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Introduction

Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various

sensory, motor, cognitive, and functional challenges, reduc-
ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
trol, speech, respiratory and heart functions, reading abilities
and cognition.2 Diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease, ataxia, and
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Abstract Objective This updated review aims to identify the effectiveness of dynamic neuro-
muscular stabilization (DNS) techniques in neurological conditions.
Method A literature search was carried out from 2013 to 2024 on PubMed, Google
Scholar, Research Gate, and Scopus databases. Following keywords were used to
identify the relevant articles such as dynamic neuromuscular stabilization, reflex-
mediated DNS, neurological conditions, DNS, cerebral palsy, stroke, Parkinson’s
disease, multiple sclerosis, neurodegenerative conditions, ataxia, Alzheimer’s disease,
and multiple sclerosis with Boolean operators. All the full-text, English-written articles
based on inclusion and exclusion criteria were included in the review irrespective of
their experiment study design, only the review article was excluded.
Results This updated review included 10 articles related to neurological conditions
including, stroke, multiple sclerosis, Alzheimer’s disease, Parkinson’s disease, and
cerebral palsy. The results show significant differences in various outcome measures of
the included studies.
Conclusion The findings suggest that DNS is an effective approach to use in the
rehabilitation protocol of neurologically impaired patients and is beneficial in improv-
ing their health outcomes and overall quality of life. This review concludes that more
evidence is required in this area of research with good quality research and long follow-
up periods.
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Introduction

In the last few decades, there has been an increased global
interest in the traditional systems of medicine. Ayurveda,
the traditional Indian medicine system, remains the most

ancient yet is a living tradition. Ayurveda has its unique way
to describe pathology and management of diseases. Since
there are epistemological differences between Ayurveda and
modern medicine, it is not feasible to precisely correlate
every Ayurvedic term with modern medical concepts.
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Abstract Diabetes-related metabolic disturbances have a negative impact on oral health as well.
The reciprocal relationship between periodontal health and glycemic management has
been already established. Both these pose important concerns to public health, and
need to be addressed carefully. Ayurveda, the Indian Traditional Medicine System, has
dealt in detail with the pathophysiology andmanagement of prameha (diabetes) as well
as various oral diseases including dantamoola vyadhi (periodontal diseases). Interest-
ingly, the causative factors for dantamoola vyadhi are greatly similar to those of
prameha. Ayurveda propounds formulations such as triphala, which are reported to
possess antihyperglycemic activity as well as antimicrobial activity. Hence, such
formulations can prove helpful in the management of both these diseases. Considering
the global upsurge in research on traditional medicines worldwide, it is the need of
the hour to consider the role of Ayurveda in the oral health issues of diabetic patients.
The present review discusses the Ayurvedic concepts of diabetes and periodontal
health along with their management.
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Abstract Introduction The red blood cell (RBC) indices generated by cell counters help in the
morphological classification of anemia. The importance of microscopic examination of
peripheral blood smears (PBSs) stained by Leishman stain cannot be used alone when it
comes to interpretation of the underlying cause of anemia. Hence, all three RBC
histograms, indices, and microscopic examination of PBSs are very essential for a
complete assessment of anemia.
Aims and Objectives To diagnose the type of anemia by examination of PBSs,
automated cell-generated RBC histograms, and RBC indices and to compare and
correlate the findings of RBC indices and automated cell-generated RBC histograms
with PBS examination.
Materials and Methods This was a prospective comparative study done on 500 cases
of anemia for a period of 5 months from August 2023 to December 2023 in a rural
tertiary care teaching hospital and all the patients’ RBC indices, RBC histogram findings,
and PBS findings were noted and analyzed.
Results Among 500 samples, normocytic normochromic anemia consists of the
majority of the cases 272 (54.4%), followed by microcytic hypochromic anemia cases
183 (36.6%), macrocytic anemia cases 27 (5.4%), normocytic hypochromic anemia
were 10 (2%) cases, and dimorphic were 8 cases (1.6%). When compared with RBC
histogram, 265 (53.0%) cases showed normal bell-shaped curve, 188 (37.6%) cases
showed left shift, 27 (5.4%) cases showed broad based curve, 10 (2%) cases showed
right shift, and 10 (2%) cases showed bimodal curve suggesting normocytic normo-
chromic, microcytic hypochromic, normocytic hypochromic anemia, macrocytic, and
dimorphic anemia, respectively.
Conclusion This study showed a well correlation in the findings of the automated
hematology analyzer with the microscopic examination. Histogram alone could be
used as a screening method but when combined with RBC indices and PBS findings,
they act as useful supplements and by correlating findings of all three, we could
diagnose the majority of anemia.
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Introduction

The turnover of messenger ribonucleic acid (mRNA) in a cell
is a balance between its synthesis and its degradation, The
process mRNA degradation in eukaryotic cells requires a
systematic removal of the poly A tail called deadenylation.1

The poly(A)-specific RiboNuclease (PARN), a 74-kDa exonu-
clease belonging to the DEDD superfamily and first identified
from HeLa cells in 1991, is considered the most critical
enzyme in the process of deadenylation.2–4

In recent years, it has become evident that PARN has
multiple other roles in the cell, not just mRNA stock clear-
ing.5 PARN is involved in the maturation of H/ACA box
snoRNAs,6 a crucial member of the telomerase RNA (TERC)
complex, and these snoRNAs pseudouridylate rRNA as a part
of the process of rRNA processing and maturation. PARN
shows nucleolar localization,7 coprecipitates with pre-40S
particles, and participates in the processing of the 3′-end of
the human 18S rRNA.8 These observations point strongly to
its role in ribosome biogenesis. Further, the discovery of
mutations in PARN in diseases of telomere biology, particu-
larly those that affect hematopoiesis, has led to our under-
standing that defects in 3′end trimming of mRNA can impair
hematopoiesis, as shown in mice9 and zebrafish.10

Destabilization of maternal mRNAs is crucial for the acti-
vation of zygotic transcription. Indeed, a study on Xenopus has
revealed that PARN is responsible for maternal mRNA degra-
dation during oocyte maturation and embryogenesis.11

The process of sex determination and gonad development
in zebrafish is complex and it takes about 90 days postferti-
lization (dpf) for complete maturation of ovary and testis.
Zebrafish are born females and the first signs of an ovary-like
structure are seen as early as 10 dpf. The process of sex
differentiation occurs between 17 and 25 dpf where the
gonads remain bipotential. While half of the embryos main-
tain juvenile oogenesis, a number of gene networks work in a
coordinatedmanner to initiate the process of juvenile oocyte
apoptosis in the remaining half, leading to the “ovary to the
testis” gonadal transformation process and ultimately result-
ing in the formation of the testis. At 90 dpf, the ovary and the
testis are sexually differentiated.12

