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Note from the Editor-in-Chief

In this new issue of the Academic Journal of Hooghly Mohsin College,
methodical analysis of those contributions of Sir U.N. Brahmachari in the fields medical
sciences that are everlasting and a refinement of the concept medicine evolved through
incessant researches for protection of human lives as well as biotic elements in our
ecosystem has been studied by the authors.

The purpose of this journal is to organise in pages what Sir U.N. Brahmachari
bestowed to our society in a coherent fashion so that readers can learn to devise and
analyse the works done by this great physician of our motherland despite many facing
many obstacles.

A major portion of this journal deal with different aspects of Sir U N
Brahmachari’s strategic skills in the fields of medical sciences during the first half of
twentieth century India under the British rule. There are successions of examples which
reveal varieties of his research works. An example of invention of Urea Stibamine saving
many lives of poor community people may be cited here.

It may be mentioned here that this seminary has observed the 150th Birth Anniversary of

Sir U N. Brahmachari in solemnity and grandeur and the aim of this celebration
has also been discussed in this journal

Another special feature of this journal that the respected authors have tried to
cover the areas of Sir U N. Brahmachari as a person, physician, philanthropist, and
creator of philosophy of Physiology extensively.

Through diverse topics, suitable examples have been put down in this journal for
the betterment of social lives as far as health and hygiene are concerned.

I convey my deepest thanks to everyone attached to the publication of this
academic journal in a unique perspective for the cause of our society and safeguard of our
ecosystem through Sir U.N. Brahmachari.

My best regards to Sir U N. Brahmachari. I dedicate this issue as a tribute to the
greatest son of our motherland from all the stakeholders of this college.

Dr.Purushottam Pramanik

Principal & Editor in Chief



Note from Editor

It is with immense pleasure and pride that we present the 12th volume of the
Academic Journal of Hooghly Mohsin College (AJHMC). After a considerable hiatus, this
renewed publication not only continues our rich academic tradition but also pays tribute
to one of the most revered figures in the history of our institution.

This special edition is dedicated to the 150th birth anniversary of Sir
Upendranath Brahmachari, whose pioneering contributions to medical science and
education have left an indelible impact at both national and international levels. As a
distinguished alumnus of Hooghly Mohsin College and a towering intellectual, Sir
Brahmachari’s legacy continues to inspire generations of scholars and researchers.

Through this edition, we strive to uphold the spirit of academic inquiry and
excellence that he so profoundly embodied. The articles featured in this volume reflect
the diverse and dynamic research pursuits of our faculty and students, reaffirming our
commitment to fostering a culture of critical thinking and scholarly engagement.

We extend our heartfelt gratitude to the Department of Higher Education,
Government of West Bengal for their generous support and funding. Our sincere thanks
also go to all contributors, reviewers, the editorial team, and faculty members whose
tireless efforts have brought this volume to fruition.

May this issue stand as a worthy homage to Sir U. N. Brahmachari and serve as a

meaningful contribution to our academic legacy.

Dr. Atanu Saha
Editor
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Abstract : Leishmaniasis, a neglected tropical
disease caused by the Leishmania parasite, poses
significant  health  challenges  worldwide.
Molecular typing of the Leishmania genome has
revolutionized our understanding of the parasite's
biology, epidemiology, and evolution.
Understanding genetic variability is crucial for
addressing clinical manifestations and drug
resistance. Molecular characterization techniques,
such as MLEE, MLMT, RAPD, RFLP, MLST,
and Whole-Genome Sequencing (WGS), provide
reliable results for species identification and strain
characterization. This review explores in brief, the
molecular typing techniques, from traditional
methods like Multilocus Enzyme Electrophoresis
(MLEE) to cutting-edge approaches like WGS.
These techniques have enabled researchers to
characterize Leishmania species, understand
genetic variability, and identify potential targets
for diagnosis and treatment. The application of
molecular typing has significant implications for
disease control, vaccine development, and
therapeutic interventions. Researchers can develop
more effective strategies to combat this deadly
disease by exploring the genetic diversity of
Leishmania parasites. This review highlights the
importance of molecular typing in advancing our
understanding of Leishmania biology and its
potential to inform public health policy and
disease management. Ultimately, molecular
typing of the Leishmania genome holds promise
for improving the diagnosis, treatment, and
prevention of leishmaniasis, reducing its burden
on affected communities worldwide.

1. Introduction

Leishmania is a genus of trypanosomatids that
causes the disease known as Leishmaniasis. These
parasites are transmitted by sand flies belonging to
the genus Phlebotomus in the Old World and
Lutzomyia in the New World [1]. Their main
hosts are vertebrates, with Leishmania species
frequently infecting hyraxes, canids, rodents, and
humans. Leishmaniases encompass a range of
diseases, with the primary forms being Cutaneous
Leishmaniasis (CL), Mucocutaneous Leishmania-
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sis (MCL), and Visceral Leishmaniasis (VL) or
Kala-azar (KA). VL represents the most severe
manifestation of the disease, characterized by
symptoms such as hepatosplenomegaly, anemia,
edema, abdominal swelling, and liver cirrhosis,
which can be fatal if not treated. In contrast, CL,
the most commonly occurring form, leads to skin
lesions that can appear on any part of the body.
MCL may arise from the spread of parasites from
the skin to the nasooropharyngeal mucosa,
resulting in nasal bleeding and potentially causing
severe ulcerative damage to the nasooropharynge-
al mucosa if untreated. Post Kala-azar Dermal
Leishmaniasis (PKDL) also presents as skin
lesions, particularly on the face, which can
develop during or after treatment for VL [12]. One
intermediate form of the disease where the
concurrent manifestation of PKDL in individuals
suffering from active VL is referred to as
para-kala-azar dermal leishmaniasis (para-KDL)
[16]. The disease manifests in various forms, with
varying degrees of severity and impact on public
health. Hence, understanding the genetic diversity
and molecular characteristics of Leishmania
parasites is crucial for developing effective
diagnostic tools, therapeutic strategies, and control
measures.

2. The Burden of Leishmaniasis

Leishmaniasis affects millions of people world-
wide, with an estimated 1.5 million new cases
reported annually. The disease is prevalent in 98
countries, with the majority of cases occurring in
the Indian subcontinent, East Africa, and South
America. KA, is the most severe form of the
disease, with a mortality rate of nearly 100% if
left untreated. KA has become endemic in eastern
India, particularly in the states of Bihar,
Jharkhand, West Bengal, and Uttar Pradesh [8],
[18]. The management of Leishmaniasis typically
depends on accurate diagnosis, identification of
the pathogens responsible for the disease,
treatment of infected individuals, vector control,
and, in certain instances, management strategies.
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3. Leishmania genome

Kinetoplast DNA (kDNA)

kDNA is a unique mitochondrial DNA
structure in Leishmania and other trypanoso-
matids, comprising: 1. Maxi circles (~20 kb):
Encode rRNA genes and structural proteins
for mitochondrial respiration. 2. Mini circles
(~0.8 kb): Encode guide RNAs (gRNAs) for
editing maxi circle-encoded mitochondrial
genes. kKDNA constitutes 10-20% of total
DNA and features a complex organization
exclusive to trypanosomatids [4].

