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Telemedicine and telehealth solutions are witnessing a dramatic shift in the global healthcare sector at a time of
unprecedented technological advancements. These innovative approaches are changing the way healthcare is delivered,
increasing accessibility, efficacy, and patient-centeredness. Telemedicine has evolved as a powerful technique for
overcoming the geographic limits that have long prohibited patients from obtaining high-quality medical treatment.
Telemedicine allows patients and healthcare providers to connect without being physically separated, whether they are in
crowded cities or remote rural regions. This technical breakthrough has improved patient outcomes while also allowing for
the provision of emergency treatment during times of crisis and disaster. Patients may rapidly schedule online
consultations, obtain medical advice, and receive tailored treatment plans. This degree of ease encourages patients to
actively manage their health, strengthening the trust- and cooperation-based doctor-patient relationship. Telehealth
technologies play a critical role in improving healthcare accessible in areas with inadequate healthcare infrastructure.
Medical expertise may be extended to underserved areas using telemedicine platforms, allowing professionals to consult,
diagnose, and treat patients who would otherwise face major hurdles to timely medical care. Furthermore, telemedicine
programs have shown to be critical in delivering mental health care, particularly in areas where mental health resources are
few. The combination of telemedicine and telehealth technology has transformed the delivery of healthcare services.
Remote patient monitoring gadgets and wearable technology have enabled healthcare practitioners to continually monitor
their patients' health state, allowing them to discover possible issues early and respond proactively. Furthermore,
telemedicine has simplified medical record administration, improved care coordination, and reduced medical mistakes.
While the advantages of telemedicine solutions are obvious, difficulties remain. These include worries about data security,
privacy, and the need forregulatory frameworks to properly control telemedicine operations. Addressing these issues would
need the collaboration of governments, healthcare institutions, and technology suppliers. We can establish a safe
atmosphere for telehealth solutions to thrive by creating strong rules and quidelines. Telemedicine and telehealth have
emerged as viable options for addressing Pakistan's healthcare concerns. With arising population and restricted access to
medical facilities, these revolutionary technologies are reshaping the country's healthcare scene. Telemedicine connects
patients from rural and underprivileged locations with healthcare specialists via virtual consultations, allowing for quick
diagnosis and treatment suggestions[1]. Furthermore, telehealth efforts enable people to take an active role in their health
management by putting medical information and services at their fingertips. Despite certain infrastructure and regulatory
difficulties, the use of telemedicine and telehealth in Pakistan has enormous potential to improve healthcare access and
patientoutcomesacrossthe country.

REFERENCES

[11 Malik AZ. Telemedicine country report-Pakistan. 2007 9th International Conference on e-Health Networking,
Applicationand Services. 2007 Jun: 90-94.
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Irisin, also known as Fibronectin type Ill, is a hormone that is secreted by muscle cells and was
first discovered in the muscles of a mouse in 2012. Irisin has a molecular weight of 23,231 KDa
and belongs to the domain containing 5 (FNDC5) family. It has been shown to have some very
beneficial effects in humans, such as thermoregulation and weight loss, and it is also secreted
by the muscles of humans when they exercise or work out. The gene symbol foririsin is FNDC5,
which represents the precursor of irisin. At the protein level, both FNDC5 and irisin have
characteristics that are similar, but FNDC5 is not appropriate in some situations. It is released
during physical activity and is linked to a variety of metabolic diseases such as obesity, type 2
diabetes, lipid metabolism, heart disease, NAFLD, PCOS, and metabolic diseases of the bones.
Irisin is not only responsible for the disorders, but it also has the potential to be used as a
biomarker for specific diseases. Humans and mice have both shown that myokine irisin
promotes the browning of white adipose tissues while simultaneously increasing
thermogenesis and energy expenditures. Irisin therapy reduces body weight while also
increasing brown fat-specific gene expression in the patient. Irisin increases the risk of type 2
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dr.khalil@uo.edu.pk
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diabetesandcancer.lIrisinlevels were found to be lowerin obese people who had NAFLD.

INTRODUCTION

Irisin is also given an additional name as Fibronectin type -
[Il domain containing 5 (FNDC5). It was discovered a few
years ago in 2012 in the muscles of mouse. Some very
beneficial effects have been reported in the humans like
thermoregulation and weight loss and is also secreted in
the muscles of humans during exercise. Irisin is yield on
cleavage of its originator Fibronectin type Il domain
containing5(FNDC5). The precursor FNDC5 weights about
23, 231 KDa. There is a difference in the KDa of
transmembrane and cellular FNDC5, the cellule FNDC5
have molecular weight of 23KDa that is smaller than
transmembrane having Molecular weight of 32 KDa. It has
been well conserved through evolutionary process in the
animals. Most of information about irisin has also been
seen as similar in FNDC5 like gene and homology etc. [1]. It

was reported that there is a protein that is formed by the
cleavage of FNDC5 that is found in the cells of skeletal
muscles. Browning of white fat is affected at a huge extent
by this protein. After some days of continuous exercise, a
huge increase in the volume of circulating irisin was also
observedinboth mice and humans[2]. The mineral density
of bones is related to serum concentrations of irisin [3].
Some pathological conditions like osteoarthritis is also
related to the lower serum concentrations of irisin [4].
Osteogenesiscanalsobeinducedbyirisin; bonelossthatis
caused by the estrogen deficiency can be resisted by the
deletionof FNDC gene.

Structure

Irisin mainly has three parts i.e., 29- amino acid signal
peptide, 94- amino acid single FN lll Fibronectin domain

PBMJ VOL. 6 Issue.7 July 2023 Copyright ® 2023. PBMJ, Published by Crosslinks International Publishers
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and C- terminal The insertion of irisin in human beings has
been reported as 50- amino acid N-terminal [5]. Basic
structureandactivity of irisinisshownin Figure 1.

FNDCS
N-glycans affect
- stabi of t
Q / (prelong protein half-life)
a "yt

proteolytic cleavage

irisin

Figure1: Showing the activity and the basic structure of irisin[6]
Origin of Irisinin the Human Body

The human FNDCb gene's start codon was altered, and cells
transfected with the mutant version of the gene translated
only 1 % of the full-length protein [7]. Many scientists
stated that translation of irisin is not started by a normal
start codon(AUG)ratherit is started by a manipulated start
codon (non-canonical start codon). Animals having dense
genetic arrangements like bacteria, fungi and mammalian
cells that are affected by the viruses have the non-
canonical start codons [8]. Non-canonical start codons
have a much lower translational rate than the AUG start
codon. The expression of proteins can be initiated by any of
six non-canonical start codons [9]. Kim discovered three
distinct FNDC5 transcripts with varying degrees of
expression in various human tissues [10]. This is the first
research to findirisin transcripts, and it will be the only one
for the foreseeable future. Recent research, however,
found that when employing all of the exons in these three
transcripts, the annotated transcripts were not amplified
[11]. Women suffering from osteoporosis have low serum
irisin level [12]. Older women with minimal trauma hip
fracture show lower serum irisin level and vice versa. For
normal bone functioningirisin level is important and those
having high hip density show highlevel of irisin[13]. In mice,
bone formation rate is increased using recombinant irisin
and it also alleviates the bone loss caused by ovariectomy
and inflammatory disease in gastrointestinal tract. Irisin is
sensitive to bone cells i.e. if a lower amount of irisin is
introduced then it only effects the bone cells without
browning of WAT[14]. Damage caused to bones because of
disuse can also be restored with irisin [15]. Colaianni
observed that differentiation of osteoblast promoted
through irisin by MAPK and WNT pathways. Recombinant
irisin act on osteoblast and activates 2 pathways i.e., P38
and ERK, the expression of ATF-4 increases and RUNX2
pathways activated [16]. The Wnt target genes activated
when B-catenine movesinnucleusfrom cytoplasm[17].

DOI: https://doi.org/10.54393/pbmj.v6i07.905

Synthesis, Release and Regulation of Irisin

The precursor FNDC5 of irisin is the gene symbol for irisin.
At protein level both FNDC5 and irisin show similarity in
their characteristics but in some cases is not suitable. The
generesponsible for the production of FNDC5islocated on
the chromosome 1 in humans. The mRNA of FNDC5 in
humans has 2099bp. The FNDC5 found in humans have 6
exons and 5 introns [18]. The transcriptional co-activator
peroxisome proliferator-activated receptor-y (PPAR y)and
the coactivator-1a(PGCla), activate the gene expression of
FNDC5. The cleavage and release of irisin is similar to the
cleavage and release of transmembrane polypeptides in
epidermal growth factor (EGF) and transforming growth
factor-a(TGF- a). The C-terminal moietyis glycosylated and
proteolytically cleaved to liberate the 112-aa hormone that
contains most of the FNIII repeat region and release the
hormone(Figure2)[19].

Prolonged Exercise

profeasome &

ISIY e

Exercise

Figure 2: Showing the synthesis and release of irisin from muscle
[20]

Irisin Detection Methods

Irisinis not only causing the disorders but can also be used
as a biomarker for definite diseases [21]. ELISA is an
antibody-antigen based detection method in human
research, it is frequently utilized because of its quick
detection speed, simple installation, and capacity to
examine a large number of samples[22]. The irisin levelin
young athletes is tested higher than other individuals[23].
Ruan et al., 2019 used both mass spectrometry and ELISA
kits to examine the irisin level in cerebrospinal fluid but
these kits failed to measure the irisin level in about 1/3" of
the sample while spectrometry measured it quantitatively
[24]. The molecular weight of irisin was first calculated as
22kDa. The weight of irisin has ranged from 22 to 34 kDa,
whereas the molecular weight was expected to be 12 kDa,
Schumacher reported that irisin act like a dimer and its
molecular weight by 24 kDa, which is not affected by
glycosylation[25].

PBMJ VOL. 6 Issue.7 JuIy 2023 Copyright ® 2023. PBMJ, Published by Crosslinks International Publishers
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Irisinin Metabolic Diseases

In both humans and mice, the myokine irisin promotes
browning of white adipose tissues while also increasing
thermogenesis and energy expenses. Irisin causes many
metabolic diseases like obesity, T2DM, lipid metabolism,
diseases related to heart, NAFLD, PCOS and metabolic
diseases of bone [26]. Irisin is the new health promoting
hormone because in human muscles, FNDC5 gene is
expressed during exercise and produces irisin. Irisin
causes browning of white fat that enhances the metabolic
uncoupling and increases the energy expenses. Two
pathwaysi.e. p38 mitogen-activated protein kinase (MPAK)
and extra cellular-signal regulated kinas(ERK)enhance this
metabolic uncoupling. The maturation of preadipocytes
into mature adipocytes decreases after the treatment of
irisin and the gene expression remain unaffected. The
MPAK and ERK-p38 pathways are triggered due to the
increase expression of UCP1 protein. Agetr cold exposure
the insulin-mediated glucose uptake of BAT rises ten times
more than WAT [23]. The earlier studies show that
expression and activity of PGC-la and irisin level is lower in
patients having T2DM. It was concluded that patients
suffering from T2DM have lower level of circulating irisin
thanthenormal persons[27].

Exercise

Skeletal
muscle

White
adipocyte
. : i White adipose tissue enriched
White adipose tissue with ectopi n adi "

Figure 3: Showingthe effect of irisin on adipose tissue[ 28]
Associationbetween SerumIrisin Level and Exercise
Bostrom and colleagues reported that after exercise of
about 10 weeks, the irisin level increases by 2 folds [29]. If
the mouse runs downhill the level of irisin was reported to
increases significantly but no change in the level of irisin
was reported in uphill running after exercise of two weeks
[30]. Changes that are induced by exercise are more
complicated in patients suffering from metabolic
disorders. In mice suffering from hyperthyroidism or
hypothyroidism serum irisin level can be increased even
after an acute exercise [31]. Huh reported that after 8
weeks of running there was no change in the serum irisin
level in humans [5]. In later studies, it was observed that
there is decrease in the level of serum irisin after a few

DOI: https://doi.org/10.54393/pbmj.v6i07.905

weeks of exercise[32].