Previously, we have shown that loss of PARN affects
oogenesis in zebrafish and parn null mutant zebrafish,
though develop normally as viable and fertile adults, turning
out to be only males.13 To further understand the molecular
basis of the tissue-specific phenotype that we observed in
zebrafish, in the present study, we systematically examined
the expression profiles of germ cell-specific genes (dnd1,
dyrk1a, nanos1), ovary-associated genes (foxl2a, fancl,
nanos1, nanos2, cyp19ala, piwil1), testis-associated genes
(sox9a, dmrt1, hsf5, ar), and other gonad-associated genes
(brca2, cyp11c1, cyp17a1) in embryonic and adult stages of

parn null mutants. The results suggest that the loss of PARN
does not affect the germ cell differentiation at embryonic
stage (4 dpf) but affects the sexual differentiation that
happens at later stages (post 25 dpf) of development, partic-
ularly the process of oogenesis, which results in an all-male
phenotype in null mutants.

Materials and Methods

Zebrafish Husbandry and Rearing
Adult zebrafish (AB line) used in this studywereobtained from
amultilinking recirculatory rearing facilitywitha temperature
maintained at 28�0.5°C andwith a 14/10day/night cycle. The
process of mating and collection of fertilized eggs were as per
the standard protocols followed in zebrafish labs.13The animal
ethics approval was duly obtained before the commencement
of the study (NGSMIPS/IAEC/Nov-2019/154).

Identification of PARN Mutants through Genotyping
The PARN mutants, generated through the CRISPR/Cas9
gene-editing tool,13 were used in this study. The zygosity
of the fishes was determined through genotyping of deoxy-
ribonucleic acid (DNA) obtained from tail clips. The process
of tail clipping involved anesthetizing thefishes by 0.02%MS-
222 (Tricaine), transferring immediately onto a petri dish
using a plastic spoon, and clipping a part of the caudal fin
with a sterile blade. The clipped tail was immediately put
into lysis buffer containing 10mM tris HCl, 50mM KCl, 0.3%
tween20, 0.3% NP40, and 1mM ethylenediaminetetraacetic
acid, anddenatured at 98°C for 10minutes. Denaturationwas
followed by the addition of 2mg/mL proteinase K and
incubation of the sample at 55°C overnight. The next morn-
ing, the reaction was stopped by incubating the reaction
mixture at 98°C for 10minutes. The crudeDNA thus obtained
was diluted 1:5 and used as a template for polymerase chain
reaction (PCR) and the target region was amplified. The
sequence information of the PARN genotyping primers is
mentioned in the►Supplementary Table S1. Confirmation of
the zygosity status of the mutants was done by manual
analysis of the Sanger sequence of the PCR product.

Analysis of Sanger Sequencing Data
To check for 5 base pair del heterozygous/homozygous PARN
mutation, thesoftwarecalledPolyPeakParserwasused (http://
yosttools.genetics.utah.edu/PolyPeakParser/). This software
makes an alignment of the query to the wild-type sequence
and, in the process, it identifies the gaps in the sequence.

Gene Expression Analysis by Real-Time PCR
RNeasy Minikit (Qiagen, Germany) was used for total RNA
extraction from different tissues of adult parn mutants and
their wild-type siblings. In the case of embryos, RNA was

Conclusion Taken together, these results suggest that the loss of PARN does not
affect germ cell differentiation but affects the sexual differentiation that happens at
later stages of development, particularly the process of oogenesis, in zebrafish.
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ribonucleic acids (mRNAs), is a rate-limiting step in mRNA stability, and poly(A)-specific
ribonuclease (PARN) is the most important exonuclease involved in this process.
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Introduction

Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various

sensory, motor, cognitive, and functional challenges, reduc-
ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
trol, speech, respiratory and heart functions, reading abilities
and cognition.2 Diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease, ataxia, and
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Abstract Objective This updated review aims to identify the effectiveness of dynamic neuro-
muscular stabilization (DNS) techniques in neurological conditions.
Method A literature search was carried out from 2013 to 2024 on PubMed, Google
Scholar, Research Gate, and Scopus databases. Following keywords were used to
identify the relevant articles such as dynamic neuromuscular stabilization, reflex-
mediated DNS, neurological conditions, DNS, cerebral palsy, stroke, Parkinson’s
disease, multiple sclerosis, neurodegenerative conditions, ataxia, Alzheimer’s disease,
and multiple sclerosis with Boolean operators. All the full-text, English-written articles
based on inclusion and exclusion criteria were included in the review irrespective of
their experiment study design, only the review article was excluded.
Results This updated review included 10 articles related to neurological conditions
including, stroke, multiple sclerosis, Alzheimer’s disease, Parkinson’s disease, and
cerebral palsy. The results show significant differences in various outcome measures of
the included studies.
Conclusion The findings suggest that DNS is an effective approach to use in the
rehabilitation protocol of neurologically impaired patients and is beneficial in improv-
ing their health outcomes and overall quality of life. This review concludes that more
evidence is required in this area of research with good quality research and long follow-
up periods.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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Introduction

The turnover of messenger ribonucleic acid (mRNA) in a cell
is a balance between its synthesis and its degradation, The
process mRNA degradation in eukaryotic cells requires a
systematic removal of the poly A tail called deadenylation.1

The poly(A)-specific RiboNuclease (PARN), a 74-kDa exonu-
clease belonging to the DEDD superfamily and first identified
from HeLa cells in 1991, is considered the most critical
enzyme in the process of deadenylation.2–4

In recent years, it has become evident that PARN has
multiple other roles in the cell, not just mRNA stock clear-
ing.5 PARN is involved in the maturation of H/ACA box
snoRNAs,6 a crucial member of the telomerase RNA (TERC)
complex, and these snoRNAs pseudouridylate rRNA as a part
of the process of rRNA processing and maturation. PARN
shows nucleolar localization,7 coprecipitates with pre-40S
particles, and participates in the processing of the 3′-end of
the human 18S rRNA.8 These observations point strongly to
its role in ribosome biogenesis. Further, the discovery of
mutations in PARN in diseases of telomere biology, particu-
larly those that affect hematopoiesis, has led to our under-
standing that defects in 3′end trimming of mRNA can impair
hematopoiesis, as shown in mice9 and zebrafish.10