Nuclear Genome

The Leishmania genome is composed of 34-
36 chromosomes, ranging in size from 0.3 to
3.5 Mb. The genome is rich in genes, with
approximately 8,000-10,000 protein-coding
genes. Leishmania genes are often organized
in polycistronic transcription units, where
multiple genes are transcribed together as a
single unit [4].

Types of Molecular Characterizations of
The Parasites

A. Over the years, various molecular typing
techniques have been employed to
characterize Leishmania parasites. Early
studies used techniques such as multilocus
enzyme electrophoresis (MLEE) and isoen-
zyme analysis. Both techniques analyze
enzymes or isozymes to identify genetic
variation and are used for the genetic
characterization of organisms, including
Leishmania parasites [9], [10].

MLEE involves analyzing the electrophoretic
mobility of enzymes to identify genetic
variation and isozyme analysis involved stud-
ying the different forms of enzymes to identi-
fy genetic variation. For example, the
existence of three visceralizing species in
East Africa—L. donovani, L. infantum, and
L. archibaldi—was not supported by analysis
using a variety of molecular markers [9].
Additionally, L. killicki was not confirmed as
a separate species, and strains with different
genetic backgrounds were assigned to the L.
donovani zymodeme MON-37. The majority
of L. infantum parasites that cause visceral
leishmaniasis in the Mediterranean and South
America share the same zymodeme, MON-1,
which limits the discriminatory efficacy of
MLEE for classes below the species level.
Other important drawbacks of MLEE are that

it requires bulk cultures of parasites, it is la-
bour intensive and time-consuming, and it
can only be performed in specialized labora-
tories [11].

Despite these limitations, MLEE and
isozyme analysis have contributed
significantly to our understanding of
Leishmania  genetics and epidemiology.
These methods provided valuable insights
into the genetic diversity of Leishmania
parasites and helped establish the foundation
for modern molecular typing approaches.

B. The present state of Leishmania research is
characterized by a growing understanding of the
genetic diversity and molecular characteristics of
Leishmania parasites. The advent of PCR-based
techniques includes the recently developed
multilocus  sequence typing (MLST) and
multilocus microsatellite typing (MLMT) [3],[13]
as well as the amplification and subsequent
restriction fragment length polymorphism (RFLP)
or DNA sequence analysis of multicopy targets or
multigene families, including coding and
non-coding regions and PCR-fingerprinting
techniques e.g Random Amplified Polymorphic
DNA (RAPD) [14]. These approaches have
enabled researchers to identify genetic variants,
reconstruct  phylogenetic  relationships, and
investigate the population structure of Leishmania
parasites. Recent studies have also employed next
-generation sequencing (NGS) technologies to
explore the genomic diversity of Leishmania
parasites by performing  whole-genome
sequencing (WGS) [2].

Here are some PCR-based techniques used in
Leishmania research:

Random Amplified Polymorphic DNA
(RAPD): RAPD involves using arbitrary primers
to amplify DNA sequences and identify genetic
variation among Leishmania parasites and helps
in species identification [5].

PCR-Restriction Fragment Length Polymorphism
(PCR-RFLP): PCR-RFLP involves amplifying
specific DNA sequences and digesting them with
restriction enzymes to identify genetic variation.
As far as we know, the PCR-RFLP analysis of the
internal transcribed spacer 1 (ITS1) is the most
commonly utilized method for the direct
identification and detection of Leishmania species
in the Old World. By using a single restriction
enzyme, Haelll, to digest the ITS1 PCR product,
it is possible to differentiate all clinically
significant Leishmania species [6].
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Multilocus microsatellite typing (MLMT):
Microsatellite analysis involves amplifying
and analyzing repetitive DNA sequences to
study the genetic diversity and population
dynamics of Leishmania parasites [13].
Multilocus Sequence Typing (MLST): The
term was specifically adopted for a system
which is initially developed for bacteria [17].
Recently, preliminary efforts have been made
to establish an MLST system for Leishmania,
although a publicly accessible database has
not yet been developed. The L. donovani
complex has been examined using two sets of
five loci corresponding to genes that encode
enzymes analyzed through MLEE [111],[19].
One grouping includes asat, gpi, nhl,
nh2, and pgd, while the other comprises
icd, me, mpi, gopdh, and th. Altogether,
these ten targets have the potential to
create a comprehensive MLST system
suitable for the L. domovani complex.
MLST involves sequencing multiple
genetic loci to characterize Leishmania
parasites and understand their genetic
diversity. It also acts as a powerful tool
to study the intraspecies variation
(Unpublished data).
e) Next-generation sequencing (NGS)
technologies have further transformed the field of
Leishmania  research. ~NGS  has  enabled
researchers to explore the genomic diversity of
Leishmania parasites, identify genetic variants
associated with disease phenotypes, and
investigate the molecular mechanisms underlying
Leishmania pathogenesis [2], [15]. NGS has
become a promising and effective method for
investigating drug resistance factors and
biomarkers in Leishmania research. Genome-wide
SNP typing through NGS is a robust technique for
distinguishing between parasite strains within
natural populations and has demonstrated superior
results compared to traditional methods [3].
Through NGS tool we can elucidate rative
genomic analysis, by conducting WGS. This
approach involves comparing the genomes of
different Leishmania species to identify genetic
differences and similarities. A study that
compared the genomes of L. infantum, L.
braziliensis, and L. major, revealing conserved
synteny and identifying genes with differential
distribution between species [14].

References

Future Prospects

The future of Leishmania research holds much
promise, with ongoing advances in genomics,
transcriptomics, and  bioinformatics.  The
application of NGS technologies and machine
learning algorithms is expected to reveal new in-
sights into the molecular mechanisms underlying
Leishmania pathogenesis, drug resistance, and
vaccine development [2]. Furthermore, the inte-
gration of genomic data with epidemiological and
clinical information will facilitate the develop-
ment of personalized medicine approaches and
targeted interventions [3], [11].

6. Importance of Molecular Typing

Molecular characterization of Leishmania para-
sites has become an essential tool in understand-
ing the genetic diversity and population structure
of the parasites [17]. Molecular typing techniques
have enabled researchers to identify distinct spe-
cies and strains, investigate phylogenetic relation-
ships, and explore the genetic basis of disease
phenotypes [2]. This information is critical for
developing effective diagnostic tools, therapeutic
strategies, and can identify genetic markers asso-
ciated with drug resistance, enabling targeted in-
terventions to control disease.