Stimulation of Browning of White Adipocytes
Ability of animals to resist body fat gain is connected to the
quantity and activity of brown adipocytes. Some white
adipose tissue (WAT) depots are easily converted into a
"brown-like" state in particular circumstances, that is
linked to mass decrease [33]. Irisin stimulates browning of
WAT through unidentified mechanism. In mice,
Recombinant irisin reduced body mass and improved
glucose homeostasis [34]. Irisin increased the expression
of uncoupling protein-1. Irisin-induced activation of the p38
MAPK and ERK signaling pathways may be responsible for
thisimpact[35]. SB203580 and U0126 inhibition of the p38
MAPK and ERK inhibited upregulation of UCP-1 by irisin.
Irisin also increased the expression of betatrophin, a
recently discovered hormone that increases pancreatic 3-
cell proliferation and improves glucose tolerance [35].
Finally, our results show that irisin may help to reduce
obesityandtype 2 diabetesbyincreased expression of WAT
browning-specific genes through the p38 MAPK and ERK
pathways [36]. Obesity is by far the most common
metabolic disorder that occurs in the world [37]. Obesity
arises when a patient's calorie intake beyond their calorie
expenditure, and it is defined by a rise in fatty tissue [38].
Overweight persons are more likely to get type 2 diabetes
(T2DM) [39]. In terms of avoiding overweight, greater
energy consumption has appeared as a possible and
acceptable alternative [40]. While the exact mechanisms
that control calorie expenditure are unknown, adipocytes
play a very important role in mammalian energy balance
and nutrient fluxes. White fat tissue and brown fat tissue
are two kinds of adipose tissue that have received a lot of
attention [41]. Brown adipocytes burn energy, whilst white
adipocytes store it. Changes in BAT activity have been
shown in numerous studies to have a significant impact on
adaptive thermogenesis and glucose homeostasis [42].
Brown fat's thermogenic activity is primarily enabled by the
presence of UCP-1, a mitochondrion uncoupling protein
that decouples the electron transport chain from energy
production, allowing potential energy received fromfoodto
be released as heat [43]. The transcriptional factor PPAR
coactivator-1 (PGC-1), that can be stimulated by cold
contact and/or -adrenergic signaling, regulates the
expression of UCP-1[44]. In various lab animals, browning
of WAT compartments plays a protective role versus
nutrition metabolic diseases like as obesity and diabetes
[45]. It has 111 amino acids and a molecular weight of 22
kDa. PGC-1a and exercise have been shown to increase the
expression of FNDC5, a type | transmembrane protein
foundin skeletal muscle. Irisin thatis produced after Fndcb
is proteolyzed at amino acid positions 30 and 140. An
increased level of irisin by an adenoviral vector enhances

PBMJ VOL. 6 Issue.7 July 2023 Copyright ® 2023. PBMJ, Published by Crosslinks International Publishers
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complete body energy expenditure, causes minor weight
loss, and improves glucose intolerance in high fat-fed mice
[2]. The circulating level is mostly determined by age and
skeletal muscle mass, with irisin levels in young male
athletes are many times higher than in middle-aged obese
women [5]. When compared to non-diabetic control
participants, circulatingirisin is noticeably lower in people
with T2DM [27]. Furthermore, in chronic renal disease
patients [46], plasma irisin levels are inversely connected
with blood urea nitrogen levels and favorably connected
with aerobic actin heart failure patients. Irisin, like hepatic
fibroblast growth factor 21 [47] and cardiac natriuretic
peptides, can now be considered a secreted protein that
stimulates brown adipocyte thermogenesis[48]. However,
very little known about the molecular processes and
signaling pathways that irisin employs to produce the
active brown-like adipocyte phenotype. Li et al., in their
study, developed a productive technique for the synthesis
and purification of human recombinant irisin (r-irisin), and
administered the r-irisin to mice through intraperitoneal
injection. To better comprehend the fundamental
"browning” mechanisms, they used r-irisin to treat primary
adipocytes and 3T3-L1-derived adipocytes and looked at
how it impacted the browning of fat cells [49]. In line with
earlier research [50], their results showed that r-irisin
treatment reduces body mass, elevates brown fat-specific
gene expression in subcutaneous white adipose tissue,
and enhances glucose tolerance in vivo. In cell culture
assays, irisin increased the expression of genes related to
brown fat by activating the p38 MAPK and ERK pathways
[51].

T2DM

Adipocyte browning has been shown to be controlled by
irisin, although its effects on lipid and glucose metabolism
in T2DM remain mainly unclear. In diabetic mice Irisin's
involvement in glucose consumption and lipid metabolism
was examined. There was an increase in 18F-FDG
accumulationand GLUT4 translocation in diabetic skeletal
muscle when irisin was improved. Similarly, in myocytes,
irisin enhanced glucose absorption growninahigh glucose
medium. PEPCK and G6Pase inhibited by insulin in diabetic
liver [52]. Diabetes mice treated with irisin showed a
reduction in fat mass, total cholesterol serum, and
triglyceride levels, but a rise in acetyl coenzyme fat tissue
UCP1 expression and a carboxylase B-phosphorylation.
Myocytes' lipid acid oxidation was also enhanced by Irisin.
Irisin's effects on consumption of glucose and fatty acid -
oxidation in myocytes were reduced when AMPK was
repressed. In hepatocytes irisin effect reduced on PEPCK
and GBPase by the inhibition of AMPK by a specific inhibitor
[53]. By managing endoplasmic reticulum (ER) strain, irisin
can enhance hepatic glucose and lipid regulation. It also

DOI: https://doi.org/10.54393/pbmj.v6i07.905

boosts islet-cell activity and survival, therefore alleviating
hyperglycemia, hyperlipidemia, and insulin resistance. If
verified, irisin may decrease these defects in hepatic and
islet functioning, which efficiently reduce T2DM risk [54].
In hepatocytes, irisin inhibits lipogenesis induced by
palmitic acid and gluconeogenesis induced by
glucosamine, through the PRMT3 and PI3K/Akt pathways,
respectively[55]. In obese people with NAFLD, blood irisin
levels were lower, which was connected to content of
hepatic triglyceride. The islets of liver and the pancreas
play important roles in T2DM pathogenesis, and are
vulnerable to glucoli-potoxicity. The exact mechanism
from which irisin controls hepatic glucose and lipid
homeostasis as well as protects beside islet malfunction
anddeathisremainunknown[56].

Irisinand Cancer

Exercise has been shown to lower the risk of many forms of
cancer, prevent cancer progression, and have beneficial
and healing effects on cancer. Changes in physical
composition, hormone secretion, severe inflammatory
state, and the immunity have all been postulated as
potential moderators of exercise's anti-cancer benefits
[57]. Obesity enhances inflammatory markers (IL-6 and
TNF-), glucose intolerance, and adipokine productions,
which together favor cancer cell proliferation and survival,
whereas exercise has shown that anti-inflammatory
benefits by decreasing TNF- expression. Considering that
irisin has beenlinked to obesity, it makes sense thatit could
also be linked to cancer [58]. Increased irisin levels
reduced lung cancer cell production, capability, and
invasivenessviainfluencing the EMT, dramatically lowering
the EMT markers(N-cadherinand vimentin)while raising E-
cadherin expression. The Snail pathway, which is mediated
by the PI3K/Akt pathway, was associated to this reduction
in EMT. Irisin’'s effect on the PI3K pathway may also imply an
inhibiting effect, which may also explain why cancer cell
growth has reduced [59]. Irisin could be a new biomarker
for breast cancer detection. 90% risk of breast cancer is
reduced by increasing blood irisin level; whereas breast
cancer patient had much lower irisin serum levels than
healthy individuals. When the breast tumor cells are
exposed to irisin, the caspase-3/7 increases and NF-«B
movement suppressed thus cause the decrease in number
of tumor cells [60]. The impact of irisin was studied using
three different types of cells: non-malignant breast
epithelial cells, malignant breast epithelial cells, and
malignant aggressive breast epithelial cells. When
aggressive breast tumour cells were exposed to irisin,
there wasanincreasein caspase 3/7andareduction of NF-
KB. Irisin increases caspase 3 activation and apoptosis, as
well as the ability to fight cell death [61]. When the cells
were exposedtoirisin, there wasanincrease indoxorubicin
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(a chemical reagent that is highly effective in cancer
therapy) [62]. Irisin performs a protective role on bone
against the breast cancer. It protects from the metastasis
of breast cancer. Irisin and spinal irisin levels are inversely
linked, indicating [60]. In osteocarcinoma cells irisin was
able to inhibit the STAT3 pathway by reversing the IL-6-
induced by [63]. Irisin's capacity to suppress EMT,
capability, and growth of pancreatic cancer cell lines was
further demonstrated when AMPK pathway is activated.
Irisin suppresses the development of pancreatic cancer
cells via the AMPK-mTOR pathway. Irisin's capacity to aim
the AMPK pathway suggests that it may play a task in
decreasing growth and modifying cancer metabolism[64 ].
Furthermore, irisin can be employed to detect for renal
diagnosis of renal cancer, as irisin levels were significantly
greater in individuals having kidney tumors; irisin also
showed elevated particularly and sensitivity than other
studied biomarkers [45]. The vitality of prostate cancer
cells was lowered when different doses of irisin were
applied to them[65]. In glioblastoma cells, irisin triggered
G2/Mcellcycle arrest and elevated p21levels, inhibiting cell
proliferation. Furthermore, through upregulating TFPI-2,
irisin prevented glioblastoma cell invasion. Furthermore,
irisin inhibited cancer in xenograft glioblastoma cells, and
radiolabeled irisin revealed precise cancer cells-targeting
capabilitiesinvivo.

CONCLUSIONS

As a result, our study identified irisin as a potential
biochemical mechanism by which exercise reduces cancer
progression. Irisin has the chance of growing as a
molecularscanningand anticancer treatment drug.
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The present study is the first attempt to evaluate the hepatotoxicity induced by carbon
tetrachloride (CCl,)in experimental model. It poses a significant hazard to one's health. It is also
one of theleading sources of toxicityin critical organs such asthe lungs, kidneys, liver, and brain.
Objective: To assess the hepatotoxicity of carbon tetra chloride in albino rats. Methods: The
researchwas conducted at the Department of Zoology, University of Okara. The experiment was
conducted at the animal home of the Department of Zoology, University of Okara. There were
two groups created: a control group and an experimental group. The experimental group was
treated with CCl,. The rats were fed 30% diluted carbon tetrachloride with normal saline as a
controlgroup to test the harmful effect on the liver profile. This was accomplished througha12-
day trial. Sampling or dissection was done after 12 days. Rats were dissected, and their liver was
punctured to obtain a blood sample and organ collection. After sampling was taken by
puncturing the Rats' liver, the samples were examined by a machine called Micro-Lab 300.
Results: Histopathological studies also proved that the liver of rats was damaged. The
hepatotoxic dose of CCl, also raised the serum AST, ALP, ALT, and bilirubin levels. Total levels of
AST, ALP, ALT, and Bilirubin were higher than usual, indicating that CCl, has a toxic effect on the
liver profile of rats. Conclusions: This study suggested that CCl,induced toxicity inratliver.
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INTRODUCTION

Carbon tetrachloride (CCl,) is a chlorinated hydrocarbon
that is clear, colourless, volatile, and highly stable. Its
inhalation can cause kidney and liver degeneration and
central nervous system depression [1]. CCl, was first
synthesised in 1839 by the French chemist Henri Victor
Regnault by reacting chlorine and chloroform. Currently, it
is mainly produced from methane. Recently, it has been
widely used in fire extinguishers, as a precursor to
refrigerants, and as a cleaning agent [2]. Although it is a
common environmental pollutant, workers are at high risk
of exposure to high levels of CCl, through inhalation and
skin contact. On the other hand, the general population
may be exposed to low levels of CCl, through inhalation in
the atmospheric environment [3]. It is a well-known toxin
frequently used in pre-clinical experiments for xenobiotic-

induced hepatotoxicity. It induced hepatic damage in mice
[4]. CCl,-induced liver toxicity leads to necrosis and fatty
liver conditions, ultimately causing tissue injury. The
process is mediated by several underlying mechanisms,
including metabolic activation, generation of reactive free
radical metabolites, lipid peroxidation, covalent binding,
and disruption of calcium homeostasis [5]. Carbon
tetrachloride (CCl,) is known for its hepatotoxic effects,
causing severe liver damage such as necrosis and
steatosis. This is due to the release of free radicals,
including trichloromethyl (CCI3) and per oxy trichlo-
romethyl (O0CCI,) radicals, which produce lipid peroxides
that damage cellmembranes. It also alters enzyme activity
and plays a significant role in liver damage. CCl, is an
essential substance involved in tissue injury, and its
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mechanism of hepatotoxicity, especially in necrosis and
fatty liver, has been a challenging topic for researchers in
various fields for the past 50 years[6, 7]. According to the
World Health Organization (WHQO), carbon tetrachloride
causes hepatomas and hepatocellular carcinomas in mice
and rats. These harmful effects are caused by toxic
metabolites of CCl,, which are produced by reactions
catalysed by specific cytochrome enzymes suchas CYP2E1
and CPYJ3AA4. It should be noted that the doses required to
induce liver tumours are higher than those required to
induce cell toxicity [8]. Animal studies have indicated a
positive correlation between CYP2ET activity and the
extent of liver injury due to CCI, exposure. However, no
conclusive data exist on the relationship between CYP2ET1
or CYP3A4 activity and human toxicity. Administration of
CCl, changes liver tissue and causes an increased serum
hepatic marker enzyme activity, which is associated with
higher lipid peroxidation levels [9]. Carbon tetrachloride
(CCl,)is a potent toxic agent that affects multiple organs,
including the kidneys, testicles, brain, heart, lungs, and
especially the liver. It is a hepatotoxic solid with
nephrotoxic and prooxidant properties, making it a
commonly used agent to induce liver injury, hepatocellular
carcinoma, hepatic fibrosis/cirrhosis, chemical hepatitis,
renal failure, and nephrotoxicity in experimental animals
[10]. In rats, administration of CCl,-induced liver injury is
characterised by significant changes in serum hepatic
enzymes such as AST, ALT, and ALP, as well as changes in
liver function biomarkers, oxidant parameters, and
inflammation [11]. The study examined the effects of CCl,
on male albino rats, looking specifically at hepatotoxicity,
lipid peroxidation, and haematological changes. Results
revealedincreased alpha-fetoproteinlevelsand changesin
hepatic function biomarkers, such as increased levels of
transaminases (AST, ALT) [12]. CCl, is essential for
investigating the underlying mechanisms of hepatotoxic
effects, including fatty degeneration, fibrosis,
hepatocellular death, and carcinogenesis. Its ability to
damage hepatocytes is attributed to its similarity to the
oxygen gradient in the liver lobule in CCl,-induced injury.
Thus, making it a valuable tool for understanding liver
function and pathogenesis [13]. CCl,-induced
hepatotoxicity resulted in elevated plasma transaminase
levels and liver damage. Women showed greater
susceptibility to this form of liverinjury than men[14]. After
four weeks of CCIl, administration, significant changes
were observed in the liver. In the centrilobular area,
hepatocytes underwent necrotic changes with infiltration
of ceroid pigment-laden macrophages, causing
inflammation. This region also shows increased hepatic
stellate cells (HSCs) surrounding the central vein and
displaying enlarged nuclei. Fibrotic changes in the
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centrilobulararea were detected by reticulin and Sirius red
staining [15]. CCl, is a highly effective compound for
inducing hepatotoxicity in experimental rats and is
commonly used for this purpose because of its hepatotoxic
properties [16]. Because of its effectiveness, chemical
toxin-induced liver damage has been extensively studied
using animal models [17, 18]. When animals are injected
with CCl, in their peritoneal cavity, CCL; interacts with key
cellular molecules such as proteins, lipids, and nucleic
acids that are structurally and biologically important. This
interaction resultsin liver damage and dysfunctioning[19].
Twenty-four hours after CCl, injection, typical oxidative
stress-induced centrilobular necrotic acute liver injuries
were observed, including loss of body weight and
development of small nodules with a corresponding
increase in liver weight on gross examination with an
increase in serum AST and ALT levels and notable
deficiency of endogenous antioxidants and antioxidative
enzymes, with centrilobular necrosis, and oxidative stress
markers[20].

