qubits can be integrated on the same die (as they are
all fabricated in silicon) or package, thus further relieving the wiring bottleneck.

High fidelity and good programmability

To assess the quality of the cryogenic Horse Ridge control chip it was compared with a classical
room temperature controller. It turns out the gate fidelity of the system is very high (99.7%) and
limited not by the controller but by the qubits themselves. That's great news for the performance of
the cryogenic control chip.

Next, the programmability of the controller was showcased using a two-qubit quantum
algorithm. The Deutsch-Jozsa algorithm is one of the simplest algorithms that is much more
efficient on a quantum computer than a traditional computer. This demonstrates the ability to
program the control chip with arbitrary sequences of operations, and opens the way to on-chip
implementation and a truly scalable quantum computer.

More information: Xiao Xue et al. CMOS-based cryogenic control of silicon quantum circuits, Nature
(2021). DOI: 10.1038/541586-021-03469-4

Journal information: Nature
https://phys.org/news/2021-05-quantum-cold-chips-qubits.html
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Future sparkles for diamond-based
guantum technology

Marilyn Monroe famously sang that diamonds are a girl's best friend, but they are also very
popular with quantum scientists—with two new research breakthroughs poised to accelerate the
development of synthetic diamond-based quantum technology, improve scalability, and
dramatically reduce manufacturing costs. N

While silicon is traditionally used for computer
and mobile phone hardware, diamond has unique
properties that make it particularly useful as a base
for emerging quantum technologies such as
quantum supercomputers, secure communications
and sensors.

However there are two key problems; cost, and
difficulty in fabricating the single crystal diamond
layer, which is smaller than one millionth of a
meter.

A research team from _the ARC C.enter Of  An artist's impression of a diamond building block in a
Excellence for Transformative Meta-Optics at the future photonic circuit. The red color emphasises the

H H germanium vacancy centres emitting at the red spectral
University of TeChnOIOQy Sydnt_ay (UTS.)’ led by range and the ring illustrates the cavity. Image: ARC
Professor Igor Aharonovich, has just published tWo  centre of Excellence for Transformative Meta-Optics at
research papers, in Nanoscale and Advanced the University of Technology Sydney (UTS)

Quantum Technologies, that address these challenges.

"For diamond to be used in quantum applications, we need to precisely engineer ‘optical defects’
in the diamond devices—cavities and waveguides—to control, manipulate and readout information
in the form of qubits—the quantum version of classical computer bits,” said Professor
Aharonovich.

"It's akin to cutting holes or carving gullies in a super thin sheet of diamond, to ensure light
travels and bounces in the desired direction,” he said.

To overcome the "etching"” challenge, the researchers developed a new hard masking method,
which uses a thin metallic tungsten layer to pattern the diamond nanostructure, enabling the
creation of one-dimensional photonic crystal cavities.

"The use of tungsten as a hard mask addresses several drawbacks of diamond fabrication. It acts
as a uniform restraining conductive layer to improve the viability of electron beam lithography at
nanoscale resolution,” said lead author of paper in Nanoscale, UTS Ph.D. candidate Blake Regan.

To the best of our knowledge, we offer the first evidence of the growth of a single crystal
diamond structure from a polycrystalline material using a bottom up approach—Ilike growing
flowers from seed.

"It also allows the post-fabrication transfer of diamond devices onto the substrate of choice
under ambient conditions. And the process can be further automated, to create modular
components for diamond-based quantum photonic circuitry,” he said.

The tungsten layer is 30nm wide—around 10,000 times thinner than a human hair—however it
enabled a diamond etch of over 300nm, a record selectivity for diamond processing.

A further advantage is that removal of the tungsten mask does not require the use of
hydrofluoric acid—one of the most dangerous acids currently in use—so this also significantly
improves the safety and accessibility of the diamond nanofabrication process.
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To address the issue of cost, and improve scalability, the team further developed an innovative
step to grow single crystal diamond photonic structures with embedded quantum defects from a
polycrystalline substrate.

"Our process relies on lower cost large polycrystalline diamond, which is available as large
wafers, unlike the traditionally used high quality single crystal diamond, which is limited to a few
mm2" said UTS Ph.D. candidate Milad Nonahal, lead author of the study in Advanced Quantum
Technologies.

"To the best of our knowledge, we offer the first evidence of the growth of a single crystal
diamond structure from a polycrystalline material using a bottom up approach—Ilike growing
flowers from seed,” he added.

"Our method eliminates the need for expensive diamond materials and the use of ion
implantation, which is key to accelerating the commercialisation of diamond quantum hardware"
said UTS Dr. Mehran Kianinia, a senior author on the second study.

"Nanofabrication of high Q, transferable diamond resonators” is published in Nanoscale.

"Bottom-Up Synthesis of Single Crystal Diamond Pyramids Containing Germanium Vacancy
Centers™ is published in Advanced Quantum Technologies.

More information: Blake Regan et al. Nanofabrication of high Q, transferable diamond resonators,
Nanoscale (2021). DOI: 10.1039/D1NR00749A

Milad Nonahal et al. Bottom-Up Synthesis of Single Crystal Diamond Pyramids Containing Germanium
Vacancy Centers, Advanced Quantum Technologies (2021). DOI: 10.1002/qute.202100037

Journal information: Nanoscale
https://phys.org/news/2021-05-future-diamond-based-quantum-technology.html
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COVID-19 reduces gray matter
In brain regions: study

COVID-19 patients receiving oxygen therapy or experiencing a fever show a
reduced volume of gray matter in the frontal-temporal network of the brain
COVID-19 patients who receive oxygen therapy or experience fever show a reduced volume of
gray matter in the frontal-temporal network of the brain, according to a recent study from Georgia
State University and the Georgla Institute of Technology, in the United States.

-

Image credit: Depositphotos.com

According to the research, published in the journal Neurobiology of Stress , it was found that a
lower volume of gray matter in this region of the brain was associated with a higher level of
disability among COVID-19 patients, even six months later from hospital discharge.

According to the SciTechDaily site, gray matter is essential for processing information in the
brain and this alteration in its volume can affect the functioning and communication of neurons.

The researchers, affiliated with the Center for Translational Research in Neuroimaging and Data
Science (TReNDS), studied CT scans in 120 neurological patients, including 58 with acute
COVID-19 and 62 without COVID-19, matched for age, gender and disease. They found "brain
abnormalities” and that patients with higher levels of disability had a smaller volume of gray
matter in the frontal regions of the brain.

The study findings could be used as a biomarker to evaluate treatment options for the disease.
https://www.entrepreneur.com/article/372113
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