Destabilization of maternal mRNAs is crucial for the acti-
vation of zygotic transcription. Indeed, a study on Xenopus has
revealed that PARN is responsible for maternal mRNA degra-
dation during oocyte maturation and embryogenesis.11

The process of sex determination and gonad development
in zebrafish is complex and it takes about 90 days postferti-
lization (dpf) for complete maturation of ovary and testis.
Zebrafish are born females and the first signs of an ovary-like
structure are seen as early as 10 dpf. The process of sex
differentiation occurs between 17 and 25 dpf where the
gonads remain bipotential. While half of the embryos main-
tain juvenile oogenesis, a number of gene networks work in a
coordinatedmanner to initiate the process of juvenile oocyte
apoptosis in the remaining half, leading to the “ovary to the
testis” gonadal transformation process and ultimately result-
ing in the formation of the testis. At 90 dpf, the ovary and the
testis are sexually differentiated.12

Previously, we have shown that loss of PARN affects
oogenesis in zebrafish and parn null mutant zebrafish,
though develop normally as viable and fertile adults, turning
out to be only males.13 To further understand the molecular
basis of the tissue-specific phenotype that we observed in
zebrafish, in the present study, we systematically examined
the expression profiles of germ cell-specific genes (dnd1,
dyrk1a, nanos1), ovary-associated genes (foxl2a, fancl,
nanos1, nanos2, cyp19ala, piwil1), testis-associated genes
(sox9a, dmrt1, hsf5, ar), and other gonad-associated genes
(brca2, cyp11c1, cyp17a1) in embryonic and adult stages of

parn null mutants. The results suggest that the loss of PARN
does not affect the germ cell differentiation at embryonic
stage (4 dpf) but affects the sexual differentiation that
happens at later stages (post 25 dpf) of development, partic-
ularly the process of oogenesis, which results in an all-male
phenotype in null mutants.

Materials and Methods

Zebrafish Husbandry and Rearing
Adult zebrafish (AB line) used in this studywereobtained from
amultilinking recirculatory rearing facilitywitha temperature
maintained at 28�0.5°C andwith a 14/10day/night cycle. The
process of mating and collection of fertilized eggs were as per
the standard protocols followed in zebrafish labs.13The animal
ethics approval was duly obtained before the commencement
of the study (NGSMIPS/IAEC/Nov-2019/154).

Identification of PARN Mutants through Genotyping
The PARN mutants, generated through the CRISPR/Cas9
gene-editing tool,13 were used in this study. The zygosity
of the fishes was determined through genotyping of deoxy-
ribonucleic acid (DNA) obtained from tail clips. The process
of tail clipping involved anesthetizing thefishes by 0.02%MS-
222 (Tricaine), transferring immediately onto a petri dish
using a plastic spoon, and clipping a part of the caudal fin
with a sterile blade. The clipped tail was immediately put
into lysis buffer containing 10mM tris HCl, 50mM KCl, 0.3%
tween20, 0.3% NP40, and 1mM ethylenediaminetetraacetic
acid, anddenatured at 98°C for 10minutes. Denaturationwas
followed by the addition of 2mg/mL proteinase K and
incubation of the sample at 55°C overnight. The next morn-
ing, the reaction was stopped by incubating the reaction
mixture at 98°C for 10minutes. The crudeDNA thus obtained
was diluted 1:5 and used as a template for polymerase chain
reaction (PCR) and the target region was amplified. The
sequence information of the PARN genotyping primers is
mentioned in the►Supplementary Table S1. Confirmation of
the zygosity status of the mutants was done by manual
analysis of the Sanger sequence of the PCR product.

Analysis of Sanger Sequencing Data
To check for 5 base pair del heterozygous/homozygous PARN
mutation, thesoftwarecalledPolyPeakParserwasused (http://
yosttools.genetics.utah.edu/PolyPeakParser/). This software
makes an alignment of the query to the wild-type sequence
and, in the process, it identifies the gaps in the sequence.

Gene Expression Analysis by Real-Time PCR
RNeasy Minikit (Qiagen, Germany) was used for total RNA
extraction from different tissues of adult parn mutants and
their wild-type siblings. In the case of embryos, RNA was

Conclusion Taken together, these results suggest that the loss of PARN does not
affect germ cell differentiation but affects the sexual differentiation that happens at
later stages of development, particularly the process of oogenesis, in zebrafish.
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Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various

sensory, motor, cognitive, and functional challenges, reduc-
ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
trol, speech, respiratory and heart functions, reading abilities
and cognition.2 Diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease, ataxia, and
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mediated DNS, neurological conditions, DNS, cerebral palsy, stroke, Parkinson’s
disease, multiple sclerosis, neurodegenerative conditions, ataxia, Alzheimer’s disease,
and multiple sclerosis with Boolean operators. All the full-text, English-written articles
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their experiment study design, only the review article was excluded.
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including, stroke, multiple sclerosis, Alzheimer’s disease, Parkinson’s disease, and
cerebral palsy. The results show significant differences in various outcome measures of
the included studies.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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extracted from the whole animal (day 4). The conversion of
RNA to complementary DNA (cDNA) was carried out using
commercial kits (PrimeScript 1st strand cDNA Synthesis Kit;
Takara, Japan). The expression level of genes involved in
gonad development in the mutants and their wild-type
siblings was carried out by quantitative real-time PCR
(QuantStudio3, Thermo Fisher Scientific, United States).
The expression levels were estimated by the DDCT relative
quantification method. The gene elfαwas used as an internal
control. The sequences of the primers are given in
►Supplementary Table S1.

Statistical Analysis
Microsoft Excel 2010 andGraphPad Prism8.4.3were used for
all statistical analysis. The experiments were carried out in
triplicates and a p-value of<0.05 was considered statisti-
cally significant.

Results

PARN Null Mutant Zebrafish Shows Deregulated
Expression of Genes Involved in Sex Determination
and Gonadal Maturation
Since PARN deficiency impacted oogenesis in zebrafish,14we
assessed the expression of genes involved in sex determina-
tion and gonadal maturation using gonadal tissues of parn
null mutant zebrafish by quantitative reverse transcriptase-
PCR and compared with that in heterozygous zebrafish
relative to their expression in the wild-type siblings. The
expression of gonad-associated genes was checked at two
developmental stages; embryonic stage (4 dpf) and adult
stage (120 dpf). While gonad tissues (ovary and testis) were
used in adults for total RNA extraction, thewhole animalwas
used for total RNA extraction in embryonic stages.