METHODS

CCl, was purchased freshly from a market. A 30%
concentrated solution of CCl, was prepared using distilled
water. The experimental model used in this study was the
male albino Wistar adult mice weighing about 180-200g.
They were purchased from a local market and were keptin
the animal house of the Department of Zoology, University
of Okara, approximately one week before the start of the
experiment. The mice were housed in four to five cages
under the standard conditions of 25-27°C, humidity
minimum of 44% under12 hours of light and dark. Rats were
nourished with rat feed containing 20% of protein along
with water available at the libitum. Rats were given CCL,
dosesinthe daytime. Doses can only be given once the rats
have attained a size of 30g for two weeks (Table 1). During
the experiment, the mice were placed randomly, five per
cage, divided into two groups, one of the control group and
the other of the experimental group. The animals were
randomly placed into 5 groups, with 3 rats in each group.
The control group in which non affected animals not
affected with CCl,-intoxication. The experimental group in
which the animals are operated with CCl, during solutions.
The solutions were prepared just at the beginning of the
experiment. The animals in the experimental group made
exposed to the model substance carbon tetrachloride by
oral consumption. Continuous for two weeks, given in day
time.

Tablel: List of Groups, Doses, Daysand Amount of Dose

Groups Doses DEVE Amount
Group 1 Normal Saline 12 Days Tml
Group 2 30 % CCl, 12 Days 200mag/kg
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The rats were euthanised with chloroform and weighed
before dissection. Blood samples were collected in
vacutainer tubes using 23 G1 syringes after a cardiac
puncture. Dissected out heart, liver, and brain were washed
with ice-cold saline. As for the requirements of tissue
homogenisation, weighed organs were stored at -20°C
after the dissection of 1x1 cm tissues was obtained. After
this, they were placed in a petri dish containing 0.9% saline
solution. For further processing, sections were placedin a
glass containing 10% formalin solution. Blood samples
were centrifuged for 15 minutes at 4°C at 10,000 rpm to
isolate the serum. The diagnostic kits were used to
estimate AST and ALT levels to analyse serum samples of
rats. Took 800 ul of reagent (R1) and 100ul of the sample.
Mixed and added 200ul reagent (R2) after 1 minute. Mixed
and read absorbance at 340nm after 1 min. Read
absorbance again after 1, 2, and 3 min. From the
absorbance reading, calculated AA/min and multiplied by
the corresponding factors (1745). AA/min x factor =ALAT
(GPT)activity[U/1].

RESULTS

CCl, is a toxic compound that exerts toxic effects on the
liver. The analysis showed that CCl, exposure disrupts
regular physiological features by disturbing the standard
values of ALP, AST, ALT, and bilirubin.

Table2: Mean comparison between the healthy and experimental
group

Healthy N=15 Diseased N=15

Total bilirubin .5200+0.6188 1.2640 £.04735
ALP 126.2000 + 8.78212 153.40 + 3.17850
AST 15.4000 +1.21420 53.6+1.3876
ALT 16.4000 +1.36905 56.400 +1.526

The estimation level of bilirubin of the CCI, group (.5200 +
0.6188) is usually increased than the standard control
(1.2640 + 0.04735). The estimation level of ALP in serum
(126.200+8.78212)is typically increased to the control level
of (153.40 + 3.17850). The estimation level of AST in serum
(15.4000 +1.21420)is typically increased to the control level
of (563.6 + 1.3876). The estimation level of ALT in serum
(16.4000 + 1.36905) is generally increased to the control
level of (56 +1.526)(Table 2).
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Figure1: Mean Comparison of the Normal Group withthe Diseased Group

The treatment group's descriptive statistics at the
significant variation of (P>0.05)were done todetermine the
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mean and standard deviation of Bilirubin, ALP, AST, and
ALT. One sample t-test was applied to determine the
confidence interval of the mean difference of bilirubin,
ALP, AST,and ALT(Figure1, Table 3-5).

Table3: Descriptive statisticsvalues of Bilirubin, ALP, AST, ALT

N  Minimum Maximum Mean Std. Deviation
Bilirubin | 15 .98 1.53 1.2640 18337
ALP 15 133.00 168.00 153.4000 12.31027
AST 15 47.00 60.00 53.6000 5.38251
ALT 15 49.00 64.00 56.4000 5.91366

Table 4: One-Sample Test Show Mean, No of Bilirubin, ALP, AST,
ALP

N Mean Std. Deviation Std. Error Mean
Bilirubin 15 1.2640 18337 .04735
ALP 15 | 153.4000 12.31027 3.17850
AST 15 | 53.6000 5.38251 1.38976
ALT 15 | 56.4000 5.91366 1.562690
Table 5: Mean difference of Bilirubin, ALP, ALT, AST
Test Value=0
Sig. Mean 95% (f:g:figgfl;ce Interval
ta(ilze-d) Difference OFEIE BHIEIENce
Lower Upper
Bilirubin |26.697 .000 | 1.26400 1.1625 1.3655
ALP  |48.262| 14 | .000 | 153.40000 | 146.5828 160.2172
AST |38.568| 14 | .000 | 53.60000 50.6193 56.5807
ALT |36.938| 14 | .000 | 56.40000 53.1251 59.6749

At 0.05 significant level (.536%*), the value shows the
association between the ALP and ALP. At 0.05 significant
level (.613*), the value shows the correlation between the
AST and ALT. At 0.01 significant level (-.715**) value shows
the associationbetweenthe ASTand ALP(Table6).

Table 6: Correlation between Bilirubin, ALP, AST, and ALT

Bilirubin ~ ALP AST ALT

Pearson Correlation 1 .536* | .304 439
Bilirubin | Sig. (2-tailed) .040 27 102
N 15 15 15 15
Pearson Correlation| .536* 1 -.250 .613*
ALP Sig. (2-tailed) .040 .370 .015
N 15 15 15 15
Pearson Correlation| .304 -.250 1 -.715%*
AST Sig. (2-tailed) 27 370 .003
N 15 15 15 15
Pearson Correlation| .439 B13* | -.715%* 1
ALT Sig. (2-tailed) 102 .015 .003
N 15 15 15 15

DISCUSSION

CCl,is a toxic compound which exerts toxic effects on the
liver. The analysis shows that CCl, exposure disrupts
reqgular physiological features by disturbing the standard
values of ALP, AST, ALT, and Bilirubin. The chemical
industry commonly uses CCl,asan organic solvent, anditis
also well-documented as an experimental inducer of

PBMJ VOL. 6 Issue 7 July 2023 Copyright ® 2023. PBMJ, Published by Crosslinks International Publishers
[ This work is licensed under a Creative Commons Attribution 4.0 International License. 12




Hepatotoxicity Induced by Carbon Tetrachloride

Munir F and Khan AKM

hepatotoxicity. In this study, mice treated with CClI,
suffered damage to the hepatocyte membrane, releasing
hepatocyte cytosolic enzymes. This was evidenced by
significant increases in serum marker enzymes (AST, ALT,
and ALP) associated with acute liver damage. Elevated
serum levels of AST and ALT are specific markers and
showed acute liver damage, while elevated ALP levels
indicated hepatobiliary damage. ALT is the most specific
marker of liver damage, while AST is abundant in cardiac
muscle, kidney, testes, and skeletal muscle. ALP is
abundant in growing bone. Therefore, elevated serum
levels of these enzymes indicated disease affecting any
extrahepatic tissues [21]. Studies have indicated that CCl,
significantly affects ALT and AST serum levels. Elevation of
these liver enzymes can be attributed to acute hepatocyte
injuries caused by CCl, [22]. In assessing CCl,-induced
hepatotoxicity, serum AST, ALT, and ALP activity levels
were used as indices. CCl,-treated animals showed a
significant increase in serum AST, ALT, and ALP activity
levels compared to the standard group. This indicated that
hepatotoxicity induced by CCl, was evident in the animals
[23]. Elevated serum ALT and AST levels indicated severe
liver damage and were significantly higher in the CCl -
treated group than in the control group. This increase in
ALT and AST activities resulted from CCl, exposure [24].
Control animals treated with CCl, exhibited a significant
elevation in ALP levels. This finding was consistent with a
study by Prakash and colleagues[25]. Serum levels of ALT
and AST were measured and found to be significantly
elevated after CCI, injection. Furthermore, the
concentration of both ALT and AST peaked after injecting
CCl,[26]. Elevated levels of ALT and AST serum activities
and elevated bilirubin levels indicated early acute hepatic
damage. In cases of CCl,-induced hepatic cell injury, ALT
and AST serum activities are markedly elevated. In
contrast, bilirubin levels are elevated within 24 hours of
treatment—these biochemical markers serve as essential
indicators for early detection of hepatic damage [23].
Acute hepatotoxicity was observeddue toincreased serum
AST and ALT activities by CCl,. Our study found a significant
reversal of AST and ALT level changes, consistent with
previous findings[27]. In response to administering a toxic
dose of CCl,, the control group of rats showed elevated
levels of serum transaminases, especially AST and ALT.
These are essential indicators of liver damage and function
[28].

CONCLUSIONS

The serum AST and ALT activity results from CCl,-induced
toxicity revealed significant increases in rats'livers. Serum
enzyme assay (AST, ALT, and ALP) results of albino Wistar
rats exposed to CCL,-induced hepatotoxicity showed
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significant differences, and the serum AST, ALT, and ALP
activity levels were significantly higher.
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Drug resistance affects the most effective anti-malarial medications, hence finding new,
unique bioactive compounds with stronganti-malarial activity is extremely desirable. Falcipain-
2 (2GHU) is a protease of plasmodium falciparum and considered as an important target to
design antimalarial drugs. Objective: To identify potential novel falcipan-2 inhibitor for effect
treatment of malaria. Methods: Molecular docking analysis was performed by using different
bioinformatic tools to check the interaction between the Alantolactone and Brevilin A and
falcipain-2 (2GHU). Results: Alantolactone and Brevilin A show a strong affinity to bind with
2GHU with binding energy values -7.2kcal/mol and -8.1kcal/mol respectively. Moreover, results
of ADMET and cytotoxicity analysis showed that bothinvestigated compounds strongly followed
the Lipinski rule of five for drug-likeness and are quite safe to be used as an antimalarial drug.
Conclusions: Both of the studied sesquiterpene lactones may inhibit falcipain-2, according to
the results of our molecular docking study, but Brevilin A is predicted to be the most effective
inhibitor because it forms strong hydrogen bonds with the protein'samino acid residues and has
lower values for binding energy and inhibition constant. Therefore, new anti-malarial
medications can be created from these two bioactive sesquiterpene lactone molecules to
overcome theresistance of plasmodium falciparumagainst already clinically approved drugs.