7. Conclusion

In conclusion, molecular typing of the Leishmania
genome has undergone significant advancements
over the years, from traditional techniques to cut-
ting-edge NGS technologies. This review aims to
summarize the prospects of Leishmania genome
typing, highlighting the potential of molecular
approaches to inform disease control strategies,
epidemiological surveillance and improve our
understanding of this complex parasite.
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few years. Dr. Brahmachari’s  researches
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Abstract The molecular drug wrea
stibamine discovered by Sir Upendranath
Brahmachari, the eminent physician of
Campbell Medical School (presently, Nil
Ratan Sircar Medical College & Hospital,
Kolkata), saved the lives of innumerable
people from the then deadly disease Kala-
azar not only in India but also in abroad.
Previous to Sir Brahmachari, another noted
physician of Kolkata Sir Leonard Rogers
received good response from the patients
suffering from Kala-azar on application of
tartar emetic which was the potassium and
antimony salt of tartaric acid. But this drug
had several side effects. Sir Brahmachari
suggested to replace the drug by sodium and
antimony salt of tartaric acid. Though this
gave good response, but because of slow re-
covery, scientists were searching for another
better drug. Next to this, Sir Brahmachari
used colloidal solution of  antimony which
was not much successful. Finally, urea
stibamine, a co-crystalized  product of
p-stibanilic acid and urea, was discovered by
Sir Upendranath Brahmachari. The drug was
extremely successful for saving lives of the
people suffering from Kala-azar.

Keywords: Upendranath Brahmachari, Kala-

azar, urea stibamine

1. Introduction

Discovery of the molecular drug wurea
stibamine by Sir Upendranath Brahmachari,

18

Kolkata), may be considered as one of the
great discoveries in the twentieth century in
India. The drug worked very successfully on
application to the patients suffering from the
deadly disease Kala-azar. The disease was
first reported in Jessore in the presidency
division of Bengal in the year 1824-25 [1]
with  clinical symptoms of relapses,
progressive emaciation, enlargement of
spleen and lever, and occurrence of certain
complications [1]. Unfortunately, no fewer
than 75,000 people died in that division of the
country, who were suffering from the disease.
Gradually the disease spread to the adjacent
district Nadia, then to Hooghly and Burdwan.
The disease in Dumdum (Kolkata) and
Burdwan was known as Dumdum fever and
Burdwan  fever, rtespectively. It was
introduced to the town Dacca (now Dhaka in
Bangladesh) in 1862. It was spread in North
Bengal and Bihar within next ten years. The
mortality rate of the diseases was so high that
no persons was there to burn or bury the dead
bodies which were either left in the houses or
thrown in  rivers or other water bodies [1].
In Bihar, the disease was named as Kala
dukh. Probably the disease reached  Assam
and first reported in Garo hills in 1875. The
reason for this spread to the north eastern part
of the country was thought to be the newly
developed surface transport and steamer
services of the British Government in Assam
with Bengal [1]. There the disease was
known as Sarkari bimari or disease of the
British Government [1]. In Assam, the
disease was so dangerous that the mortality
rate was 95 percent [1]. Similarly, the
population of the district of Burdwan
decreased drastically because of the outbreak
of Kala-azar [2]. The disease also spread to
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the other parts of the country like Madras
presidency, United province (presently Uttar
Pradesh and adjacent areas), etc in the
beginning of twentieth century. Several noted
British physicians came forward to the
characterization and medical treatment of the
disease. Search for a suitable drug to beat the
high rate of mortality of Kala-azar was in
force once the causative parasite was
discovered in 1903 by Charles Donavan and
William Leishman [3]. After the hard effort, a
very successful drug wurea stibamine, which
had a magical success towards the recovery
of Kala-azar in India, was developed by Sir
Upendranath Brahmachari in 1922 [4]. The
reason for this success of the drug was the
disruption of the metabolism of the causative
parasite by wrea stibamine leading the
parasite to death. The victory of wurea
stibamine against Kala-azar in Assam, which
was a highly Kala-azar affected area, is
recorded in the farewell address of Sir John
Kerr, once Governor of Assam [5],“Dr
Brahmachari’s researches in the treatment of
Kala-azar were one of the most outstanding
contributions in tropical therapeutics, as a
result of which three lakhs of human lives
were saved in the Province of Assam during
the course of ten years.” Colonel H E Shortt,
Director of Kala-azar Commission in British
India, stated [5], “We found Urea Stibamine
an eminently safe and reliable drug and in
seven years we treated some thousands of
cases of Kala-azar and saw thousands more
treated in treatment centres. The acute
fulminating type characteristic of the peak
period of an epidemic responds to treatment
extraordinarily promptly and with an almost
dramatic cessation of fever, diminution in the
size of the spleen and return to normal
condition of health.”

2. Discovery of causative agent for
Kala-azar

The British medical officer Lieuten-
ant-General William Boog Leishman (b.1865
- d.1926) came to India in 1890s and returned
England in 1897 [6]. Returning England he
joined Netley Hospital. There he found a
parasite in the spleen of a dead British soldier
who was once posted in Dumdum, Kolkata

and attacked with Dumdum fever. This work
was published in 1903 [7]. Interestingly,
another British medical officer as well as
Professor of Physiology in Madras Medical
College, Charles Donovan (b.1863 — d.1951)
discovered the same parasite at around same
time. His work was also published in the
same journal in 1903 as was of Dr Leishman
[8]. Dr Donovan sent the results of his work
to the Nobel laureate Ronald Ross and French
biologist Charles L A Laveron (b.1845 —
d.1922). Laveron won the Nobel prize in
Physiology or Medicine of in 1907. Charles L
A Laveron named the parasite as Piroplasma
donavani. After this Ronald Ross named the
parasite as Leshmania donavani, Laveron
(Genus: Leshmania, Species; donavani) [9].
Next to that, scientists started to investigate
the carrier of this parasite. In 1940, on joint
effort of School of Tropical Medicine,
Calcutta; Kala-azar Commission and Indian
Research Fund Association it was discovered
that a particular fly Phlebotomus argentipes
(sand fly) is the carrier of the parasite
Leshmania donavani, Laveron. After this, the
discase = Kala-azar ~ was named  as
Leishmaniasis or visceral Leishmaniasis.

3. Search for a drug and discovery of
urea stibamine

Chemistry and biology of pharma-
ceuticals were not well-developed in the early
twentieth century even in Europe. Discovery
of a drug for a particular ailment was based
on the chemical and biological intuition, and
knowledge from the previous discovery(ies)
of the discoverer. In between fifteenth and
sixteenth century, antimony (latin — Stibium)
was considered as a universal drug for all the
diseases. Because of this, monks started to
drink wine in the cup made of antimony to be
healthy. The tartaric acid from the wine
reacted with antimony resulting the salt of
tartaric acid. However, uptake of huge
amount of antimony by the monks was fatal.
They started to suffer from various unknown
diseases. This is why the element was named
as anti-monk. From ‘anti-monk’, the name
‘antimony’ originated [10].