In adults, both testis-associated (hsf5, dmrt1, sox9a, ar)
and ovary-associated (foxl2, fancl, piwil1) genes were ana-
lyzed. The results indicated that loss of PARN resulted in
decreased expression of all the testis-associated genes in the

nullmutant (PARN�/�) and heterozygous (PARNþ/�) zebrafish
compared towild-type zebrafish (PARNþ/þ) except for ar that
showed no significant difference between the wild-type and
the heterozygous mutant zebrafish (►Fig. 1A).

However, in the case of ovary-associated genes, since the
null mutant zebrafish did not develop ovaries, only PARNþ/�

was compared to that of wild-type embryos. Among the
three genes tested, only foxl2a showed decreased mRNA
expression at statistically significant levels, while the other
two genes (fancl and piwil1) did not show any difference
(►Fig. 1B).

At the embryonic stage, two maternally expressed germ
cell-specific genes (dyrk1a, nanos1) showed decreased
expression in both null and heterozygousmutants compared
to the wild-type siblings, whereas the dnd1 transcript level
was almost the same as the wild-type (►Fig. 2A). However,
when compared between parn null and heterozygous
mutants, of the three genes checked, two genes namely
dnd1 and nanos1 did not show any difference in their
expression (►Fig. 2A). As shown in our earlier study,14

heterozygous mutants developed as normal males and
females, suggesting that loss of PARN has no effect on
germ cell differentiation. As for the ovary-associated genes
(foxl2, fancl, nanos1, nanos2, cyp19a1a) analyzed, three genes
(foxl2, fancl, and nanos2) showed an upregulation in both
null and heterozygousmutant zebrafish (►Fig. 2B). In case of
the other two genes, nanos1 showed a decreased expression
in both null and heterozygous mutants compared to the
wild-type embryos. However, there was no difference in
expression when compared between the PARN null and
heterozygous mutant zebrafish (►Fig. 2B). The expression
of cyp19a1a did not show any difference between the wild-
type, null, and heterozygous mutants (►Fig. 2B). Interest-
ingly, the expression of both the testis-associated genes
analyzed (sox9a, dmrt), was decreased in PARN null and
heterozygous mutants at a statistically significant level
when compared to the wild-type embryos (►Fig. 2C). In
addition, three more genes, namely, brca2, cyp17a1, and

Fig. 1 Relative expression of testis and ovary-associated genes in parn null (parn�/�) and heterozygous (parnþ/�) adults compared to their wild-
type (parnþ/þ) siblings, normalized to internal control elfα1 gene. Each histogram represents the expression of testis (A) and ovary (B)-specific
genes, calculated as fold change compared to the expression in wild-type. ���� indicates p<0.0001, ��� indicates p<0.005, � indicates
p< 0.05, ns indicates nonsignificant.
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cyp11c1 that play an important role in the development of
both male and female zebrafish were also analyzed and
the expression of all these three genes was significantly
decreased in parn null and heterozygous mutants, compared
to the wild-type siblings (►Fig. 2D). Taken together, these
results suggest that the loss of PARN might not affect germ
cell differentiation but it does affect the sexual differentia-
tion that happens at later stages (> 25 dpf) of development.

Discussion and Conclusion

The canonical function of PARN is its ability to remove
adenosine residues in the 3′end of mature mRNA and hence
it is crucial for efficient functioning of the mRNA decay
pathway. However, several noncanonical functions of PARN
have now emerged including a role in ribosome biogenesis,
decay of noncoding RNAs,15 regulation of TP53,16,17 and
maintenance of telomere complex.18,19 Intriguingly, muta-
tions in PARN have been identified in several diseases that
manifest as telomere dysfunction and bone marrow fail-
ure.20–22 Thus, in order to completely understand the con-
ventional and emerging functions of PARN, loss-of-function
studies, ideally in multicellular animal models are necessary
to delineate the role of PARN in cellular processes.

Since the parn null mutants, described in our previous
study,14 showed a gonadal phenotype, in this study we
analyzed the transcript level of genes involved in sex deter-
mination and gonadal maturation at different stages of
development14,23–25 in parn null mutants. At the embryonic

stage, there was decreased expression of two of the three
germ cell-specific genes analyzed, in both parn null and
heterozygous mutants compared to their wild-type siblings,
but without any significant difference between the two
genotypes. In adult stages, as expected, the expression of
genes that jointly regulate the proper formation and function
of ovaries were downregulated in parn null mutants. Given
the fact that the parn null mutants are fertile males,14 the
decreased expression of genes involved in the differentiation
of testes suggests no effect on the maturation of the testis.

As seen in PARN null mutants, atm and fancl null zebrafish
also showan all-male phenotype ATP53-mediated apoptotic
pathway in the primordial germ cells and has been suggested
as the possible mechanism in these mutants. Interestingly,
an earlier cell line-based study from our group has shown
that the TP53 is downregulated in PARN-deficient condi-
tions.26 Thus, it seems unlikely that TP53 is responsible for
impaired oogenesis in zebrafish parn null mutants as seen in
atm and fancl null mutants. Decay of maternal mRNAs that
support early embryonic development is an important step
during the activation of zygotic transcription. Indeed, PARN
has been shown to be involved in inactivation of maternal
mRNAs in Xenopus.27 Thus, it is conceivable that PARN
deficiency leads to a defect in maternal mRNA decay, which
in turn delays the process of zygotic transcription, resulting
in deregulation in the process of gonad differentiation in
PARN null mutant zebrafish. Whole transcriptome-based
study at different time points during zebrafish development
would be required to support this hypothesis. Nevertheless,

Fig. 2 Relative expression of germ cell-specific, testis and ovary-associated genes in parn null (parn�/�) and heterozygous (parnþ/�) embryos
compared to their wild-type (parnþ/þ) siblings, normalized to internal control elfα1 gene. Each histogram represents the expression of germ cell-
associated genes (A), ovary-associated genes (B), and testis-associated genes (C), and other gonad-associated genes (D), calculated as
fold change compared to the expression in wild-type. ���� indicates p<0.0001.
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Introduction

The turnover of messenger ribonucleic acid (mRNA) in a cell
is a balance between its synthesis and its degradation, The
process mRNA degradation in eukaryotic cells requires a
systematic removal of the poly A tail called deadenylation.1

The poly(A)-specific RiboNuclease (PARN), a 74-kDa exonu-
clease belonging to the DEDD superfamily and first identified
from HeLa cells in 1991, is considered the most critical
enzyme in the process of deadenylation.2–4