INTRODUCTION

Malaria is a well-known parasitic infection throughout the
world. As it has been almost eradicated from temperate
regions, many travelers from temperate zone each year
visited tropical areas, where still malaria exists as a major
cause of morbidity. Eukaryotic single-celled
microorganisms of the genus Plasmodium are malarial
parasites. Only four parasitic species of the genus
Plasmodium including, Plasmodium falciparum,

Plasmodium vivax, Plasmodium ovale, and Plasmodium
malariae may infect people. Falciparum P.is the main cause
of malaria fatalities in young children in Africa and is the
agent of severe, potentially fatal malaria. By being bitten by
an infected female Anopheles mosquito, malaria is spread
[1]. Plasmodium falciparumis a protozoan parasite that kills
at least one million children each year. Simple malaria is
associated with periodic fevers and chill that mirror the
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intraerythrocytic cycle. Multiple additional diseases, such
as lactic acidosis, cerebral malaria (caused by infected
erythrocytes adhering to the brain's endothelium), and
severe anemia, are associated with severe malaria[2]. In
2010, malariais thought to have caused 216 millionillnesses
and 655,000 mortalities in 108 countries with a combined
population of about 3 billion people [3]. More than two
billion people, or more than 40% of the world's population,
is at risk of contracting malaria, and according to data
collected by the World Health Organization (WHO) between
1999and 2004, 1.1to 1.3 million people die from malariaeach
year globally. Sixty percent of Pakistan's 161 million
residents, or 95 million people, reside in areas where
malariais endemic[4]. Malariare-emerged as an epidemic
in the 1970s after being eradicated in the 1960s. In recent
years, floods that affected almost 20 million people in over
60 districts have contributed to an increase in malaria
cases [5]. The number of malaria cases reported
nationwide in 2008 was 2.6 million, with ayearly fatality rate
of 50,000 [4]. In 2010, the Eastern Mediterranean region
reported over a million microscopy-confirmed malaria
cases, 22% of which originated in Pakistan [4]. 50,000
people die from malaria-related causes each year in
Pakistan, despite the existence of a well-established
malaria control program, with 37% of cases reportedly
occurring in areas near the Iranian and Afghan borders[6].
All the symptoms and pathologies connected with malaria
are brought on by the asexual blood stage in which
parasites infect the mature red blood cell [2]. Possible
medications including Chloroquine and other related
Quinolones (such as Hydroxychloroquine), Quinine,
Primaquine, Mefloquine, Sulfonamides, and Artesunate &
Artemether(Artemisininanalogs)isusedto treat malariato
eliminate the parasite. But Plasmodium falciparum has
become immune to all these medications. By dissolving
erythrocyte proteins, most notably hemoglobin, Falcipain-
2 (FP-2), a papain-family (C1A) cysteine protease of
Plasmodium falciparum, greatly contributes to the
development of the illness in the host. As FP-2 and its
paralogs prevent parasite maturation, these proteins may
make interesting targets for the development of brand-
new anti-malarial drugs. The search for strong, focused,
and efficient FP-2 inhibitors has been slowed down by a
dearth of structural knowledge [7]. The plant has great
medicinal importance due to the presence of secondary
metabolites such as flavonoids, polyphenols,
sesquiterpene lactones, alkaloids, etc. [8-10].
Sesquiterpene lactones are a group of secondary
metabolites that are typical of the Compositae but
sporadic in other angiosperm groups and even in some
liverworts. Recent studies have proven that a prominent
structural component of sesquiterpene lactones is an
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unsaturated lactone group, which has anti-tumor,
cytotoxic, anti-microbial, and phytotoxic activities [11-15].
Drugdesigning, abranch of bioinformatics, uses molecular
docking, whichis the interaction of two or more molecules
to create a stable adduct. Based on the ligand and target's
binding properties, it can predict the three-dimensional
structure of any complex. Virtual screening,
bioremediation, drug discovery, protein de-orphaning,
prediction of binding sites (blind docking), protein-protein
interactions, mechanisms of enzymatic reactions, studies
of structure-function, and protein engineering are all
applications of molecular docking[16-18]. In our research,
we used molecular docking to work on two sesquiterpene
lactones; Alantolactone and Brevilin A, as falcipain-2
inhibitors to check whether they are effective anti-malarial
drugsornot.

METHODS

Here we applied Molecular Docking analysis to find the
interaction between falcipain-2 and two sesquiterpene
lactones; Alantolactone and Brevilin A. AutoDock vina 4.2.1
was used for analyzing protein-ligand interaction.
AutoDock mgl tool 1.5.6 and pyMOL2.4 were used for
obtaining PDBOT format of protein and ligand. Finally,
docking results were visualized by using Discovery Studio
visualizer 2.5 and Ligplot+ 4.5.3. Molecular Docking (MD)
involves the following steps. 1) Preparation of Protein
Molecule. 2) Preparation of Ligand. 3) Molecular Docking
protocol. 4) Visualization of Protein-Ligand complex. The
following steps involve the preparation of protein for MD.
The crystal structure of falcipain-2, with the PDB code of
2GHU at aresolution of 2.25 A, was obtained from the RCSB
PDB (https://www.rcsb.org/), the Research Collaboratory
for Structural Bioinformatics Protein Data Bank. The
structure was downloaded and saved in the protein data
bank file format(PDB). Afterward, the protein was prepared
by using "Autodock MGL tool (ADMGLT). Polar hydrogens
were added, Kollman charges were injected, and water
molecules were removed. Finally, the protein's PDB format
was changed to the PDBQT format. The following steps
involve the preparation of ligands for MD: The 3D crystal
structure of two sesquiterpene lactones; Structure-data
file (SDF) formats of alantolactone and brevilin A were
downloaded from the Pubchem database on an online
server (https://pubchem.ncbi.nlm.nih.gov/). For
educational purposes, ligands were first translated from
SDF format into PDB format using Pymol. Using ADVMGLT,
the PDB format of the acquired ligands was converted into
the PDBQOT format required for MD. Molecular docking
analysis of 2GHU with Alantolactone and Brevilin A was
done by using AutoDock 4.2.1. The grid box was prepared by
using 40 x 40 x 40 points in X, Y, and Z dimensions with
center 51.151, 7.351, and -28.801 via ADMGLT. The ligand-
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2GHU complex obtained because of MD was visualized by
using Discovery Studio Visualizer. The conformation that
had the lowest binding energy was considered the most
stable conformation of the ligand with respect to the
protein. In this work, medication similarity and ADMET
(Absorption, Distribution, Metabolism, Excretion, and
Toxicity) profile were predicted using a pkCSM web server.
An open database server called pkCSM provides
information on the pharmacokinetics of medicines. Ligand
structures wereretrieved from PubChemand was analyzed
with pkCSMs. The toxicity ADMET module's server
databasewaschosentooperateon[19].

RESULTS

Biova Discovery Studio Visualizer (Free verison) was used
to examine the intricate interactions of the optimal
conformation. The interaction of falcipain-2 and
alantolactone showed that alantolactone showed
hydrophobic interactions with three amino acids of
falcipain-2; Pi-Sigma bond with TRP206 at a bond distance
of 3.691814, Alkyl bond with CYS42 at a bond distance of
4.70387A and Pi-Alkyl bond with HIS174 at a bond distance
of 5.28753A. For falcipain-2 and brevilin A interaction, we
found that brevilin A showed hydrogen bonding with two
amino acids of falcipain-2; ASN173 at a bond distance of
2.40334 A and TRP206 at a bond distance of 2.50892A as

mentionedin TableTand showninFigureland Figure 2.
Table 1: Binding affinities, Inhibition constant, and interacting
amino acid residues of 2GHU interacting with studied
Sesquiterpenelactones

Binding Inhibition Interacting Amino
Ligands Energy Constant Acid Residues
(Sesquiterpene A
_ Hydrophobic
Lactones) (kcal/mol) (uM) H-bonds . . ctions
TRP206
(3.69181A)
Alantolactone -7.2 5.205 - (4%\6%%&)
HIS174
(5.28753A)
( ASN173 | )
- 2.40334 A
Brevilin A -8.1 1.136 TRP206, -
(2.50892 A)

DOI: https://doi.org/10.54393/pbmj.v6i07.901

Asnlé

C d w Trp206
A

=
,

Cysa2

Figure 1: Alantolactone and 2GHUinteraction. (a) Output of
AutoDock Vina visualized by Discovery Studio Visualizer shows
the interaction of binding-site residues of chain A of 2GHU with
Alantolactone. (b) Stick model showing Donor and acceptor
regions of 2GHU interacting with Ligand (Pink color indicating H-
bond donor region and green color indicating H-bond acceptor
region of 2GHU).(c) Two-dimensional diagram showing the type of
interaction formed between 2GHU and Alantolactone (the purple
dotted line is representing the Pi-Sigma bond formed between
TRP206 residue of 2GHU and Alantolactone, one light pink dotted
line indicating Alkyl bond formed between CYS42 residue of 2GHU
and Alantolactone, other light pink dotted line indicating Pi-Alkyl
bond formed between HIS174 residue of 2GHU and Alantolactone.
(d) Ligplot analysis of 2GHU -Alantolactone interaction mediated
by the hydrophobic interactions (Hydrophobic interactions are
shown by an arc with spokes pointing towards the ligand they are
interacting with and interacting atoms of ligand with spokes
radiatingback)

Figure 2: Brevilin A and 2GHU interaction. (a) Output of AutoDock
Vina visualized by Discovery Studio Visualizer shows the
interaction of binding-site residues of chain A of 2GHU with
Brevilin A. (b) Stick model showing Donor and acceptor regions of
2GHU interacting with Ligand (Pink color indicating H-bond donor
region and green color indicating H-bond acceptor region of
2GHU). (c) Two-dimensional diagram showing the type of
interaction formed between 2GHU and Brevilin A (the green
dotted lines are representing the hydrogen bonds formed
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between TRP206 and ASN173 residues of 2GHU and Brevilin A. (d)
Ligplot analysis of 2GHU -Brevilin A interaction mediated by the
hydrogen bonds (The hydrogen bond is represented by Green
amino acidresidue)

No matter how well a candidate molecule binds to the
receptor, if it is poorly absorbed or is eliminated from the
body too slowly, it is useless. Therefore, Lipinski's rule of
five was applied to forecast drug-likeness, which is always
necessary. Thisrule states that any ligand that satisfies the
criteria of molecular weight 500 Dalton, number of H-bond
acceptors 10, number of H-bond donors 5, and lipophilicity
expressed as logP 5 is regarded to be drug-like [19]. Our
both selected ligands obeyed this rule. Predicting human
pharmacokinetic qualities is crucial for the drug-designing
processsinceitaidsintheidentification and advancement
of potential candidate molecules for the clinic[19]. One of
the crucial steps for figuring out a drug's bioavailability
after oral administration is absorption in the small
intestine. It is important to note that sesquiterpene
lactones have intestinal absorbance values of more than
30%, indicating their ease of absorption. Additionally, both
compounds had water solubility (log S) greater than 5,
reflecting their solubility in water at 25 °C (Table 2)
(Muhammad et al., 2021). Our findings also demonstrated
that none of the compounds we chose are P-glycoprotein |
inhibitors, despite this being a crucial component of
pharmacokinetics research. Instead, they are P-
glycoprotein linhibitors. Therefore, it may be inferred that
these medications may act as secure and efficient
adjuvants to any pharmaceutical medication against
falcipain-2. The dosage of drug needed for even
distribution in blood and plasma is shown by the steady-
state volume of distribution (VDss). If Log VDss is less than
0.5, it is considered low; if it is larger than 0.45, it is
considered excessive. A higher VDss value indicates that
the medication is distributed more widely in the plasma
than in the tissue, while a lower VDss value indicates that
the drug has a weak ability to diffuse or cross the cell
membrane [19]. Our results show that alantolatone has a
value near 0.45 and brevilin a has value of more than -0.5.
alantolactone can be good candidate in respect to
distribute uniformly in blood plasma (see Table 2). Drug
metabolizing enzymes can also have an impact on
pharmacokinetic interactions. The human body's key
detoxification enzyme, cytochrome P450, is found mostly
in the liver. The pharmacokinetics of medications that are
processed by these enzymes can be disturbed by any
changeintheiractivity. Cytochrome P2D6 and cytochrome
P3A4 are the two most significant isoforms of cytochrome
P450 [19]. Brevilin A does not inhibit these enzymes,
accordingto Table 2, and solely interferes with the CYP3A4
substrate. Therefore, it can be inferred that brevilin A is
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safe when used as an adjuvant with other medications.
Total clearance measures the amount of medication
removed from plasma or blood. Clearance (the process of
removing drugs) is produced by both the kidney and the
liver. Total clearance Log (CLtot) forecasts the sum of
hepatic and renal clearance. It is crucial to establish
steady-state concentrations by figuring out dosing rates
andisrelated to bioavailability. When the medicine is taken
attherightconcentrationandisbioavailable, asteady state
level isreached. The greater the CLtot value, the faster the
excretion process of the compound[19]. Table 2 shows the
total clearance values from which their rate of excretion
can be predicted. Moreover, it can be seen that brevilin Ais
not the substrate of renal 0CT2. Protein transporter OCT2
(organic cation transporter 2) is essential for renal
medication clearance. OCT2 substrates and OCT2
inhibitors can interact and cause negative effects [19].
Protein transporter OCT2 (organic cation transporter 2) is
essential for renal medication clearance. 0CT2 substrates
and OCT2 inhibitors can interact and cause negative
effects [19]. Table 2 reveals that both compounds do not
have mutagenic effects. Determining a medication's
capacity to cause liver damage is a crucial component of
drug development research. From Table 2, both
compoundsare not hepatotoxic.