Tartar emetic, which is a
(coordination) compound of potassium
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and antimony, was first applied to Kala-azar
patients intravenously by the Brazilian
physician Vianna [10] in 1913. Though tartar
emetic is said to be a double salt of tartaric
acid with potassium and antimony [10], the
present author opines that it was a coordina-
tion compound. The structures of tartaric acid
and potassium-antimony compound of
tartaric acid are shown in Schemes
and Coordination chemistry was already
established then, the father of coordina-
tion chemistry was awarded Nobel prize
in that very 1913.

COOH COOH COOH

Hi (* —eetst OH e T ——

HO_—Q--H H—(.:-—OH H e C el OH

Qline-0

COOH COOH OOH

L-tartaric acid D-tartaric acid meso-tartaric acid

K*

\/ OH

bI[[

bb“[
/ \ TARTARIC ACID
O (0]
-
Scheme 1: Different isomers of tartaric acid

Scheme 2: Potassium and antimony
compound of tartaric acid (tartar emetic)

In India, tartar emetic was first ap-
plied to the Kala-azar patients by Sir Leonard
Rogers [10]. Tartar emetic as a drug was not
very successful because in a tropical country
like India the molecule in the solution started
to be dissociated on bacterial attack. British
physician and Professor of School of Tropical
Medicine pointed out severe other complica-
tions of the patients on treatment of tartar
emetic like coughing, vomiting, pneumonia,
joint pain, lung, kidney and bowel complica-
tions [10]. In this situation, Upendranath
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Brahmachari suggested to use sodium
antimonial tartarate and it gave a very good
response. Major Murison, Director of Public
Health, Assam recorded [10], “The treatment
of the disease in Assam with tartar emetic
began in 1919, when only a comparatively
small number of cases were treated. It was
soon realized that this drug was not without
its dangers and it was soon replaced by
sodium antimony] tartarate, which was found
much safer and gave much more satisfactory
results.” But this drug was also not the final
solution. The main problem with this drug
was that the recovery was slow. Patients had
to continue treatment for a prolonged time,
which was not possible for the poor people.
So a substitute was necessary. Now Upen-
dranath suggested the intravenous injection of
colloidal antimony solution [11]. This was
also not much successful. Next to this,
Upendranath was interested with atoxyl. This
was an organometallic compound of arsenic

(Scheme 3).
PNa
As=0, 5H,0
OH

Scheme 3: Atoxyl

HoN

Atoxyl was a successful drug for sleeping
sickness. Upendranath considered antimony
in place of arsenic in atoxyl. There was a
reason for this consideration. The parasites
responsible for sleeping sickness and Kala-
azar had some similarities in character. So
Upendranath synthesized p-stibanilic acid
(Scheme 4) with antimony in +5 oxidation
state and started to apply this on patients’

body [10].
PH
Sb:0
OH

HoN

Scheme 4: p-Stibanilic acid

The drug was successful but a single
limitation of this drug was the pain suffered
by the patients during the injection of the
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drug. So Upendranath started to think about.
The anesthetic property of urea was already
known. After having a lot of experimental
effort, Upendranath designed the drug as the
combination of p-stibanilic acid and urea,
which was named as urea stibamine by him.
The drug was actually a salt of, rather to say a
cocrystal of p-stibanilic acid and urea
(Scheme 5).

OH
HZNOSQ:O, CO(NH,),
OH

Scheme 5: Urea stibamine

The rest is the history. The use of wurea
stibamine crossed the border of India. It was
started to be used in China, Sicily, Italy,
France, Egypt and Greece. Naturally, as was
in many other events, British people could
not accept the radical success of an Indian,
who discovered a drug working in a situation
with very limited financial and infrastructural
facilities. The work was done in a room in
Campbell Medical School, Kolkata, where
there was no running water and no gas lamp
[12]. British people disseminated that the dis-
covery by Upendranath Brahmachari was due
to sudden luck of him [5].

4. Sir Upendranath Brahmachari: a brief
life-sketch

Upendranath Brahmachari was born on 7
June 1875 in Jamalpur, district Mungair of
Bihar in British India. His father Dr Nilmani
Brahmachari was a railway physician in East
Indian Railways and mother was Sourav
Sundari devi. After having early education in
Jamalpur, Upendranath was admitted to
Hooghly College (now Hooghly Mohsin
College) with Honours in Mathematics and
Chemistry. Then he joined Presidency
College, Calcutta and obtained his MA
degree with first class in Chemistry. Here he
came in close contact of Sir P C Ray, and the
love and affection of Sir Ray was showered
to Upendranath throughout his life. His career
in Medical science was also brilliant. He
received MB degree standing first in
Medicine and Surgery in 1889. In 1902, he

received MD and in 1904, he was
awarded PhD from Calcutta University for
his research on “Studies in Haemolysis”. He
joined Provincial Medical Service in 1889. In
1901, he was appointed as a teacher of
Pathology and Materia Medica in Dacca
Medical School. In 1905, he returned Kolkata
and joined Campbell Medical School and
served the school for at least twenty years.
After his retirement from Government
service, he joined Carmichael Medical
College (now R G Kar Medical College,
Kolkata). Besides Kala-azar, he had
significant contribution in discovering proper
medical treatment of other deadly diseases
like malaria, etc [13].

Several recognitions were conferred
on him, to name a few, Rai Bahadur (1911)
by British Government, Coates Medal and
Griffith Memorial Prize by Calcutta
University, Minto Medal (1921) by School of
Tropical Medicine, The Kaisar-i-Hind Gold
Medal (1921) by British Government,
Knighthood (1934) by British Government
[13].

Very interestingly, he was nominated
for Nobel prize in Physiology or Medicine for
six times during 1929 to 1942 [14].
Upendranath Brahmachari passed away on 6
February 1946.

5. Conclusion

Very interestingly, Kala-azar was found to be
almost removed from the globe after 1940s.
Definitely the reason was not urea stibamine.
The wide use of Dichloro Diphenyl Trichlo-
roethane (DDT) during second World War
for the pest control destroyed the sand flies
along with the causative parasite for Kala-
azar [3]. But the disease did not disappear
completely. No vaccine is yet discovered.
Among the drugs available now, the pen-
tavalent antimony compounds are the first
choice. Some other compounds are also being
used [15]. In spite of several hesitations of
the British Government to credit Upendranath
Brahmachari, his intelligence, hard work and
ultimate success to discover a life-saving
drug had made him legend in his life-time.
His son Dr Phanindranath Brahmachari
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remembered the dedications of his father with
the words “Work in his sleep, work in his
dream as well as work in his waking
hours” [16]. He was very disciplined
throughout his life and was a terror to his
students, particularly in Examination halls.
Upendranath was described as rough and
rude by his nature [16]. It is astonishing as
well as pleasing to find out the emotion of the
so called rough and rude Upendranath
through his presidential address in The

with delight that memorable night in Calcutta
Campbell Hospital at Sealdah when after a
very hard day’s work at about 10 PM in a
little room in smoky dimly burning kerosene
lamp, I found that my experiments in the
preparation of this compound were up to my
expectations. But I did not then know that
night that Providence had put into my hands a
wonderous thing and that this little thing
would save the lives of millions of my
fellow-men.”