In recent years, it has become evident that PARN has
multiple other roles in the cell, not just mRNA stock clear-
ing.5 PARN is involved in the maturation of H/ACA box
snoRNAs,6 a crucial member of the telomerase RNA (TERC)
complex, and these snoRNAs pseudouridylate rRNA as a part
of the process of rRNA processing and maturation. PARN
shows nucleolar localization,7 coprecipitates with pre-40S
particles, and participates in the processing of the 3′-end of
the human 18S rRNA.8 These observations point strongly to
its role in ribosome biogenesis. Further, the discovery of
mutations in PARN in diseases of telomere biology, particu-
larly those that affect hematopoiesis, has led to our under-
standing that defects in 3′end trimming of mRNA can impair
hematopoiesis, as shown in mice9 and zebrafish.10

Destabilization of maternal mRNAs is crucial for the acti-
vation of zygotic transcription. Indeed, a study on Xenopus has
revealed that PARN is responsible for maternal mRNA degra-
dation during oocyte maturation and embryogenesis.11

The process of sex determination and gonad development
in zebrafish is complex and it takes about 90 days postferti-
lization (dpf) for complete maturation of ovary and testis.
Zebrafish are born females and the first signs of an ovary-like
structure are seen as early as 10 dpf. The process of sex
differentiation occurs between 17 and 25 dpf where the
gonads remain bipotential. While half of the embryos main-
tain juvenile oogenesis, a number of gene networks work in a
coordinatedmanner to initiate the process of juvenile oocyte
apoptosis in the remaining half, leading to the “ovary to the
testis” gonadal transformation process and ultimately result-
ing in the formation of the testis. At 90 dpf, the ovary and the
testis are sexually differentiated.12

Previously, we have shown that loss of PARN affects
oogenesis in zebrafish and parn null mutant zebrafish,
though develop normally as viable and fertile adults, turning
out to be only males.13 To further understand the molecular
basis of the tissue-specific phenotype that we observed in
zebrafish, in the present study, we systematically examined
the expression profiles of germ cell-specific genes (dnd1,
dyrk1a, nanos1), ovary-associated genes (foxl2a, fancl,
nanos1, nanos2, cyp19ala, piwil1), testis-associated genes
(sox9a, dmrt1, hsf5, ar), and other gonad-associated genes
(brca2, cyp11c1, cyp17a1) in embryonic and adult stages of

parn null mutants. The results suggest that the loss of PARN
does not affect the germ cell differentiation at embryonic
stage (4 dpf) but affects the sexual differentiation that
happens at later stages (post 25 dpf) of development, partic-
ularly the process of oogenesis, which results in an all-male
phenotype in null mutants.

Materials and Methods

Zebrafish Husbandry and Rearing
Adult zebrafish (AB line) used in this studywereobtained from
amultilinking recirculatory rearing facilitywitha temperature
maintained at 28�0.5°C andwith a 14/10day/night cycle. The
process of mating and collection of fertilized eggs were as per
the standard protocols followed in zebrafish labs.13The animal
ethics approval was duly obtained before the commencement
of the study (NGSMIPS/IAEC/Nov-2019/154).

Identification of PARN Mutants through Genotyping
The PARN mutants, generated through the CRISPR/Cas9
gene-editing tool,13 were used in this study. The zygosity
of the fishes was determined through genotyping of deoxy-
ribonucleic acid (DNA) obtained from tail clips. The process
of tail clipping involved anesthetizing thefishes by 0.02%MS-
222 (Tricaine), transferring immediately onto a petri dish
using a plastic spoon, and clipping a part of the caudal fin
with a sterile blade. The clipped tail was immediately put
into lysis buffer containing 10mM tris HCl, 50mM KCl, 0.3%
tween20, 0.3% NP40, and 1mM ethylenediaminetetraacetic
acid, anddenatured at 98°C for 10minutes. Denaturationwas
followed by the addition of 2mg/mL proteinase K and
incubation of the sample at 55°C overnight. The next morn-
ing, the reaction was stopped by incubating the reaction
mixture at 98°C for 10minutes. The crudeDNA thus obtained
was diluted 1:5 and used as a template for polymerase chain
reaction (PCR) and the target region was amplified. The
sequence information of the PARN genotyping primers is
mentioned in the►Supplementary Table S1. Confirmation of
the zygosity status of the mutants was done by manual
analysis of the Sanger sequence of the PCR product.

Analysis of Sanger Sequencing Data
To check for 5 base pair del heterozygous/homozygous PARN
mutation, thesoftwarecalledPolyPeakParserwasused (http://
yosttools.genetics.utah.edu/PolyPeakParser/). This software
makes an alignment of the query to the wild-type sequence
and, in the process, it identifies the gaps in the sequence.

Gene Expression Analysis by Real-Time PCR
RNeasy Minikit (Qiagen, Germany) was used for total RNA
extraction from different tissues of adult parn mutants and
their wild-type siblings. In the case of embryos, RNA was

Conclusion Taken together, these results suggest that the loss of PARN does not
affect germ cell differentiation but affects the sexual differentiation that happens at
later stages of development, particularly the process of oogenesis, in zebrafish.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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extracted from the whole animal (day 4). The conversion of
RNA to complementary DNA (cDNA) was carried out using
commercial kits (PrimeScript 1st strand cDNA Synthesis Kit;
Takara, Japan). The expression level of genes involved in
gonad development in the mutants and their wild-type
siblings was carried out by quantitative real-time PCR
(QuantStudio3, Thermo Fisher Scientific, United States).
The expression levels were estimated by the DDCT relative
quantification method. The gene elfαwas used as an internal
control. The sequences of the primers are given in
►Supplementary Table S1.

Statistical Analysis
Microsoft Excel 2010 andGraphPad Prism8.4.3were used for
all statistical analysis. The experiments were carried out in
triplicates and a p-value of<0.05 was considered statisti-
cally significant.

Results

PARN Null Mutant Zebrafish Shows Deregulated
Expression of Genes Involved in Sex Determination
and Gonadal Maturation
Since PARN deficiency impacted oogenesis in zebrafish,14we
assessed the expression of genes involved in sex determina-
tion and gonadal maturation using gonadal tissues of parn
null mutant zebrafish by quantitative reverse transcriptase-
PCR and compared with that in heterozygous zebrafish
relative to their expression in the wild-type siblings. The
expression of gonad-associated genes was checked at two
developmental stages; embryonic stage (4 dpf) and adult
stage (120 dpf). While gonad tissues (ovary and testis) were
used in adults for total RNA extraction, thewhole animalwas
used for total RNA extraction in embryonic stages.