Table 2: Selected ligands' ADMET analyses utilizing the pkCSM
online database server

ADMET parameters alantolactone Brevilina

Water solubility (log S) mol/L -3.993 -4.007
Intestinal absorption % 97.057 99.538

Absorbance
P-glycoprotein | inhibitor Yes Yes
P-glycoprotein Il inhibitor No No

Distribution |Log VDss(L/kg) 0.361 0.066

Metabolism [CYP2D6 substrate No No
CYP3A4 substrate Yes Yes
CYP2D6 inhibitor No No
CYP3A4 inhibitor Yes No

Total clearance (log ml/min/

1.076 1.174

Excretion |19
Renal OCT2 substrate Yes No
AMES No No
Toxicity {ﬂfg’nﬂg',i[]a,zlaey()’ose(h”ma”) 0.042 -0.081
Hepatotoxicity No No

LIPINSKY'Srule of fiveisarule designed to check the drug-
likeness of any compound before purposing it as a drug
molecule. Results of ADME analysis show that both
selected molecules strongly obeyed the LIPINSKY'S rule of
five without any violation as shown in Table 3. This
suggested that both molecules can be used as a drug
molecule againstany disease.
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Table 3: Druglinkess of Brevilin Aand Alantolactone

Standard ADMET values
Serial Number Values of ‘}OD:‘IBEL“";;:? for
LIPINSKY'S rule Alantolactone
H-bond donors not over 5 0 0
H-bond acceptors not over 10 5 2
Molecular weight less t?r?&wo 9| 346.42 g/mol | 232.32 g/mol
High lipophilicity LogP not over5 2.62 3.20
Molar refractivity range 40-130 93.47 67.95

DISCUSSION

The fundamentals of rational drug design involve using
structural information and understanding lignad-protein
attaching operations to investigate the possibility of
discovering novel therapeutic targets. Therefore, having a
thorough knowledge of the nature of recognitions and
interactions at the molecular level are also very important
because it will provide you insights into creating,
developing, and discovering new medications. For
investigating interactions and patterns of binding of
proteinsandligands, MDisawidely used computer method.
In the current investigation, MD was carried out using
AutoDock Vina, a grid-based method. According to the
docking analysis, the two sesquiterpene lactones under
study alantolactone and brevilin A have a strong potential
to attach to chain A of the 2GHU and thereby decrease its
function. To achieve better outcomes, the docking was
carried out three times. For each ligand and
macromolecule, the molecular docking yielded nine
postures, from which the optimal position was chosen
based on the affinities of the binding partners. That
protein-ligand complex is considered more stable whose
binding energy value is less. 2GHU strongly binds with
Brevilin A by making hydrogen bonds and with
Alantolactone by making hydrophobic interactions with a
binding affinity value of -8.1and -7.2 kcal/mol respectively
and inhibition constant(Ki)1.136 and 5.205uM respectively.
The Ki value reveals the amount of drug required to reach
the 50% inhibition. Wang et al., in 2014 screened 50 natural
compounds as an inhibitor of 2GHU, out of these 50
compounds, FP-2is shown to be moderately inhibited by 10
natural products with various scaffolds, with IC50 values
ranging from 3.18 to 68.19 uM[20]. These inhibitors can be
divided into three classes: caffeats (compounds 1, 2 and 8
having inhibition constant values 3.18, 3.77, and 53.12uM,
respectively), flavonoid glycosides (compounds 5, 6 and 10
having inhibition constant values 15.74, 17.13 and 68.19uM,
respectively) and flavonoids (compounds 3, 4, 7 and 9
having inhibition constant values 5.23, 9.12, 44.81 and
56.92uM, respectively)[8]. Out of these 10 compounds, not
a single compound has an inhibition constant value less
than that of our best-docked compound Brevilin A having
an inhibition constant value of 1.136uM. Only two
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compounds from caffeats (compounds 1 & 2) have
inhibition constant values more than that of our second
docked compound Alantolactone having an inhibition
constant value of 5.205uM. One of the sesquiterpene
lactones we have investigated, alantolactone, interacts
with 2GHU through hydrophobic interactions with the Pi-
Sigma residues TRP206, CYS42, and HIS174 at bond
distances of 3.69181A, 4.70387A, and 5.287534A,
respectively. Brevilin A interacts with 2GHU by making
hydrogen bonds with ASN173 and TRP206 residues at a
bond distance of 2.40334A and 2.50892A, respectively,
while other investigated sesquiterpene lactones do not
[14]. Findings of in silico study clearly show that both
studied sesquiterpene lactone compounds are proved to
be good inhibitors of falcipain-2. Among these two
compounds, Brevilin Aisthe bestinhibitor of falcipain-2.

CONCLUSIONS

Finding new anti-malarial medications is urgently needed
in light of Plasmodium falciparum's evolving resistance to
various anti-malarial medications. Falcipain-2 is crucial to
the parasite life cycle. In the current study, we used
molecular docking to study two sesquiterpene lactones,
alantolactone and brevilin A, as falcipain-2 inhibitors. As a
result of their interactions with several residues of 2GHU,
including TRP206, CYS42, HIS174, and ASN173, our findings
indicated that both of the compounds under consideration
might interact with the binding pocket of that molecule.
Alantolactone and Brevilin A's interactions with 2GHU
resulted in binding energies of -7.2 and -8.1 kcal/mol,
respectively. The binding energies of alantolactone and
brevilin A in association with 2GHU yielded inhibition
constant values of 5.205 and 1.136 M, respectively. Our
findings demonstrated the effectiveness of both
substances as potent falcipain-2 inhibitors, particularly
Brevilin A, which is anticipated to be the most effective
inhibitor of falcipain-2 among all the natural substances
investigated to date. These results should be validated by
additional in vivo and in vitro research before these two
bioactive sesquiterpene lactone compounds are turned
into brand-new anti-malarial medications.
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Folic acid, the significant vitamin used as supplementation during the third trimester of
pregnancy, if not provided in adequate amounts, can lead to chronic diseases. Neural tube
development requires folic acid during gastrulation, and its deficiency may lead to the
transformation of normal mucosa into a neoplastic condition. Objectives: To evaluate the
pregnant woman's complete blood count (CBC) during the third trimester of pregnancy.
Methods: Twenty-four(n=24)females were selected for the study during their third trimester of
pregnancy to assess their haematological profiles by taking folic acid as a supplement. A 3-cc
blood sample from the median cubital vein was taken from these females, immediately
transferred to yellow-capped vacutainers and stored in ice bags. The serum was separated by
centrifugation at 1000-2000 rpm for 2 minutes. The supernatant was separated as serum and
transferred into vials for diagnostic tests. Results: The study suggested that folic acid
significantly affects the woman's Complete Blood Count (CBC) profile. In short, folic acid raises
the values of CBC during the third trimester. Conclusions: Folic acid improves haematological
parametersduring pregnancy.

How to Cite:

Zafar, K.., Shahid, A. ., & Qadeer, I..(2023). Evaluating
the Hematological Profile of Pregnant Women and
the Role of Folic Acid Supplementation in the Third
Trimester: Role of Folic Acid Supplementationin the
Third Trimester. Pakistan BioMedical Journal, 6(07).
https://doi.org/10.54393/pbmj.v6i07.910

*Corresponding Author:
Kainaat Zafar
Institute of Molecular Biology and Biotechnology,

The University of Lahore, Lahore, Pakistan
kainatzafari8@gmail.com

Received Date: 4" July, 2023
Acceptance Date: 24" July2023
Published Date: 31% July, 2023

INTRODUCTION

Folicacid supplementation has beenan essential aspect of
prenatal and early pregnancy care worldwide for over two
centuries. This is because folic acid supplements have
been found to significantly reduce the risk of fetal neural
tube defects, which has been a tremendous public health
success story in many countries. The incidence of these
disorders has decreased significantly after the
introduction of food fortification with folic acid [1]. Folic
acid supplementation during pregnancy is a widely
recognised dietary intervention that protects against
neuraltube defectsandfetal developmentalabnormalities.
Folate deficiency during conception and pregnancy can
lead to abnormal growth, making maternal
supplementation a critical step to ensure healthy fetal

development[2]. Health authorities recommend folic acid
supplementation for conception purposes in all trimesters
at the onset of pregnancy [3]. In recent years, there has
been significant coverage of the relationship between folic
acid supplementation and the risk of neural tube defects
(NTDs) and other congenital disabilities sensitive to folic
acid. During gastrulation, which occurs in the third week of
pregnancy, the dorsal side of the fetus undergoes a
remarkable transformationinto the neural tube. The neural
tube is completely closed by day 28 after conception.
Women are given high doses of folic acid to develop the
neural tubes to achieve a high serum volume during
pregnancy. Researchers have examined the risk of neural
tube defects about polymorphisms in the gene methylene
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tetrahydrofolate reductase (MTHFR)[4]. MTHFR genotype,
particularly MTHFR TT, influences the risk of neural tube
defects by reducing folate concentrations [4]. The role of
elevated homocysteine (Hcy) levels and vascular
malformations as predictors of pre-eclampsia has been
extensively investigated. The primary purpose of the
prenatal brain is to control hypertension and prevent pre-
eclampsia [5]. The lack of essential food fortification
containing folate has raised concerns about cancer risks.
Studies have shown that high blood folate levels can lower
the risk of colon polyps or cancer. On the other hand, folate
deficiency may make normal mucosa more vulnerable to
neoplastic transformation [6]. Serum lactic
dehydrogenase is involved in adverse drug reactions
associated withfolate deficiency. Accordingto the findings
of Chanarin, Mullen and Anderson in 1958, increased
turnover of marrow cells can lead to folate deficiency [7].
Patients with megaloblastic anaemia showed elevated
lactate dehydrogenase levels in their plasma [8]. Folate
deficiency and excessive supplementation can lead to
sudden changesin both mother and offspring's methylome
and phenotypic characteristics. Maternal folic acid
supplementation has been found to affect the
development of asthma, cancer, insulinresistance, autism,
and behaviour/attention problems in children. Maternal
nutrition plays an important role both before and after
birth. Low intake of dietary folate or plasma folate levels
during the second trimester of pregnancy usually does not
affect birth size. However, low folic acid intake during early
pregnancy can hinder fetal brain development and lead to
hyperactivity and attention problems in childhood. High
levels of maternal plasma folate and serum vitamin B-12
have been associated with the development of atopic
dermatitis. Finally, serum lactate dehydrogenase activity
can indicate the severity of folate deficiency in
haematological diseases, which experienced increased
bone marrow activity[9]in pregnant women later in life. Of
those who choose to have it, about 5% experience
degenerative conditions, such as Crohn's disease. This
condition affects folic acid absorptionin the ileum, leading
to potential complications during pregnancy [4].
Imbalanced folate levels, too low or too high, can cause
epigenetic changes that raise concerns about potential
effects on the phenotype of both mother and offspring in
the short or long term [10]. High folate levels in the blood
are associated with alower risk of colon polyps and cancer.
However, when administered in the presence of neoplastic
foci, folic acid supplementation may induce colorectal
carcinogenesis. In contrast, folate deficiency has an
inhibitory effect overall[11].

METHODS

This observational study involved 24 women divided into
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two groups based on folic acid intake before and during
pregnancy. Group A included 10 women who took folic acid
reqularly during their pregnancy, while Group B included 14
women unaware of the importance of folic acid intake. All
participants were evaluated during their third trimester,
and their blood samples were analysed using CBC markers
todeterminedesired outcomes.

Table 1: Study design
Groups No. of Females Characteristics
Group A 10 Taking folic acid
Group B 14 Not taking folic acid
Total 24

All participants were requested to sign the consent forms
before blood sampling. A 3cc blood sample was taken from
the median cubital vein using a 5cc syringe, then
transferred immediately to the yellow-capped vacutainers
and stored in ice bags. The sample was centrifuged at
1000-2000 rpm for 2 minutes to isolate serum. The
supernatant was isolated as serum and then transferred to
vials for diagnostic tests. Serum was used to analyse
hemolytic profiles, including White Blood Cells(WBCs), Red
Blood Cells (RBCs), Platelets (PLT), Hemoglobin (Hb),
Hematocrit (HCT), Mean Platelet Volume (MPV),
Lymphocytes, and Granulocytes. Sysmex is an automated
and computerised haematology analyser designed for in
vitro diagnosis of clinical conditions. It can accurately
measure 17 haematological parameters like WBCs, RBCs,
Hb, HCT, and PLT, makingit avaluable tool for cliniciansand
laboratory professionals. Whole blood component testing
has revealed beneficial insights into various disease
states, including anaemia, leukaemia, allergic reactions,
and viral, bacterial, and parasitic infections. Platelets were
electronically assayed and sized using antibody detection.
Hematocrit (HCT) was measured as the ratio of total RBC
volume to whole blood using joint height detection, while
haemoglobin is converted to methemoglobin and read
photometrically at 555 nm. Statistical analysis was
performed on the data of 24 participants during their 3rd
trimester of pregnancy using the independent sample t-
test.