Asiatic Society in 1929 [12]: “But I recall
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Abstract: Visceral leishmaniasis (VL), also
known as Kala-Azar, is a potentially fatal
parasitic disease caused by Leishmania
donovani and transmitted by the bite of
infected female Phlebotomus sandflies. The
groundbreaking research of Indian scientist
Dr. UpendranathBrahmachari in the early 20™
century led to the development of urea
stibamine (1922), a pentavalent antimonial
compound for the treatment of VL. This
compound remained the cornerstone of VL
therapy for several decades. However,
increasing drug resistance and toxici-
typrompted the search for alternative thera-
pies. Over the time, treatment regimen for VL
included sodium stibogluconate,
amphotericin B (both deoxycholate and
liposomal forms), miltefosine, and paromo-
mycin. These conventional therapeutic
measures possess many drawbacks such as
toxicity, several side effects, efficacy
variance, high cost and drug resistance which
lead to the treatment failure. Therefore,
continued efforts for the development of
newer drugs which are less toxic, cheaper and
have high efficacy are underway for the VL
control and subsequent elimination. This
search led to the development of 3,3'-di-
indolylmethane (DIM), a natural compound
which is not only a potent inhibitor of Leish-
mania DNA topoisomerase I (LdTopILS) that
acts as a topoisomerase poison, but also
induce inhibition of FOF1-ATP synthase,
leading  to mitochondria  dependent
programmed cell death in Leishmania
parasites. Furthermore, phenyl derivative of

DIM (DPDIM), methyl derivative (DMDIM),
and methoxy derivative (DMODIM)
demonstrated  inhibition of LdTopILS
activity, with DPDIM being most potent
among the three derivatives. Selective
flavonoids such as baicalein, luteolin and
quercetin inhibit LdTopILS enzyme activity
and have differential mechanism to induce
the  stabilization = ofDNA-topoisomerase
Icleavable complex as evident from the
camptothecin (CPT) resistant mutant topoiso-
merase [. Recent study has shown that
hesperidin (HSP), another flavonoid is a
catalytic inhibitor of LdTopILS that binds
with free enzyme and does not stabilize DNA
-topoisomerase I cleavable complex. HSP
induces  antileishmanial  response by
formation of cellular reactive oxygen species,
resulting in depolarization of mitochondrial
membranepotential and DNA fragmentation.
This topoisomerase [ induced programmed
cell death in leishmanial cells correspond to
the decreased parasites burden after HSP
treatment in infected BALB/c mice. Recent
studies focused on repurposing of HIV-1
protease inhibitors for the treatment of VL.
Amprenavir (APV) exerts antileishmanial
response by LdTopILS induced programmed
cell death, while APV exerted inhibition of
L.donovaniparasitesat lower concentration
when APV was used in combination with
ritonavir (RTV) via inhibition of LdToplILS.
Thus, these compounds must be exploited
further fortherapeutic purpose against VL as
well as HIV-VL co-infection.
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Introduction:

Leishmaniasis is a vector borne

parasitic disease caused by protozoan
parasites of genus Leishmania and
transmitted by the infected Phlebotomine
sand flies. The three clinical manifestations
of the disease are cutaneous leishmaniasis
(CL), mucocutaneous leishmaniasis (MCL)
and visceral leishmaniasis (VL). Amongst the
three forms, visceral leishmaniasis or Kala-
Azar is the most fatal one (1,2).
Visceral leishmaniasis is the most severe and
potentially fatal form of the disease if left
untreated. It is primarily caused by
Leishmania donovani in the Indian subconti-
nent and East Africa, and Leishmania
infantum (also known as L. chagasi) in the
Mediterranean, Middle East, and South
America. VL is characterized by systemic
infection of the reticuloendothelial system
(WHO). According to WHO (2023), VL
cases are most prevalent inBrazil, Ethiopia,
India, Kenya, Somalia, South Sudan, and
Sudan. Moreover, immune compromised
individuals, are at a significantly high risk of
developing VL, with co-infection posing
therapeutic challenges and contributing to
higher mortality rates. HIV-VL co-infection
is the major reservoir developing the risk for
systemic VL. Despite progress in disease
control, VL burden remains high in endemic
regions, emphasizing a continued struggle
that dates back more than a century.
Moreover, unavailability of wvaccine for
human VL makes it desirable to search for
potent antileishmanial agents which have
better efficacy, minimal toxicity and
affordable.

Dr.Upendranath Brahmachari’s Contribution:

In the early 20™ century, Kala-Azar
(visceral leishmaniasis) was a devastating
disease in India, particularly in regions like
Bihar, West Bengal and Assam. At the time,
the available treatment was tartar emetic
(antimony potassium tartrate) which was
crude and dangerous. Although it could kill
the parasites, but caused life threatening side
effectsincluding heart problems and damage
to organs (3).
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Dr. Upendranath Brahmachari, a prominent
Indian scientist and physician began experi-
menting with different organic compounds of
trivalent antimony (Sb*"), the active element
in tartar emetic. His aim was to reduce the
toxicity while retaining or improving the
compound’s ability to kill Leishmania para-
sites.Following years of dedicated research
and experimentationoften conducted under
difficult circumstances and with scarce
resources at Campbell Hospital in Calcutta,
Dr.Brahmachari made a significant scientific
breakthrough in 1922. He successfully devel-
oped urea stibamine, a compound formed by
combining urea with para-amino phenyl
stibnic acid. This chemical, also referred to as
para-amino  phenyl-stibnic  acid  urea,
benefited from the inclusion of a urea group,
which improved its solubility which might
have enhanced its effectiveness in the body
(4,5). The use of this drug reduced the
mortality rate and increased the recovery rate
up to 95%. Urea stibamine proved efficient
not only in India, but also in other countries,
including Greece, France, and China (3).
Thus, the dedicated efforts of
Dr.Bramhachari brought relief to millions of
people who were affected by the disease and
transformed the disease into one that could be
effectively managed and treated. Dr.
Upendranath Bramhachari was nominated for
the Nobel Prize in Medicine in 1929 and
1942 for his ground-breaking achievement.
But, unfortunately, he did not receive the
prize. Over the time, the manufacturing of the
urea stibamine was discontinued due to
increased resistance and toxic effects of the
drug which led to the development of better
alternatives such as sodium stibogluconate in
1950 (2).