In adults, both testis-associated (hsf5, dmrt1, sox9a, ar)
and ovary-associated (foxl2, fancl, piwil1) genes were ana-
lyzed. The results indicated that loss of PARN resulted in
decreased expression of all the testis-associated genes in the

nullmutant (PARN�/�) and heterozygous (PARNþ/�) zebrafish
compared towild-type zebrafish (PARNþ/þ) except for ar that
showed no significant difference between the wild-type and
the heterozygous mutant zebrafish (►Fig. 1A).

However, in the case of ovary-associated genes, since the
null mutant zebrafish did not develop ovaries, only PARNþ/�

was compared to that of wild-type embryos. Among the
three genes tested, only foxl2a showed decreased mRNA
expression at statistically significant levels, while the other
two genes (fancl and piwil1) did not show any difference
(►Fig. 1B).

At the embryonic stage, two maternally expressed germ
cell-specific genes (dyrk1a, nanos1) showed decreased
expression in both null and heterozygousmutants compared
to the wild-type siblings, whereas the dnd1 transcript level
was almost the same as the wild-type (►Fig. 2A). However,
when compared between parn null and heterozygous
mutants, of the three genes checked, two genes namely
dnd1 and nanos1 did not show any difference in their
expression (►Fig. 2A). As shown in our earlier study,14

heterozygous mutants developed as normal males and
females, suggesting that loss of PARN has no effect on
germ cell differentiation. As for the ovary-associated genes
(foxl2, fancl, nanos1, nanos2, cyp19a1a) analyzed, three genes
(foxl2, fancl, and nanos2) showed an upregulation in both
null and heterozygousmutant zebrafish (►Fig. 2B). In case of
the other two genes, nanos1 showed a decreased expression
in both null and heterozygous mutants compared to the
wild-type embryos. However, there was no difference in
expression when compared between the PARN null and
heterozygous mutant zebrafish (►Fig. 2B). The expression
of cyp19a1a did not show any difference between the wild-
type, null, and heterozygous mutants (►Fig. 2B). Interest-
ingly, the expression of both the testis-associated genes
analyzed (sox9a, dmrt), was decreased in PARN null and
heterozygous mutants at a statistically significant level
when compared to the wild-type embryos (►Fig. 2C). In
addition, three more genes, namely, brca2, cyp17a1, and

Fig. 1 Relative expression of testis and ovary-associated genes in parn null (parn�/�) and heterozygous (parnþ/�) adults compared to their wild-
type (parnþ/þ) siblings, normalized to internal control elfα1 gene. Each histogram represents the expression of testis (A) and ovary (B)-specific
genes, calculated as fold change compared to the expression in wild-type. ���� indicates p<0.0001, ��� indicates p<0.005, � indicates
p< 0.05, ns indicates nonsignificant.
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cyp11c1 that play an important role in the development of
both male and female zebrafish were also analyzed and
the expression of all these three genes was significantly
decreased in parn null and heterozygous mutants, compared
to the wild-type siblings (►Fig. 2D). Taken together, these
results suggest that the loss of PARN might not affect germ
cell differentiation but it does affect the sexual differentia-
tion that happens at later stages (> 25 dpf) of development.

Discussion and Conclusion

The canonical function of PARN is its ability to remove
adenosine residues in the 3′end of mature mRNA and hence
it is crucial for efficient functioning of the mRNA decay
pathway. However, several noncanonical functions of PARN
have now emerged including a role in ribosome biogenesis,
decay of noncoding RNAs,15 regulation of TP53,16,17 and
maintenance of telomere complex.18,19 Intriguingly, muta-
tions in PARN have been identified in several diseases that
manifest as telomere dysfunction and bone marrow fail-
ure.20–22 Thus, in order to completely understand the con-
ventional and emerging functions of PARN, loss-of-function
studies, ideally in multicellular animal models are necessary
to delineate the role of PARN in cellular processes.

Since the parn null mutants, described in our previous
study,14 showed a gonadal phenotype, in this study we
analyzed the transcript level of genes involved in sex deter-
mination and gonadal maturation at different stages of
development14,23–25 in parn null mutants. At the embryonic

stage, there was decreased expression of two of the three
germ cell-specific genes analyzed, in both parn null and
heterozygous mutants compared to their wild-type siblings,
but without any significant difference between the two
genotypes. In adult stages, as expected, the expression of
genes that jointly regulate the proper formation and function
of ovaries were downregulated in parn null mutants. Given
the fact that the parn null mutants are fertile males,14 the
decreased expression of genes involved in the differentiation
of testes suggests no effect on the maturation of the testis.

As seen in PARN null mutants, atm and fancl null zebrafish
also showan all-male phenotype ATP53-mediated apoptotic
pathway in the primordial germ cells and has been suggested
as the possible mechanism in these mutants. Interestingly,
an earlier cell line-based study from our group has shown
that the TP53 is downregulated in PARN-deficient condi-
tions.26 Thus, it seems unlikely that TP53 is responsible for
impaired oogenesis in zebrafish parn null mutants as seen in
atm and fancl null mutants. Decay of maternal mRNAs that
support early embryonic development is an important step
during the activation of zygotic transcription. Indeed, PARN
has been shown to be involved in inactivation of maternal
mRNAs in Xenopus.27 Thus, it is conceivable that PARN
deficiency leads to a defect in maternal mRNA decay, which
in turn delays the process of zygotic transcription, resulting
in deregulation in the process of gonad differentiation in
PARN null mutant zebrafish. Whole transcriptome-based
study at different time points during zebrafish development
would be required to support this hypothesis. Nevertheless,

Fig. 2 Relative expression of germ cell-specific, testis and ovary-associated genes in parn null (parn�/�) and heterozygous (parnþ/�) embryos
compared to their wild-type (parnþ/þ) siblings, normalized to internal control elfα1 gene. Each histogram represents the expression of germ cell-
associated genes (A), ovary-associated genes (B), and testis-associated genes (C), and other gonad-associated genes (D), calculated as
fold change compared to the expression in wild-type. ���� indicates p<0.0001.
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Introduction

The turnover of messenger ribonucleic acid (mRNA) in a cell
is a balance between its synthesis and its degradation, The
process mRNA degradation in eukaryotic cells requires a
systematic removal of the poly A tail called deadenylation.1

The poly(A)-specific RiboNuclease (PARN), a 74-kDa exonu-
clease belonging to the DEDD superfamily and first identified
from HeLa cells in 1991, is considered the most critical
enzyme in the process of deadenylation.2–4