RESULTS

A descriptive analysis of WBC levels was observed among
the participants. The p-value (0.05) showed significant
results for WBC, and the Mean and SEM for WBC of Group B
participants came out to be 10.3993 + 1.09802 while
comparing the Group A participants with Group B
participants,asgivenin Table 2.

Table 1: Study design
Parameter Groups Mean + SE p-value
WBC Group A 10 5.9900 + 0.21367 0.05
Group B 14 10.3993 +1.09802
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The value of the Mean and SEM of white blood cells among
Group A people came out to be ~6.0000; among Group B
people, the value was between 10.0000-12.0000. The p-
value (0.05) showed significant results for Group B
lymphocytes, as shown in Table 3. The Mean and SEM for
lymphocytes were 2.2471+0.49386 while comparing Group
Awith Group B participants.

Table 3: Independent sample testresults forlymphocytes.

Parameter Groups Mean + SE p-value
G A 10 2.2000+ 0.00000
Lymphocytes roup 0.05
Group B 14 2.2471+£0.49386
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Table7:Independent sample testresultsfor HCT
Mean + SE
46.8400+0.16746
Group B 14 30.4993+1.54082

Parameter Groups
Group A 10

p-value

HCT

0.05

The p-value (0.05) showed significant results for
granulocytes in patients. The Mean and SEM for
granulocytes for Group B people were 6.7829+0.98279
while comparing Group Bwith Group A participantsas given
inTable 4.

Table 4: Independent sample testresults for granulocytes

Parameter Groups Mean + SE p-value
G A 10 4.6600+ 0.00000
Granulocytes roup 0.05
Group B 14 6.7829+0.98279

The Mean and SEM of HCT of Group A people ranged
between 40.0000-50.0000; in Group B, the value was
30.0000. The p-value (0.05) showed significant results for
PLT in Group B, as shown in Table 8. The Mean and SEM for
PLT were 227.0714+18.50615 while comparing the Group A
peoplewith Group B participants.
Table 8: Independent sample test results for platelets.
Mean * SE

252.8000 + 7.36025
227.0714+18.50615

Parameter Groups

p-value

Group A 10
Group B 14

Platelets 0.05

The value of the Mean and SEM of granulocytes for Group A
participants ranged between 4.0000-5.0000, and for
Group B, the value was between 6.0000-7.0000. The p-
value (0.05)showed significant results for RBCs among the
participants, as shown in Table 5. The Mean and SEM for
GRAwas 4.1957+0.10316 for Group B while comparing Group
Awith Group B participants.

Table5: Independent sample testresultsfor RBC

Parameter Groups Mean £ SE p-value
RBC Group A 10 4.6000+ 0.00000 0.05
Group B 14 4.1957+0.10316

The meanand seam of plateletsamong Group A people was
250.0000; in Group B, the value was between 200.0000-
250.0000. The p-value (0.05) showed significant Mean
Platelet Volume (MPV)results in Group B people. The Mean
and SEM for PLT were 8.5620 + 0.10653 while comparing
Group Awith GroupB.

Table 9: Independent sample test results for mean platelet
volume(MPV)

Mean * SE

8.5620 + 0.10653
227.0714+18.50615

Parameter Groups
Group A 10

p-value

Platelets 0.05

Group B 14

The value of the Mean and SEM of red blood cells among
Group A people was 4.6000, and in Group B, the value came
out to be 4.2000. The p-value (0.05) showed significant
results for RBC among Group B participants. The Mean and
SEM for haemoglobin were 10.7000+0.33725 while
comparing Group A with Group B participants, as given in
Table6.

Table6: Independent sample testresults for Haemoglobin

Parameter Groups Mean £ SE p-value
G A 10 14.9000+ 0.18014
Haemoglobin roup 0.05
Group B 14 10.7000+0.33725

The value of the Mean and SEM of haemoglobin among
Group A people ranged between 14.0000- 16.0000, and in
Group B, the value was between 10.0000-12.0000.The p-
value (0.05) showed significant results for HCT in Group B,
as given in Table 7. The Mean and SEM for HCT were
30.4993+1.54082 while comparing Group A with Group B
participants.

The value of Mean and SEM of mean platelet volume among
Group A people was between 8.4000-8.6000, and among
Group B participants, the value was between 8.4000-
8.6000,asgivenin Table9.

DISCUSSION

The above investigation wasintended to ponder the impact
of folic acid on the haematological profile and suggested
that folic acid significantly affects the CBC profile [12].
Determination of the blood folate and folic acid status
aimed at posting fortification. The results showed a
significant effect of folic acid on CBC, reducing the effect
of anaemia[13]. Taking folicacid supplementsisacommon
and helpful way to protect against neural tube defects and
support fetal development during pregnancy. Ensuring
adequate folate levels before and during pregnancy
prevents abnormal growth of the child[2]. The WBCs value
showed a significant effect of folic acid on CBC. The
primary function of folic acid is the formation of red and
white blood cellsin the body. With typical pregnancy, blood
volume grows, causing an affiliated hemodilution. With
pregnancy, plasma volume extends furthermore, causing
paleness. This outcome physiologically chopped down
haemoglobin (Hb), hematocrit (Hct), and RBC values. [14].
Past investigations proposed that genetic and
environmental factors added to the aetiology of extreme
introvertedness[15]. A previous study discovered 95 of the
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Increase in low density lipoprotein level and decrease in high density lipoprotein level result to
coronary artery disease. Metabolism of lipids regulated during host response to H. pylori
infection. Objective: To analyze the serum levels of lipid profile in H. pylori infected coronary
artery disease patients. Methods: It was a comparative Cross-Sectional study. This study was
done at the Department of Biochemistry, Peoples University of Medical Health Sciences for
Women(PUMHSW)from 1" July 2022 to 15" December 2022. A sample of 60 subjects was divided
into 2 groups. Group A (Control) comprised of 30 subjects and group B (cases) of 30 subjects. 5
mL of blood from each participant was collected under aseptic conditions. For the Lipid profile,
2mL of the blood was collectedin the Gel test tubes. A Spectrophotometer was used to perform
the lipid profile. For the data analyzes SPSS Version-22.0 was used. Results: In this study we
found that Helicobacter pyloripositive subjects have higherlevels of serum LDL.C, Triglycerides
andtotal cholesterol. The outcomes of present research showed that H. pyloriis associated with
lowlevel of HDL-C. The present study results shownan associationamong H. pyloriinfectionand
coronary artery possibility influence. Conclusions: We concluded in this study that serum levels
of lipid profile become worse in positive H. pyloriinfected patients as compared to the control
group participants which were negative H. pyloriwith coronary artery disease.

INTRODUCTION

H. pyloriisagram-negative bacterium, initially sequestered
in gastric mucosa by Marshall and Warren in 1983 [1]. H.
pylori had known to be the cause liable of maximum of the
cases of gastric mucosal damage. Mostly H. pyloriinfection
does not harm but most of times they are responsible for
stomach ulcer and also ulcer of small intestine [2].
Coronary artery disease progresses once the main blood
vessels come to be damaged or diseased. Cholesterol
comprising deposits in arteries and inflammation leads to

coronary artery disease[3].The relation of coronary artery
disease and H. pylori infection is based on 3 main
evidences. Microbial, pathological and epidemiological
mechanism of postulation [4]. There are many ways in
which infection organism introduce and enhances
atherosclerosis. This goes through protruding invasion
into vessels wall causing response of inflammation which
enhances macrophages, lymphocytes, cytokines
production and factors of tissue growth [5, 6].
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Lipopolysaccharides releases endotoxins due to systemic
effect of infection cause release of lipopolysaccharides
which ultimately damage to epithelium increase in
cytokines with enhancing inflammatory parameters and
stimulate procoagulants which leads to ischemia and
thrombosis which all predisposes towards coronary artery
disease [7]. Increase in low density lipoprotein level and
decreaseinhigh density lipoproteinlevel result to coronary
artery disease. Metabolism of lipids regulated during host
responseto H. pyloriinfection[8].Lipids show host defense
with lipoproteins for infectious particles like endotoxins.
Thisis mediated through cytokineslike TNF a, interleukin 6,
interleukin1 and interferon. Cytokines also decreases
lipoprotein lipase activity and clearance of triglycerides
andalsoincrease verylow-density lipoproteinlevels[9].

METHODS

This study was done at the Department of Biochemistry
Peoples University of Medical Health Sciences for Women
Nawabshah Shaheed Benazirabad (PUMHSW) from 1" July
2022 to 15" December 2022 along the cooperation with
Medicine OPD/Ward PMCH. The analysis of sample had
beendone at diagnostic and research laboratory PUMHSW,
Shaheed Benazirabad (SBA). Study design was
comparative cross sectional. Sample technique was non
probability purposive sampling. Both male and female
subjects were included in the study which were diagnosed
cases of Myocardial infarction from age 35 to 65 years with
H. pylori infection and coronary artery disease. The
patients with hepatic carcinoma, renal or hepatic failure
and using drugs that affect the H. pyloriwere excluded. The
sample size of study was based upon 60 subjects divided
into two groups. Group A (Control) comprised of 30
participants with H. pylorinegative coronary artery disease
and group B (Cases) comprised of 30 participants with H.
pylori positive coronary artery disease. We collected
complete medical data and pertinent information from
every subject through filling out a proforma. All
participants gave verbal and written agreement after being
informed about the study's purpose. Blood sample
collection was done by venipuncture of the participants. b5
mL of blood from each participant was taken under aseptic
conditions. For the Lipid profile, 2 mL of the blood was
collected in the Gel test tubes. The blood was centrifuged
for 10 minutes at 3500 rpm, fractionated, and conveyed to
eppendorf cups before being stored at -20°c until analysis.
The material was allowed to reach room temperature
before being utilized. A Spectrophotometer was used to
performthelipid profile. For the data analyzes SPSS Version
22.0 was used. Results were shown as mean and standard
deviation. Total cholesterol, HDL, LDL, TAG was performed
using spectrophotometer. Lipoproteins are fractioned,
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after centrifugation, the supernatant contains
chylomicron, which may be detected using the CHOD-PAP
assay and lipid clearing factor (LCF) while LDL and VLDL
were fractionated and precipitated by addition of
polyethylene glycol (PEG). This study had been approved by
the Review Committee of PUMHSW Nawabshah.
RESULTS

Total 60 cases of coronary artery disease were analyzed
and they were equally divided in to two groups. Group A, H.
pylori negative (n=30) and group B, H. pylori positive (n=30)
subjects. Table 1 shows the age distribution of the study
participants. Ingroup Athe mean age of study subjects was
46.7+5.7 years. In group B the mean age of study subjects
was 55.7+9.6 years. The other main finding of the study was
that the H. pylori positive subjects were older than the
negative subjects. There was statistically significant
difference of age between group A and group B subjects
showninTablel.

Table1: Distribution of Subjects Accordingto Agein Years n=60

Group A Group B

H. Pylori +Ve
55.7+9.6 16.51 0.03

t-value p-value

H. Pylori -Ve
46.7+5.7

The mean and standard deviation of lipid profile of study
groupsis showninTable 2. The mean triglycerides of group
A subjects was 177.5+77.25 while in group B the mean
triglycerides were 232.01£65.53. Subjects with H. pylori
positive have significant higher triglyceride
concentrations. In group A subjects the mean low-density
lipoproteins were 110.3+21.6 while in group B was
126.94+49.8. Low density lipoprotein concentration was
significantly lower in subjects with H. pylori negative
groups. The mean high-density lipoprotein level in group A
subjects was 43.4+10.11 while in group B the mean high-
density lipoprotein level was 40.3+11.76. Subjects with H.
pylori positive have insignificantly decreased high density
lipoproteins concentrations compared with control group.
The mean total cholesterol level in group A subjects was
165.35+31.40 while in group B total cholesterol level was
179.47+46.31. Subjects with H. pylori positive have
significantly higher total cholesterol concentrations
comparedwith controlgroup subjects.