Conventional therapeutics and their
drawbacks:
The conventional therapeutic

measures for treatment of VLrelies on penta-
valentantimonials (used in combination
therapy), paromomycin, amphotericin B
(AmB) and liposomal amphotericin B (L-
AmB).

Pentavalent  antimonials  (e.g., sodium
stibogluconate and meglumine antimoniate):
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The pentavalent antimonials were widely
accepted and reliable for the treatment of VL.
However, their efficacy declined drastically
in parts of India due to emerged drug re-
sistance (2,6)

Amphotericin B (conventional and liposomal
forms): The deoxycholate amphotericin B
(AmB) is effective and has been extensively
used for VL treatment. However, its adverse
effects such as nephrotoxicity with associated
hypokalemiaresistricted  its use.  The
liposomal amphotericin B (L-AmB) is a less
toxic formulation of AmB recommended by
the WHO for VL treatment. But its wide-
spread use is limited by high cost, require-
ment for hospitalization, and cold-chain stor-
age (2,6).

Miltefosine: Miltefosine was the first oral
drug approved for VL, offering convenience
of administration. However, concerns
regarding teratogenicity, gastrointestinal side
effects, and increasing resistance limit its
utility (2,6).

Paromomycin: Paramomycin is currently
used in combination therapies as its
parenteral administration pose toxicity issue

and practical challenges (2,6).

Thus, these agents are backed with
severe side effects, toxicity, efficacy variance
and high cost. In addition to this, the emerged
resistance to these drugs is the major cause
for treatment failure (6). Therefore, improved
therapeutic  strategies are desirable for
elimination of the disease. In this context,
there has been an ongoing search for finding
desirable antileishmanial agent which is less
toxic and have high efficacy. Recognizing the
limitations of current treatments, the research
work is dedicated to discovering novel
therapeutic agents and molecular targets.

Leishmania  DNA  topoisomerase 1

(LdTopILS) as a drug target:

Leishmania DNA topoisomerase |
(LdTopILYS) is an attractive drug target as it
possesses striking structural differences from

human counterpart, human DNA
topoisomerase 1 (hTopl). LdTopILS is a
bi-subunit enzyme consisting of a large
subunit (LdTopIL), 73 kDaand a small
subunit (LdToplS), 29 kDa. LdTopIL is
encoded by the gene located on chromosome
34 and, LdToplIS is encode by the gene
present on chromosome 4(7). Therefore,
developing compounds that inhibit LdTopILS
hold significant potential as a therapeutic
strategy against VL.

Ongoing search for potent antileishmanial
agents:

3,3-diindolylmethane ~ (DIM) s
derived from the digestion of indole-3-
carbinol. It is widely found in cruciferous
vegetables, such as broccoli, brussels
sprouts,cabbage, etc. It is revealed that DIM
exhibits potent inhibitory activity against
Leishmania donovani DNA topoisomerase I
enzyme (LdTopILS), a crucial enzyme
involved in relieving topological stress during
DNA replication and transcription in
parasites. DIM functions as a class I
topoisomerase inhibitor, also known as a
topoisomerase poison, which exert its effect
by stabilizing the transient topoisomerase
I-DNA  cleavable  complex, thereby
preventing the re-ligation of the DNA strand
and ultimately inducing DNA damage and
cell death.This mechanism of DIM's
inhibitory  action resembles that of
camptothecin (CPT), a well-characterized
topoisomerase I poison (8). DIM exhibits a
high binding affinity not only towards the
free enzyme but also towards the DNA
substrate, thisbinding property enhances its
ability to trap the cleavable complex and
increase cytotoxic stress within the parasite.
Therefore, DIM holds significant promise as
an antileishmanial agent with its ability to
selectively  poison  Leishmania  DNA
topoisomerase I while being a naturally
derived compound adds to its potential
therapeutic value.
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The resistance mechanism  of
leishmanial cells towards DIM was studied
by developing DIM-resistant Leishmania
parasites through gradual exposure which led
to single-nucleotide mutations in LdToplLS,
with amino acid substitutions F270L and
K430N in the large subunit, and N184S in the
small subunit. The mutant enzymeis no
longer inhibited by DIM. Transfection of
these mutant genes into wild-type parasites
confirmed that the altered topoisomerase I
confers resistance. Notably, DIM fails to
stabilize the topoisomerase [-DNA complex
in the F270L mutant (9).

In addition to targeting LdTopILS,
DIM exhibits potent antileishmanial activity
by inhibiting mitochondrial F[IF[]-ATP
synthase in Leishmania parasites. This inhibi-
tion led to significant increase in mitochon-
drial ROS, which is likely due to stabilization
of topoisomerase [-DNA cleavable complex.
DIM also induces mitochondrial membrane
depolarization, ATP depletion, and oxidative
stress, collectively triggering the release of
cytochrome c into the cytosol and activating
caspase-like proteases. To confirm the role of
mitochondria in DIM-induced programmed
cell death (PCD), mitochondrial DNA-
depleted cells (mtDDCs) were generated.
These cells showed resistance to DIM, failing
to produce mitochondrial ROS or exhibit
ATP depletion. These findings strongly
suggest that DIM-induced leishmanial cell
death is  mitochondria-dependent and
mediated by ROS generation (10).

To overcome resistance to 3,3'-
diindolylmethane (DIM), three novel deriva-
tives- DPDIM (2,2'-diphenyl-3,3'-
diindolylmethane), DMDIM (2,2'-dimethyl-
3,3'-diindolylmethane), and DMODIM (5,5'-
dimethoxy-3,3'-diindolylmethane) were de-
veloped and evaluated for their anti leishma-
nial efficacy. Among these, DPDIM
demonstrated the most potent activity, both as
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a topoisomerase | poison and as an inhibitor
of Leishmania parasite growth. All three
compounds were effective in reducing
parasite burden and inducing cell death in
DIM-resistant axenic amastigotes, with
DMODIM showing the least potency.
Mechanistically, the compounds stabilize the
topoisomerase I- DNA cleavable complex
and exhibit DNA-binding affinity, with
DPDIM displaying the highest affinity
toward substrate DNA (11). Therefore, these
findings highlight the potential of these
compounds as promising antileishmanial
agents for further therapeutic development.

The other investigational compounds that

were evaluated for their antileishmanial
potential includes curcumin. It was observed
that curcumin, a polyphenol, induced
programmed cell death by elevation of
cytosolic calcium levels followed by
generation of ROS which resulted in
depolarization of mitochondrial membrane
potential and release of cytochrome c into the
cytosol which ultimately caused DNA
fragmentation in Leishmania parasites (12).
Furthermore, = mechanism  of  copper
salisylaldoxime (CuSAL) was evaluated in
vitro and in vivo which indicated that CuSAL
reduces splenic and hepatic parasites burden
and induce LdTopILS mediated cell death in
Leishmania donovani cells (13).