In recent years, it has become evident that PARN has
multiple other roles in the cell, not just mRNA stock clear-
ing.5 PARN is involved in the maturation of H/ACA box
snoRNAs,6 a crucial member of the telomerase RNA (TERC)
complex, and these snoRNAs pseudouridylate rRNA as a part
of the process of rRNA processing and maturation. PARN
shows nucleolar localization,7 coprecipitates with pre-40S
particles, and participates in the processing of the 3′-end of
the human 18S rRNA.8 These observations point strongly to
its role in ribosome biogenesis. Further, the discovery of
mutations in PARN in diseases of telomere biology, particu-
larly those that affect hematopoiesis, has led to our under-
standing that defects in 3′end trimming of mRNA can impair
hematopoiesis, as shown in mice9 and zebrafish.10

Destabilization of maternal mRNAs is crucial for the acti-
vation of zygotic transcription. Indeed, a study on Xenopus has
revealed that PARN is responsible for maternal mRNA degra-
dation during oocyte maturation and embryogenesis.11

The process of sex determination and gonad development
in zebrafish is complex and it takes about 90 days postferti-
lization (dpf) for complete maturation of ovary and testis.
Zebrafish are born females and the first signs of an ovary-like
structure are seen as early as 10 dpf. The process of sex
differentiation occurs between 17 and 25 dpf where the
gonads remain bipotential. While half of the embryos main-
tain juvenile oogenesis, a number of gene networks work in a
coordinatedmanner to initiate the process of juvenile oocyte
apoptosis in the remaining half, leading to the “ovary to the
testis” gonadal transformation process and ultimately result-
ing in the formation of the testis. At 90 dpf, the ovary and the
testis are sexually differentiated.12

Previously, we have shown that loss of PARN affects
oogenesis in zebrafish and parn null mutant zebrafish,
though develop normally as viable and fertile adults, turning
out to be only males.13 To further understand the molecular
basis of the tissue-specific phenotype that we observed in
zebrafish, in the present study, we systematically examined
the expression profiles of germ cell-specific genes (dnd1,
dyrk1a, nanos1), ovary-associated genes (foxl2a, fancl,
nanos1, nanos2, cyp19ala, piwil1), testis-associated genes
(sox9a, dmrt1, hsf5, ar), and other gonad-associated genes
(brca2, cyp11c1, cyp17a1) in embryonic and adult stages of

parn null mutants. The results suggest that the loss of PARN
does not affect the germ cell differentiation at embryonic
stage (4 dpf) but affects the sexual differentiation that
happens at later stages (post 25 dpf) of development, partic-
ularly the process of oogenesis, which results in an all-male
phenotype in null mutants.

Materials and Methods

Zebrafish Husbandry and Rearing
Adult zebrafish (AB line) used in this studywereobtained from
amultilinking recirculatory rearing facilitywitha temperature
maintained at 28�0.5°C andwith a 14/10day/night cycle. The
process of mating and collection of fertilized eggs were as per
the standard protocols followed in zebrafish labs.13The animal
ethics approval was duly obtained before the commencement
of the study (NGSMIPS/IAEC/Nov-2019/154).

Identification of PARN Mutants through Genotyping
The PARN mutants, generated through the CRISPR/Cas9
gene-editing tool,13 were used in this study. The zygosity
of the fishes was determined through genotyping of deoxy-
ribonucleic acid (DNA) obtained from tail clips. The process
of tail clipping involved anesthetizing thefishes by 0.02%MS-
222 (Tricaine), transferring immediately onto a petri dish
using a plastic spoon, and clipping a part of the caudal fin
with a sterile blade. The clipped tail was immediately put
into lysis buffer containing 10mM tris HCl, 50mM KCl, 0.3%
tween20, 0.3% NP40, and 1mM ethylenediaminetetraacetic
acid, anddenatured at 98°C for 10minutes. Denaturationwas
followed by the addition of 2mg/mL proteinase K and
incubation of the sample at 55°C overnight. The next morn-
ing, the reaction was stopped by incubating the reaction
mixture at 98°C for 10minutes. The crudeDNA thus obtained
was diluted 1:5 and used as a template for polymerase chain
reaction (PCR) and the target region was amplified. The
sequence information of the PARN genotyping primers is
mentioned in the►Supplementary Table S1. Confirmation of
the zygosity status of the mutants was done by manual
analysis of the Sanger sequence of the PCR product.

Analysis of Sanger Sequencing Data
To check for 5 base pair del heterozygous/homozygous PARN
mutation, thesoftwarecalledPolyPeakParserwasused (http://
yosttools.genetics.utah.edu/PolyPeakParser/). This software
makes an alignment of the query to the wild-type sequence
and, in the process, it identifies the gaps in the sequence.

Gene Expression Analysis by Real-Time PCR
RNeasy Minikit (Qiagen, Germany) was used for total RNA
extraction from different tissues of adult parn mutants and
their wild-type siblings. In the case of embryos, RNA was

Conclusion Taken together, these results suggest that the loss of PARN does not
affect germ cell differentiation but affects the sexual differentiation that happens at
later stages of development, particularly the process of oogenesis, in zebrafish.
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Introduction

Neurological conditions, both fatal and nonfatal, are signifi-
cant contributors to the global burden of communicable and
noncommunicable diseases.1 Disability-adjusted life years
serve as an important metric for evaluating the global
burden of neurological conditions, and their prevalence
continues to rise worldwide.1 Neurological conditions im-
pact the central nervous system such as nerves, brain, and
spinal cord. Individuals with these conditions face various

sensory, motor, cognitive, and functional challenges, reduc-
ing overall quality of life.1

Cerebrovascular accidents (CVAs)/stroke involve a sud-
den, focal interruption or obstruction in the cerebral blood
flow, leading to neurological deficit. The most common type
is ischemic typically caused by embolism or thrombosis.2