Table 2: Comparison of Lipid Profile Variation in H. Pylori-Ve And
H. Pylori+Ve

LS H.Pyloni-Ve H.Pylonsve Pvalue
Triacylglycerol (mg/dl) | 177.52¢77.25 | 232.01:65.53 | 0.01
HDL-C (mg/dI) 4344101 | 40.3:1.76 | 0.69
LDL-C (mo/dI) 11031216 | 126.94+49.8 | 0.001
Total Cholesterol (mg/di) | 165.35¢31.40 | 179.47+46.31 | 0.02

DISCUSSION
In this study we found that Helicobacter pylori positive
subjects have higher levels of serum LDL.C, Triglycerides
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and total cholesterol. These results are supported by
Kucukazman et al., who found total cholesterol and LDL
concentrationsincreasedin H. pylori positive patients than
in negative H. pylori patients [10]. Similarly Sung et al., also
reported the increased levels of TG, TC and LDL but
decreased levels of HDL-Cin H. pyloriinfected patients[11].
The results of present study showed that H. pylori is
associated with low level of HDL-C. Hoffmesister et al., and
Takashima et al., demonstrated that H. pylori causes low
HDL-Clevel[12,13]. Theresults of present study consistent
tothe study done by Malekietal., who foundin his study that
there is a relationship in H. pylori infection and
cardiovascular diseases[14]. Higher occurrence of H. pylori
was found among CAD patients. When related to H. pylori
triglyceride levels were increased in positive than that in
negative cases, on the other hand HDL-C levels were in
positive cases. Shimamoto et al., estimated the
association between H. pyloriinfection and the serum lipid
profile revealed that H. pylori infection is positively
associated with LDL-C, TC, and TG and negatively
associated with HDL-C [15]. Findings of the current study
showed similar results. Guzman et al., reported that gastric
H. pylori infection does not have significant relation with
the presence of dyslipidemia [16]. The alteration of the
serum lipid profile was discreetly higher in the patients
infected by H. pylori but they were not statistically
significant. Hissun et al.,reported that the serum of level of
total cholesterol were significantly increased in group
which had H. pylori positive and coronary artery disease,
while in other group which had H. pylori positive without
coronary heart disease the serum levels of LDL was
significantlyincreased. Theseresultsareinconsistent with
the present study[17]. Nam et al., estimated increased low-
density lipoprotein (LDL) and decreased high-density
lipoprotein (HDL) than H. pylori-negative group which was
comparative to the present study[18]. Abdu et al., reported
that serum LDL levels were high in H. pylori positive
coronary artery disease patients as compared to the H.
pylori negative patients which was similar to the present
study findings [19]. The results of present study were
consistent to the study of Longo-Mbenza et al., who found
in his study that there is a relationship in H. pyloriinfection
and cardiovascular diseases[20].

CONCLUSIONS

The present study results shown a relation between H.
pylori infection and coronary artery risk factors. H. pylori
infection affects the development of cardiovascular
disease as it introduces the chronic long-term infection in
epithelium, which leads to locally and systematically
inflammation. H. pylori infection enhances the risk of
cardiovascular disease by decreasing the level of HDL
concentration and it may be understood as a risk factor of
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developingatherosclerosis.
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Poor water quality is a result of a variety of sources, including human, animal and industrial
wastes, by consuming such unhygienic water, thereisarisk of contractingwaterborne diseases
and infections. Objective: To explore impact of drinking water on health of people and related
waterborne diseases due to poor quality of drinking water. Methods: From March 2022 to June
2022, a cross-sectional study was carried out to assess the drinking water quality and any
concomitant health concerns. The areas with the highest illness ratios were selected using
convenient sampling technique. Total 277 participants both male and female participated in this
study. Multiple choice questions (MCQs) and rating questions on a Likert scale were the two
formats used in questionnaire. Results: According to survey area demographic data, 84.1% of
respondents were living in joint families, and 63.5% of respondents were male. However, the
respondents'literacy rate was below average. Motor pumps made up the majority of the water
supply(60.6%). The majority of participants(84.8%)firmly believed that the quality of the water
they consume has an impact on their health. The majority of respondents (56.3%) stated that
water-borne illnesses such cholera, typhus, and stomach ailments affected children in their
community. Conclusions: It was determined that the majority of the population reported higher
disease development and expressed dissatisfaction with the quality of their drinking water.
Also, education and economic conditions of a person can play an important role in health
managementand more access to better quality of drinking water.

INTRODUCTION

Pure water is very essential vital. liquid for continuation of
life on earth, around 97% water is occurring in sea(oceans)
which is not benefited for drinking purpose, only 03% is
(fresh) water ,2.97% which is covered by glacier and ice
capes. The residual slight share of 0.3 is accessible as a
surface and ground water [1]. Pure and harmless drinking
water is fundamental need of human being's health. Pure &
safe drinking water is too fundamental right of human's
beings. (Fresh) water now-a-days a limiting reserve in
maximum part of the world. In the next phase of century, it
will become scarce commodity as zig zag population,
urbanization and climate changeis being worst in the world
[2]. According to aresearch study, which holds the water's
sample of Pakistan's 34 urbane cities. This research
showed the result that the water samples are composed of

bacteria, viruses, and also showed some extremely
poisonous elements. 2, 000,000 people of Pakistan are
affected by drinking water (contaminated) and hygienic
conditions. In Pakistan nearly 4,000,000 infants, and
children died every year, due to drinking of polluted water
(waterborne pathogens), and poor hygienic and sanitations
conditions. Drinking water and poor hygienic conditions
leads to diseases rate of 50% and 30%deaths in the
country. The people who belong to slum urban areas have
been severely stimulated by polluted water (water borne
pathogens) as in Sargodha 1000 people affected by
diarrhea and typhoid and other stomach diseases [3].
However (TAZA) water assets are unequally and unevenly
circulated many areas of the (world) are facing enormously
lack of water. Safe and pure (PANI) is basic component of
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life and polluted and water borne pathogens are hazards to
humanism's life. As mankind human health based on the
supplies of pure, safe & satisfactory water approachable
and trustworthy water's drinking supplies. Safe and pure
water as well as hygienic and sanitation conditions
sustainability is becoming more difficult to achieve in 21"
century as boom of population is going on worst. The
conditionistoo serious because truthisthatin 1956, 67% of
the worldwide populace lived in to country side parts, 33%
in urban areas .1996 this transformed to 54% rural & 46 %
urbane. Thiswill lead in 2026 as 41% countrysideand 59% in
urban areas [4, 5]. According to latest study, diseases are
the major concern and problem, upsetting the well-being
worth and prestige illness by self is medicinal situation
which can't be separated by communal, racial, &
economics upbringings. Value of foods and drinking, foods
patterns, human life style, financial conditions also
approach to health centers these are entirely aspects have
an impact on the patterns and the intensity of diseases in
society [6]. Because of presence of various types of
pollutants (organic pollutants, inorganic pollutants,
pathogens, suspended solids, nutrients and agriculture
pollutants, thermal, radioactive, and other pollutants)
access to safe pure drinking water is lacking for most of
peoples/population in Pakistan. According to a research
report ratio of population who are unable to have access to
safe drinkable water raised from 38.3 million to 52.8 million
in ten years (2005 to 2015)[7, 8]. Deaths and disease ratio
(40 and 30%) occur due to contaminated drinking water
with industrial waste water and municipal sewage
according to an analysis. consequently, the assessment of
health risks brought on by environmental contamination by
pollutants hasrecently received considerable attention on
a global scale [3]. Presence of microorganisms (bacteria,
protozoa, and virus) in drinking water in developing
countries are cause of waterborne diseases (typhoid,
giardiasis, intestinal worms, diarrhea, cryptosporidium
infections, and gastroenteritis). It is also reason of death
(90%) of small children below age 5 in developing countries
like Pakistan each year. In Pakistan diarrhea a waterborne
disease due to infection of pathogen in drinking water is
basic reason of mortality in young childrenand infants[10].
Duetothe country's expanding population, excessive water
use is a result of household, agricultural, and industrial
demands. Water quality has declined and has become
dangerous and unfit for drinking as a result of widespread
discharge of untreated industrial and municipal waste
water in fresh water sources (streams, rivers, lakes, and
ponds). Water contamination issue is rising in Pakistan at
alarming rate due to excessive consumption of
pesticides/insecticidesandfertilizers[11].

Very few cities have been analyzed for quality check of
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drinking water in Pakistan. Limited data was available
about drinking water quality in district Sargodha. People
awareness should be assessed about quality control and
contamination of water. There was ominous need of
development of monitoring agencies and well-equipped
labs for quality check of drinkable water. Therefore, this
study was designed for determination of people's
awareness about water contamination and water borne
diseases.

METHODS

Across-sectional study was carried out from March 2022 to
June 2022, to assess the drinking water quality and
associated health concerns. The study was conducted in
three of the tehsils in the Sargodha District. This study
included a total of 277 individuals, both male and female.
Inclusion Criteria: Individuals of areas with low quality of
drinking water and high frequency of water borne diseases
for at least six months and were willing to participate in the
study. Exclusion criteria: individuals who were not willing to
be voluntary participants of the study. Data on water-
borne infections/diseases were collected from DHO
Sargodha (the district headquarters) and other health
facilities. The areas with the highest illness ratios were
selected using convenient sampling technique. The
questionnaire contained two types of questions: multiple
choice(MCQ)questionsand rating questions onafive-point
Likert scale(1=strongly disagree, 2=disagree, 3=no opinion,
4=agree, b=strongly agree). The five categories were
divided into three new groups with the labels agree,
disagree, and have no opinionin order to simplify statistical
analysis. SPSS software (Statistical Package for the Social
Sciences, version 23.0, IBM®) was used for the analysis
after the data were entered into Microsoft Excel. Through
Cronbach's alpha, the validity and reliability of the data
were assessed. Forallvariables, descriptive statisticswere
appliedusingfrequencyand percentage.

RESULTS

Cronbach's alpha (0.73), the reliability of the data is high
which indicates data is reliable. Demographic information
of the survey area revealed that 63.5 % respondents were
males (Table 1). Literacy rate cannot be considered up to
the mark as majority of the respondents were primary and
matric pass(70% and 65%) then FA, BA and MA 53%, 42 %
and 45 % respectively. Most of the respondents (84.1%)
respondentswerelivinginjoint family setup. Majority of the
respondents (55.6%) were earning their income on daily
wages basis and higher monthly income percentage was
59.6% within range of 31000-4500. Majority of the people
(78%)werelivingintheirown houses.
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Table1: Demographic characteristics of the participants

Parameters Participants Frequency (%)
Gender Male 176(63.5)
Female 101(36.5)
28-32 20(7.2)
33-37 41(14.8)
Age 38-42 30(10.8)
43-47 59(21.3)
48-52 41(14.8)
53 or above 86(31.0)
Illiterate 21)
Primary 70(25.4)
Education Matric 65(21.8)
F.A 53(19.6)
B.A 42(15.4)
M.A and above 45(16.8)
Family Type Joint 233(84.1)
Nuclear 44(15.9)
Regular 51(18.4)
Nature of job Contract 50(18.1)
Self-employed 22(7.9)
Daily wages 154(55.6)
16000-30000 18(6.5)
Monthly income 31000-45000 165(59.6)
(PKR) 46000-60000 47(17.0)
Any other 47(17.0)
Personal 216(78)
Residential status Onrent 15(5.4)
Govt. 46(16.6)

According to table 2 for water consumption 60.6 % of
population used electric pumps as main source of drinking
water. While, 19.5 %,19.1% and less than 1% of respondents
used water supply, hand pump and buy from market
respectively. When asked about which type of drinking
water they use, majority(57.8%)replied ground water, while
35% usedfiltered water as drinking source and lessthan 1%
consume bottledrinkable water

Table2: Sourceandtype of drinkingwater

Sources Frequency (%)

Hand Pump 53(19.1)

Motor Pump 168(60.6)

Drinking water Water Supply 54(19.5)
Buy from Market 2(0.7)

Total 277(100)
Bottled 2(0.7)
Type of drinking Filtered 97(35)

water Ground Water 160(57.8)
Stored Tank 18(6.5)

Total 277(100)

As shown in Figure 1. Percentage of stomach diseases
(64%) due to impurity of drinking water was quite high
followed by 16%, 15%, 4% and 1% typhus, cholera, skin
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problemsand otherinfectiousdiseasesrespectively.
Type Of Water Born Disease

[ Stomach disease

B Typhus
[ Skin problem

1%

4%

[ Infection disease
[ Cholera

Figure 1: Percentage of water borne diseases
As per table 3, drinking water has major impact on health
and health related issue in that area of district Sargodha,
95.7% of the respondents said that drinking water poor
quality is the major cause of water borne diseases. 84.8%
of the view that drinking water has direct impact on
people's health. 37.2% were agreed that diarrhea is major
disease due to poor quality of drinking water in their area.
56.3% of the respondents said that children in their area
suffered from water borne diseases due to drinking water.
72.6% were of the opinion that drinking water caused
stomach disease. Majority 40.1% have never testified
drinking water quality from laboratories. 22% of the
respondents said that there are not adequate sanitation
facilities in their area. The majority of participants (66.6%)
expressed dissatisfaction with the quality of the water they
weredrinking.
Table 3: People's perception about drinking water and its effects
onhealth
Sources Agree (%) No opinion (%) Disagree (%)
Drinking water is the major

cause of waterborne 265(95.7) 8(2.9) 4(1.4)
diseases in your area

Drinking water has direct

impact on one's health 235(84.8) 6(2.2) 36(13)
Diarrhea isacommon

disease in your area 103(37.2) 148(53.4) 26(9.3)
Typhus is a common disease

in your area 79(28.5) 137(49.5) 61(22)
children suffered from

different diseases related to | 156(56.3) N7(42.2) 4(1.4)
drinking water

Skin related diseases are

common due to drinking 28(10.1) 173(62.5) 76(27.4)
water

Drinking water cause

stomach diseases 201(72.6) 68(24.6) 8(2.8)
You ever testified water you

drink, from laboratories 40(14.4) 126(45.5) m(40.1)
Literate people are more

conscious about type of their| 213(77) 32(11.5) 32(11.2)

drinking water

You are used to visit a

6(2.2) 109(39.4) 162(58.5)

dietician frequently

PBMJ VOL. 6 Issue 7 July 2023 Copyright ® 2023. PBMJ, Published by Crosslinks International Publishers
[ This work is licensed under a Creative Commons Attribution 4.0 International License. 33