Hesperidin ~ (HSP), a  natural
flavonoid, has recently been investigated for
its antileishmanial properties. HSP functions
as a catalytic inhibitor of LdToplILS,
demonstrating high binding affinity without
stabilizing the topoisomerase I-DNA
cleavable complex. This inhibition triggers
oxidative stress in the parasites, leading to
mitochondrial membrane depolarization and
subsequent release of cytochrome ¢ into the
cytoplasm. These events activate caspase-like
proteases 9 and 3, ultimately result in
apoptotic death of the leishmanial cells. (14).

Recent studies have focused on
repurposing HIV-1 protease inhibitors as
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potential antileishmanial agents. Among
them, amprenavir (APV), a potent HIV-1
protease inhibitor, was evaluated for its
efficacy against Leishmania donovani. APV
was found to selectively inhibitLdTopILS
without affecting the catalytic activity of
human  topoisomerase.  This  selective
inhibition triggered downstream events
leading to programmed cell death (PCD) in
the parasite (15). Furthermore,
co-administration of APV with ritonavir
(RTV), another HIV-1 protease inhibitor,
enhanced the antileishmanial efficacy of
APV. The APV-RTV combination exhibited
a synergistic effect, enabling a reduced dose
of APV to significantly lower parasite burden
when used in combination with RTV (16).

Conclusion:

The current research emphasizes on
utilization of natural compounds with
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Abstract : Sir U N Brahmachari, the pioneer
of tropical medicine , was a renowned medi-
cal person as well as a scientist of the last
century , He is famous for the discovery of
wonder drug urea stibamine for the cure of
one of the dreaded and deadliest diseases,
Kalazar during 19" century British India.
He was also the first Indian to be nominated
for Nobel Prize in the category of the
Medicine and Physiology. Moreover, he
discovered a new form of kala-azar; known
as Post-kala-azar dermal leishmaniasis, or
dermal leishmaniasis (Brahmachari),
post-antimonial dermal leishmaniasis
(Brahmachari), and Brahmachari’s dermal
leishmaniasis, also a new species of
mosquitoes which was named after him. In
fact, based on Western techniques he was the
first Indian to produce pharmaceutical drugs,
According to the British doctor H.E. Shortt,
urea stibamine saved millions of lives within
India and abroad. As a person Brahmachari
possessed a vibrant character and contributed
profusely to the society. Nowadays, he has
become a forgotten hero and therefore after
150 years of his birth, his life and his
contribution in the society needs to be
revisited for making the people of present
generation aware of his contribution in
science and society.

Introduction:

There was a time in Bengal when in
reference to the disease Kala-azar, people
used to utter two words Brahmachari and
Urea Stibamine. Such was the level of
acceptability of the Scientist Physician Sir
U.N .Brahmachary in the society. Almost
two hundred years ago, Kala-azar was
detected in the Jessore district of undivided
Bengal in Indian subcontinent .(16,17,18)

Nowadays, the disease is technically known
visceral leishmaniasis. The name Kala-azar
came from two words, black (‘kala’ in
Bengali) patches on the skin, along with irre
gular fever (‘azar’ from the Bengali fjor’).
The disease has been found to affect the
visceral organs, primarily the liver and
spleen, giving rise to hepatosplenomegaly.
The disease runs mainly in the tropical
countries and, to a lesser extent, in the
temperate regions of the world,. But it had
the highest prevalence in India in the last two
centuries. But this dreaded disease was
controlled significantly with the discovery of
magic drug Urea Stibamine by Brahmachari
(8) and just hundred years ago, Brahmachari
Research Institute was founded for the large
scale production of the medicine Urea
Stibamine discovered by Brahmachari
himself through his scientific research.
(13,18) In his time, he was associated with
most of the scientific institutions in Calcutta,
and was also coveted with several
prestigious positions in the society. For his
ground breaking work of the discovery of
Urea Stibamine , his name was proposed for
Nobel Prize in Physiology and Medicine two
times. (14,15) However, the nominations for
both the time became futile. Nowadays, he
is a forgotten hero and the present article is
a tribute to the dedicated scientist on the
occasion of celebration of his 150 years of
birth centenary.

Birth of a genius:

Upenndranath ~ Brahmachari came
from a respectable family. His father Dr.
Nilmani Brahmachari  worked with the
Eastern Railways under British India  and
was a respectable Physician in Jamalpur,
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now in Bihar, and mother Sourovsundari, a
housewife. Accordin% Upendranath himself,
he was born on 19™ December 1873, but
official birth record is different. He had three
other brothers . His family lineage is
extremely glorious, being associated with Sri
Chaitanya Mahaprabhu, who took sannyas
from  his religious master Keshab
Mukhodhyay (Bharati). The latter had also
given deeksha to his own elder brother,
Gopal Mukhopadhyay. The family thus
acquired surname Bharati and became
known as Gopal Bharati Brahmachari
Thakur. With the passage of time, ‘Bharati’
and ‘Thakur’ were dropped, and only the first
name and ‘Brahmachari’ remained. U.N.
Brahmachari was the 9™ generation originat-
ing from Gopal Brahmachari. (16,18)

Early days of U.N. Brahmachari:

U N Brahmachari’s academic career
started in the Eastern Railways Boys’ School
in Jamalpur . After passing School leaving
Examination, he enrolled in Hooghly
College in Chinsurah and passed First Arts
Examination with second division . Next he
enrolled in BA class in two disciplines,
Mathematics and Chemistry.  From this
college , he obtained his B.A. Degree under
Calcutta University in 1893, with double
honors in Mathematics and Chemistry. He
stood first in Mathematics in the college for
which he was awarded the Thwaytes medal.
Thereafter, he obtained his master’s degree in
Chemistry from Presidency College in 1894
with first class, and second in the merit list.
(13,16,18)

Seeking new career in Medical Education :

Upendranath ~ though proved his
scholarly aptitude in Chemistry, still he
wished to take up a new career in medical
profession and therefore joined Calcutta
Medical College to study Medicine. He
completed his Licentiate in Medicine and
Surgery (LMS) here in 1899, followed by
M.B. in 1900, standing first both in
Medicine and Surgery, for which he received
the Goodeve and McLeod Medals,
respectively. Even before being awarded his
M.D. degree in 1902, under the inspiration
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and guidance of Sir Gerald Bomford,
Principal, Calcutta Medical College, he was
appointed at the Dacca Medical School as a
Teacher of Physiology and Materia Medica
and a Physician in November 1901.(13,18)

Medical and Research Career.