Neurodegenerative disorders influence balance, motor con-
trol, speech, respiratory and heart functions, reading abilities
and cognition.2 Diseases such as Alzheimer’s disease (AD),
Parkinson’s disease (PD), Huntington’s disease, ataxia, and
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Abstract Objective This updated review aims to identify the effectiveness of dynamic neuro-
muscular stabilization (DNS) techniques in neurological conditions.
Method A literature search was carried out from 2013 to 2024 on PubMed, Google
Scholar, Research Gate, and Scopus databases. Following keywords were used to
identify the relevant articles such as dynamic neuromuscular stabilization, reflex-
mediated DNS, neurological conditions, DNS, cerebral palsy, stroke, Parkinson’s
disease, multiple sclerosis, neurodegenerative conditions, ataxia, Alzheimer’s disease,
and multiple sclerosis with Boolean operators. All the full-text, English-written articles
based on inclusion and exclusion criteria were included in the review irrespective of
their experiment study design, only the review article was excluded.
Results This updated review included 10 articles related to neurological conditions
including, stroke, multiple sclerosis, Alzheimer’s disease, Parkinson’s disease, and
cerebral palsy. The results show significant differences in various outcome measures of
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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the results of this study suggest that PARN is important
during sex differentiation in zebrafish, and its deficiency
affects the process of sex differentiation, results in an all-
male phenotype in the null mutants. Disorders of sexual
development (DSDs) are congenital conditions that manifest
as atypical development of gonads and anatomical sex. It
would be interesting to see if PARN is mutated in DSDs and
whether it shows differential expression in these disorders.
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Introduction

The turnover of messenger ribonucleic acid (mRNA) in a cell
is a balance between its synthesis and its degradation, The
process mRNA degradation in eukaryotic cells requires a
systematic removal of the poly A tail called deadenylation.1

The poly(A)-specific RiboNuclease (PARN), a 74-kDa exonu-
clease belonging to the DEDD superfamily and first identified
from HeLa cells in 1991, is considered the most critical
enzyme in the process of deadenylation.2–4

In recent years, it has become evident that PARN has
multiple other roles in the cell, not just mRNA stock clear-
ing.5 PARN is involved in the maturation of H/ACA box
snoRNAs,6 a crucial member of the telomerase RNA (TERC)
complex, and these snoRNAs pseudouridylate rRNA as a part
of the process of rRNA processing and maturation. PARN
shows nucleolar localization,7 coprecipitates with pre-40S
particles, and participates in the processing of the 3′-end of
the human 18S rRNA.8 These observations point strongly to
its role in ribosome biogenesis. Further, the discovery of
mutations in PARN in diseases of telomere biology, particu-
larly those that affect hematopoiesis, has led to our under-
standing that defects in 3′end trimming of mRNA can impair
hematopoiesis, as shown in mice9 and zebrafish.10

Destabilization of maternal mRNAs is crucial for the acti-
vation of zygotic transcription. Indeed, a study on Xenopus has
revealed that PARN is responsible for maternal mRNA degra-
dation during oocyte maturation and embryogenesis.11

The process of sex determination and gonad development
in zebrafish is complex and it takes about 90 days postferti-
lization (dpf) for complete maturation of ovary and testis.
Zebrafish are born females and the first signs of an ovary-like
structure are seen as early as 10 dpf. The process of sex
differentiation occurs between 17 and 25 dpf where the
gonads remain bipotential. While half of the embryos main-
tain juvenile oogenesis, a number of gene networks work in a
coordinatedmanner to initiate the process of juvenile oocyte
apoptosis in the remaining half, leading to the “ovary to the
testis” gonadal transformation process and ultimately result-
ing in the formation of the testis. At 90 dpf, the ovary and the
testis are sexually differentiated.12

Previously, we have shown that loss of PARN affects
oogenesis in zebrafish and parn null mutant zebrafish,
though develop normally as viable and fertile adults, turning
out to be only males.13 To further understand the molecular
basis of the tissue-specific phenotype that we observed in
zebrafish, in the present study, we systematically examined
the expression profiles of germ cell-specific genes (dnd1,
dyrk1a, nanos1), ovary-associated genes (foxl2a, fancl,
nanos1, nanos2, cyp19ala, piwil1), testis-associated genes
(sox9a, dmrt1, hsf5, ar), and other gonad-associated genes
(brca2, cyp11c1, cyp17a1) in embryonic and adult stages of

parn null mutants. The results suggest that the loss of PARN
does not affect the germ cell differentiation at embryonic
stage (4 dpf) but affects the sexual differentiation that
happens at later stages (post 25 dpf) of development, partic-
ularly the process of oogenesis, which results in an all-male
phenotype in null mutants.

Materials and Methods

Zebrafish Husbandry and Rearing
Adult zebrafish (AB line) used in this studywereobtained from
amultilinking recirculatory rearing facilitywitha temperature
maintained at 28�0.5°C andwith a 14/10day/night cycle. The
process of mating and collection of fertilized eggs were as per
the standard protocols followed in zebrafish labs.13The animal
ethics approval was duly obtained before the commencement
of the study (NGSMIPS/IAEC/Nov-2019/154).

Identification of PARN Mutants through Genotyping
The PARN mutants, generated through the CRISPR/Cas9
gene-editing tool,13 were used in this study. The zygosity
of the fishes was determined through genotyping of deoxy-
ribonucleic acid (DNA) obtained from tail clips. The process
of tail clipping involved anesthetizing thefishes by 0.02%MS-
222 (Tricaine), transferring immediately onto a petri dish
using a plastic spoon, and clipping a part of the caudal fin
with a sterile blade. The clipped tail was immediately put
into lysis buffer containing 10mM tris HCl, 50mM KCl, 0.3%
tween20, 0.3% NP40, and 1mM ethylenediaminetetraacetic
acid, anddenatured at 98°C for 10minutes. Denaturationwas
followed by the addition of 2mg/mL proteinase K and
incubation of the sample at 55°C overnight. The next morn-
ing, the reaction was stopped by incubating the reaction
mixture at 98°C for 10minutes. The crudeDNA thus obtained
was diluted 1:5 and used as a template for polymerase chain
reaction (PCR) and the target region was amplified. The
sequence information of the PARN genotyping primers is
mentioned in the►Supplementary Table S1. Confirmation of
the zygosity status of the mutants was done by manual
analysis of the Sanger sequence of the PCR product.

Analysis of Sanger Sequencing Data
To check for 5 base pair del heterozygous/homozygous PARN
mutation, thesoftwarecalledPolyPeakParserwasused (http://
yosttools.genetics.utah.edu/PolyPeakParser/). This software
makes an alignment of the query to the wild-type sequence
and, in the process, it identifies the gaps in the sequence.

Gene Expression Analysis by Real-Time PCR
RNeasy Minikit (Qiagen, Germany) was used for total RNA
extraction from different tissues of adult parn mutants and
their wild-type siblings. In the case of embryos, RNA was

Conclusion Taken together, these results suggest that the loss of PARN does not
affect germ cell differentiation but affects the sexual differentiation that happens at
later stages of development, particularly the process of oogenesis, in zebrafish.
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