Impact of Drinking Water on People's Health

Yasmeen Q and Yasmeen S

Government health services

are easily available in your 59(21.3) 158(57) 60(21.6)
area

Government hospitals

provide satisfactory health 79(28.5) 124(44.8) 74(26.7)
services to patient

Healthy life style leads to

better health 97(35) 164(59.2) 16(5.8)
Adequate sanitations

facilities are available in slum| 53(19.1) 163(58.8) 81(22)
areas

Are you satisfied with quality

of drinking water? 34(12.3) 75(27.1) 168(60.6)

DISCUSSION

The Aim of this studyresearch wastoinvestigate, impact of
drinking water upon the health status of the people and
type of water borne diseases due to low quality drinking
water. The study finds out that the health of people is
affected by the type of water they use and the source of
water which is used for drinking water. Many
epidemiological researches and outburst inquiries have
also found link between poor water class and health
ilinesses[12,13]. The people who use ground water or hand
pump water are more vulnerable to diseases as compared
to others. In the Pakistan, for example, 19 outbreaks of
gastroenteritis with an infectious etiology connected with
drinking water were described in the 2-year period 2001-
2002 [14]. One of the objectives of the study was to
describe the impact of hygienic and sanitation conditions
onthe health of the people. The study finds out that people
havelessaccesstohygienicand sanitation conditions. Only
25% of the population in Pakistan has access to clean
drinking water, according to an analysis. It badly affects the
health of people by spreading water-borne pathogens and
resulting in water-borne diseases. In another study in
Rawalpindi and Islamabad fecal contamination and
pathogen were found in drinking water which indicate poor
hygiene and sanitation conditions[15]. The study also finds
out the people who had poor health had also less access to
proper sanitation facilities. The study gives an insight into
the impact of income level of the people onto their health.
The study finds that people with high income levels have
more and better approach to both, healthy Drinking water
and cleanness facilities. Income which is a financial
feature and have linked with diseases, illness and basic
health like other factors that influence to them and have a
direct link with fundamental health and illness. Poor
educational techniquesand skills, unhealthy residence and
highly nutrition prices in the setting of low and uneven
earnings creates bad health and illness [16]. Recent data
from Pakistan show unequivocally that there is still a need
to improve the availability of clean water and sanitary
facilities for both urban and rural populations, even in the
most remote places. It also emphasizes that drinking water
is frequently contaminated with Salmonella, E. coli,
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Enterobacter, and Clostridium, but that lack of general
public awarenessis also a big factorin people's poor health
[17 18]. In study area, Typhoid, cholera, gastro, abdominal
discomfort, are major water borne diseases which
respondents reported in their families. Our results were
consistent with a study in district Abbottabad, where
typhoid, stomach problems, skin infection, allergies and
diarrheal diseases were found due poor quality of drinking
water and sanitation conditions [19]. Similarly, in another
analysis in Karachi, Pakistan outbreak of diseases like
malaria, typhoid, diarrhea, helicobacter pylori were
identified as water borne diseases due to contaminationin
drinking water. The situation is made worse by quickly
expanding population and the general lack of knowledge
among the populace regarding clean drinking water.
Access to drugs and proper healthcare services is
hampered by historical socioeconomic inequality and
illiteracy[20].

CONCLUSIONS

According to the study, the type of drinking water, its low
quality, and its unsafe sanitation conditions have animpact
on people's health and are also the root of various water-
borne diseases that are serious threats to both adults and
children alike. A combination of economic, social,
ecological, and environmental factors affect health
standards, illness, and diseases. Asaresult, attention must
be paid to both enhancing health and preventing sickness.
The actions madein thisregard should take into account all
of the problem's aforementioned dimensions.
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Mucormycosis is a rapidly advancing and hazardous form of opportunistic infection usually
starts in nose and/or paranasal sinuses after inhaling fungal spores. This infection is caused by
Mucorales fungi which belong to the Zygomycetes class. The incidence of Mucormycosis is
approximately 1.7 cases in 1 million. They more frequently exist in rhinomaxillary area and is a
rare pulmonary disease of an opportunistic fungi, which is difficult to diagnose with an
unpredictable response to treatment. They usually appear in individuals with
immunocompromised states such as diabetes, long term use of corticosteroids,
immunosuppressive therapy for solid organ and hematopoietic cell transplantation, and
disorders like neutropenia are notably common risk factors. As a potential for relatively life-
threatening condition, the disorders warrantananticipatoryapproach. Wereporthereacase of
pulmonary mucormycosis in uncontrolled diabetes presented with bilateral cavitary lesions in
lungs that was first misdiagnosed as case of Pulmonary TB, later diagnosis was made on the
basis of results of bronchoscopic biopsy, and was started on amphotericin and followed up with
improvement of her symptoms.
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INTRODUCTION

Mucormycosisisanuncommon invasive fungal infection of
Mucorales class fungus, which is an order of filamentous
fungi of family Mucoraceae. It is much more non frequent
compared to other opportunistic infections like candida
and aspergillus. There are six most common reported
presentations of an infection of Mucormycosis including
rhino cerebral infection, pulmonary, cutaneous or
gastrointestinal infection as well as disseminated disease
and some ratherrare presentations[1]. Individuals who are
living with Type 2 Diabetes, neutropenia, systemic
administration of corticosteroids, chemotherapy,
hematological malignancies (i.e. leukemia and lymphoma)
are the frequent immunocompromised states in our setup
[2]. Pulmonary invasion of mucormycosis mainly results

from inhalation of sporangiospores of the fungi orin some
cases through hematogenous and/or lymphatic spread of
the microscopic organism. Presenting complains tend to
be nonspecific like cough, chest pain, dyspnea, fever and
hemoptysis[3]. It is somewhat difficult to make diagnosis
when the lungs are involved particularly when no reliable
serological test, PCR or skin tests exists for Mucormycosis.
Culture specimen of some other organism also does not
rule out the concurrent mucormycosis infection. When in
doubt, the clinician has to rely on histopathological
specimen from affected soft tissue to make the definite
diagnosis[4].

CASEREPORT

A 60-year-old female, came to outpatient clinic with the
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chief complaints of productive cough and hemoptysis,
significant weight loss for 4 months, generalized body
weakness and lethargy for 1 month. Her previous medical
historyincludes treated case of pulmonary tuberculosis on
clinical grounds and uncontrolled diabetes for five years,
her average fasting sugar levels were 342mg/dl and 3-
month sugars control report are 13.9% HBAIC and drug
history include noncompliance to oral hypoglycemic drugs
and insulin. Patient was vitally stable, admitted to
pulmonology ward for further proceedings. On General
Physical Examination she was pale and skinny, on Chest
examination there were crepitations in the right 4th to 6th
ICS and left 3rd and 4th ICS. Her CBC was requested which
revealed her hemoglobin to be 9.6gm/dl, platelets in range
of 590/L and total WBC count of 8700 cells/dl. Biochemical
investigations showed a BUN of 14.1mg/dl and creatinine
0.7mg/dl. Chest radiograph and CT chest contrast
demonstrated bilateral cavitary lesions with air fluid levels
in left upper lobe and right middle lobe suggestive of lung
abscesses (Figure 1 and Figure 2). Sputum workup was
done for microscopy and culture that came out to be
negative.

Figure 1: Shows bilateral lung abscesses
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Figure 2: Demonstration of bilateral lung abscesses in the
mediastinal window of CT chest

Bronchoscopy was performed that showed granulation
tissue and grey white mucoid material seen in lateral
segment of the right middle lobe blocking the airway
lumen, left bronchial tree appeared to be normal with no
sign of any endobronchial lesion or mucosal abnormalities,
(Figure 3).

Figure 3: Granulation tissue with grey white mucoid material seen
inlateralsegmentof rightlowerlobe

Bronchoalveolar lavage analysis showed inflammatory
cells and degeneration of lining though cytology came out
to be negative for any evidence of malignancy. Culture was
also performed on cells from lavage with negative growth
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after 5 days. Examination of AFB smear under light
microscope, gene Xpert, AFB culture; all came out to be
negative. Tissue sample were taken from lateral segment
of middle lobe and sent for the pathological examination.
Microscopic description showed bronchial mucosa in
abundant necrotic debris containing numerous broad
aseptate ribbon like fungal hyphae suggestive of
Mucormycosis. Tissue culture showed no growth. After
confirmation Amphotericin B 5mg/kg IV q24hr started and
followed up at 6 weeks with recovery of clinical symptoms
andradiologicimprovement.(Figure 4 and Figure5).

Figure 5: Follow-up chest X-ray shows dissolution of both
abscesses
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DISCUSSION

The present content reports the case of a middle aged
diabetic female presented with chief respiratory
complaints productive cough, dyspnea and weight loss
with bilateral cavitary lesions on imaging and was
misdiagnosed and treated as a case of pulmonary
Tuberculosis but no response to the treatment although
being compliant to it, admitted for bronchoscopic
diagnostic workup ,that confirmed the growth of
Mucorales thus was started on amphotericin and followed
up with improvement of her symptoms and radiological
improvements. Mucormycosis is the name given to group
of infections caused by a fungus belonging to the order of
Mucorales in taxonomic classification. It is highly invasive
and is associated with high mortality, with the most
common cause (65%) being Rhizopus [5]. Mucormycosis
occurs almost exclusively in diabetic or immuno-
compromised patients through inhalation of spores [6].
There is no evidence of the transmission of this organism
from person to person. Pulmonary symptoms are usually
nonspecific including but not always limited to cough,
chest pain, dyspneaand fever. Symptoms usually occur due
to endobronchial lesions, and complications related to
airway obstruction. Hemoptysis usually results from
vascular involvement and can sometimes be fatal [3].
Radiographically, a range of findings may be present and
are mostly nonspecific or withabnormal chest radiographs
resultare presentin>80% of patients[7]. The findings may
include nonspecific pulmonary infiltrates or nodules, and
cavitated lesions which appear as 'halo’ sign and Reversed
halo sign[9]. Cavitary lesions with or without air-crescent
signsareinfrequent. The air-crescent sign which appearin
almost 40% of the cases, generally portrays a poor
prognosis if surgical intervention is delayed [8]. Also,
cavitation may be more common in COVID-19 associated
mucormycosis [9]. The definitive diagnosis of
mucormycosis is dependent on histopathology and direct
microscopy as well as culturing the organism through
various clinical pathological and biopsy specimens.
However cellular identification through sputum or
Broncho-alveolar Lavage is unpredictable and cytology
samples may come out to be negative most of the times[ 10,
11]. Thus, the most common method used for diagnosis of
pulmonary mucormycosis is identification of
characteristic fungal hyphae through microscopic
examination of specimens obtained via flexible fiber-optic
bronchoscopy[12]. The hyphae appear broad, non-septate
filaments with branches at right angle on histopathological
identification. The differentiation can be made from
Aspergillus hyphae which shows regular, septate, and
acute angle branching [13]. Treatment options for
pulmonary mucormycosis involves a combination of
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various surgical expurgations of the involved tissues in
combination with antifungal therapy. However, in addition
to those, removal of predisposing factors for infection are
also necessary which may include strictly controlled blood
sugar levels, correction of metabolic acidosis,
administration of a chelating agent like deferoxamine, and
correction of immunosuppressive state due to therapy or
neutropenia etc. The antifungal agent; Amphotericin B in
lipid formulation given intravenously is the drug of choice
for initial therapy [14]. After the desired response is
obtained the step-down therapy is initiated in the form of
Posaconazole or Isavuconazole. In our case, we started the
patient on amphotericin B (1V) with a dose of 5mg/kg daily
alongside good control of sugars after which the scans
were repeated that showed resolution of cavitary lesions
with satisfactory control of symptoms.
CONCLUSIONS

Mucormycosis, though uncommon, is a serious infection
affecting predominantly immunocompromised
population. Non resolving Pneumonia and demonstration
of cavities/abscesses on chestimaging could giveaclue on
further evaluation of such invasive fungal infections rather
than predominant diseases like pulmonary tuberculosis in
our system. To ensure better prognostic outcomes early
diagnosis leading to prompt treatment that may include
surgery as well as antifungal agents could result in better
outcome and survival. Final diagnosis should be made on
pathologic evidence of the organism's septate hyphae in
damaged tissue after negative growth and culture of
sputum and BAL samples. The physician should always
have pulmonary Mucormycosis as his differentials in all the
patients presenting with non-specific chronic pulmonary
symptoms with negative cultures and carry out above
mentioned promising diagnostic methods to ensure
administration of correct treatment in the first
presentation in order to promote better management for
rare fungalinfectionsinour setup.
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