Upendranath had a flair for research
work even during his student life and this was
noticed and encouraged by Sir Bomford.
This can be recorded from his research
report in Indian Medical Gazette in January,
1900, entitled “ Case of Septic Endocarditis”.
This was followed by two more papers, “ A
case of post hemiplegic Athetosis”’(May,
1900) in British Medical Journal and Ind.
Med. Gaz, and “ Field vision in Hysteria”
during July, 1901, in Ind. Med. Gaz (13) In
Dacca he came in contact with Sir Robert
Neil Campbell, who also inspired his
research work and accordingly, he started
research on mosquito under his guidance
and published a few papers .(1,12) In 1902,
he completed his M.D. and just after two
years, was awarded Ph.D. from Calcutta
University . His primary focus was then
various aspects of hemolysis and the title of
the thesis was “ Studies in Haemolysis”(18).
In Dacca, Upendranath worked from 1901 to
1905. Thereafter, he came back in Calcutta
to join in the Campbell Medical School (now
Nil Ratan Sircar Medical College & Hospital)
as a teacher of Medicine and First Physician.
It is the place where he spent nearly two
decades and his ground breaking discovery
of Urea stibamine was made. In 1923, he
joined the Calcutta Medical College as
Additional Physician and worked there till
1927. Beyond this, he formally retired from
government service, and joined the
Carmichael Medical College (now known as
R.G. Kar Medical College & Hospital.) as
Professor of Tropical Diseases. During his
medical career in Kolkata, he became
associated with several other institutes , such
as the National Medical Institute, which,
after being clubbed with the Calcutta Medical
Institute, became the Calcutta National
Medical College & Hospital. He was also a
Council Member of the prestigious Calcutta
School of Tropical Medicine.(16,18) As a
Science researcher, he used to carry out
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research work on many of the infectious dis-
eases, caused by bacteria, virus, parasites and
helminthes , such as influenza, filariasis, lep-
rosy, blackwater fever, cerebrospinal menin-
gitis, and syphilis. He also discovered a rare
variety of Malaria fever which recurs every
four days (Quartan fever). His keen observa-
tion prompted him to discover the cause of
Burdwan fever, an epidemic fever of lower
Bengal, reported in 19™ century, was nothing
but dual infection of Malaria and Kala-azar.
His research on blackwater fever, showed in
the acute phase of the disease, hemolysis
occurs in the liver and his designed anti-
hemolytic agent served the effective treat-
ment for blackwater fever in those days.
Apart from infectious diseases, he also car-
ried out some fundamental research work on
non-communicable diseases like diabetes.

(13)

Research on Kala-azar and
discovery of Brahmachari’s Magic Bullet’
Urea Stibamine. Initially, Brahmachari had
a passion for research work in diverse field
of infectious diseases , specially in Malaria.
(1,12,13) But later, his interest shifted mainly
to Kala-azar. When Brahmachari came back
to Kolkata from Dacca, two researchers
William Leishman and Charles Donovan-
jointly discovered the causative agent for
Kala-azar, the protozoon Leishmania
donovani and much later, the disease was
identified to be is transmitted by the bite of
sandflies (Phlebotomus argentipes), carrying
the pathogen.(16,18) His researches on Kala
-azar started from 1906 onwards(2,3,4,13)
and this ultimately led him to discover a type
of cutaneous leishmaniasis, or dermal leish-
manoid.(7) Nowadays, it is known as — Post
-Kala-azar Dermal Leishmaniasis (PKDL)
(18). With his immense knowledge in
Chemistry, Brahmachari innovatied the first
simple and cheap diagnostic test specific for
kala-azar ~ using blood from patients,
mediated by the flocculation of proteins
(Globulin Precipitation Test) proved highly
successful.(6) And this knowledge of
chemistry led him to search for proper drug
for combating the most dreaded disease of the
time. He started his journey in a small room
in the Campbell School where there was no
provision for running water, electric lighting,

or even a proper gas point which he later
mentioned in his memoirs in 1928 and 1940
(9,13) At first , he was influenced by the
magic bullet or the drug salvarson,
discovered by Paul Ehrlich for curing
another fatal disease syphilis. The drug
bearing an amino group at the para position
of a phenyl ring and at the other end, arsenic
along with side chains , when tested for Kala-
azar patients were of no use due to its high
toxic effects on in patients. Then he swiched
over to administer intravenous injection of
antimony potassium tartrate to kala-azar
patients from 1915 onwards.(5) This
endeavour was unsuccessful for the
reluctance of patients, who faced unbearable
pain during injection. Finding the failure
Brahmachari  substituted the arsenic in
Ehrlich’s magic bullet with antimony (Sb)
and added in a side chain a urea molecule
for its anesthetic and analgesic properties
This discovery of a synthetic drug was made
in 1920 through unlimited dedication,
labour and zeal and without proper financial
support. But eventually and it satisfactorily
cured in human volunteer studies and he
standardized the dose alsoto get best results
with  minimum application of drugs.
Following discovery, he went on donating the
drugs , to several hospitals, and started mak-
ing it in large scale through establishment of
Brahmachari Research  Institute.  Thus
‘Brahmachari’s magic bullet’ became his life
time prestigious  research work, which
subsequently gave him  both fame and
wealth. This cheap drug was welcome not
only throughout India , but also was widely
used in France, China, Italy, Greece etc. as it
saved the lives of innumerable number of
lives of Kala-azar patients in India (Bihar,
Assam and Bengal) and abroad.(17,18) He
vividly explained  composition of urea
stibamine, method of treatment of Kala-azar
with it, in his different treatise and research
articles (9,10,11,13)

Recognition and Humiliation

Urea stibamine remarkably reduced
the mortality rate of patients ten years after
its discovery. Contemporary , Government
Official, like Dr. Henry Edward Shortt, the
then  Chairman of the  Kala-azar
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Commission, and Sir John Henry Kerr, then
Governor of Assam, spoke very high about
him, for the success rate of survival of the
patients by the drug (13,17,18). Throughout
his life, Brahmachari received numerous
awards, medals, honors, recognitions from
various quarters of the country.(13,17,18) To
name a few , are the Minto Medal (1921)
from the Calcutta School of Tropical
Medicine, the Kaiser-I-Hind Medal (1924).
He was also coveted with several prestigious
positions , e.g. President of the Society of
Biological Chemists in India, Founding
Member and Vice President of the Physiolog-
ical Society of India, Founding Fellow of the
National Institute of Sciences of India, now
known as INSA, President of the Indian
Science Congress Association, President of
the Indian Chemical Society etc. He also
held many distinguished positions, including
President of several reputed societies, includ-
ing the Asiatic Society of Bengal (1928), the
Society of Biological Chemists (1932), the
Indian Chemical Society (1936), and the
Indian Association for the Cultivation of
Science (1942). He was elected Chairman of
the Indian Red Cross Society (1935),
mainly for establishing India’s first blood
bank at the Calcutta School of Tropical
Medicine. He was also elected as the General
President of the 23rd Session of the Indian
Science Congress (1936) held in Indore.
Moreover, he r