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‘ ABSTRACT ' Proline utilization A (PutA) from Bradyrhizobium japonicum (BjPutA) is a bifunctional flavoenzyme that catalyzes the

oxidation of proline to glutamate using fused proline dehydrogenase (PRODH) and Al-pyrroline-S-carboxylate

dehydu.»gruase (PSCDH) dumains. Recent crystal structures and kinetic
promoting substrate channeling of the intermediate PSC from the PRODH domain to the PSCD.
made along the channel in 2 effort 1o block passuge of PSC to the second active site. Analysis of several site-specific
channel of BjPutA revealed an important role for D779 in the channeling path.
overall PRODH-PSCDH channeling reaction indicating that bulky mutations at resi
Interestingly, D779Y and D779W also exhibited lower PSCDH activity, suggesting that exogs
D779. Replacing D779 with a simaller residue (D779A) had no effect on the catalytic and channeling prop
carbuny late group of D779 is not ¢ssential for channcling. An identical mutation at

Thus, D779 is oplimally orientated so that replacement with the larger side chains o
779 hinder passage of P5C to the second active site, but also PSC must use the

Kinetic data reveal not only that bulky mutations at residue D

channel to efficiently access the PSCDH domain. Moreuver, these mutants may be used to les

take place within the channel.

data suggest an inframolecular channel connects the two active sites,

H domain. In this work several mutations were
mutants in the substrate
BjPutA mutants D779Y and D779W significantly decreased the
due D779 impede travel of PSC through the channel.
wenaus PSC must enter the channel upsticam of
erties of BjPutA showing that the
D778 (D778Y) did not impact BjPutA channeling activity.
{ Tyr/Trp blocks PSC muvment through the chaonel. The

\m more about the hydrolysis event thatis thought to

( KEYWORDS : Proline utilization A, Kinetic Characterization, Bradyrhizobium japonicum.

'#5)

INTRODUCTION

Proline utilization A (PutA) catalyzes the conversion of proline to
e using two consecutive reactions. In the first step, proline
dehydrogenase (PRODH) usesa flavin cofactor as an electron acceptor
to remove two electrons from proline, resulting in Al-pyrroline-5-
carboxylate (P5C). P5C then undergees a non-enzymatic hydrolysis.
which opens the pyrroline ring to create glummalc-y-scnualdthydc

(GSA).

glutamat

for NAD+-dependent pymroline-5-carboxylute

GSA is a subshate
DH), where two additional elections are removed

Several physiological benefits of subsirate channeling versus free
diffusion have been identified. Chiefly, channeling decreases transit
time between active sites and prevents loss of intennediates by
diffusion, making the overall reaction more efficient. Thus, channeling
enzymes can operatc at maximum rates even if cellular substrate
concentrations are not at saturating levels. Also, labile intermediates
can be concealed from solvent to prevent decay or interaction with
other molecules. Finally, reaction intermediates from competing
reactions can be kept separate, whichdictates metabolic flux*.

As mentioned, a crystal structure of BjPutA revealed a tunnel

dchydrogenase (P5CI ) ! lele v
generaling glutamate. Proline and proline m: sm are impo to
all walks of life. For example, proline plays important rol:sl Iﬂ}dlﬂ;ﬂ:}:l

ori and H.

g pathogenicity of Helicobacter py’

production for procyclic trypanosemes, an
is in Photorhabdus and

pathogens includin;
hepalti\fus. ;:_n\trlg); olites linked to pathogenes!
saulation of metabolites " b
;‘(’::o:r:nbdus‘ In humans, inborn errurs in PRODH are linked to
schizophrenia. PRODH isalso regulated by p53 and has been shownto

suppress cancer 3
nctivnal enzyme in all Gram-pegative pncl.eria
and Coryncbacterium 3 A recent crystal structure of.'Bradyrhunb‘u.lm
japonicum PutA (BjPutA) revealed a tunnel conncclmg}hc two utuv,e
sites”. Structural and kinetic rcsult§ suggest P5CIGSA\f\cs t'he ch‘nnm,l
to travel from the PRODH activesileto the PSCDH active site, without
equilibrating with external solvent 1o 2 phenolmeuon called ‘s'uhs}l]rale
channeling’. Three different mechanisms of substrate channcling have
been identified in nature. The classic e}nlugle includes an
intramolecular channel connecting V0 active sites. Tryptophan
synthase remains the most slud'led enzyme using U\[s method of
channeling. A second mechanism for channeling ln\ol\is.Fhe
inteymediute moving across the surface of the gnzymc. Two variations
ave been reported: dihydrofolate rcducl.\.w‘-

¢ surface channeling b : olate reduct
ou:yu\idylatc synthase, which uses & surface “electrostatic highws

and dethiobiotin synthetase- diam‘incpclargonic gcx.d
aminotransferase, which uses a polar crevice :'nlon‘g the enzyme's
surface * Athird mcchnni?m ofsupstmlc chanpclmg involves usn{g a
swinging arm to transfer intermediate to multiple sites. The py_‘ruv.:\lle
dchydrogenase complex provides an example whete a lipoic acid

PutA occurs as @ bifu

o g two active sites, which is thought to channel intermediate
PSC/GSA. Theoretically, the channeling of PSC/GSA is
physiologically reasonable, as PSC is a substrate of three competing
Teactions. It can be converted to glutamate via PSCDH, omithine via
ornithine aminotransferase, or back to proline via P5C reductase.
Thus, channeling of P5C in proline catabolism may be necessary to
retain proper metabolic flux and avoid metabolic cycling . Besides
enzyme competition, free PSC/GSA is reported to be an inhibitor of
glutamine in three different E. coli enzymes including glucosamine-6-
phosphate synthase, cytidine S§'-triphosphate synthase, and the
amidotransferase domain of carbamoyl phosphate synthetase.
Additionally, P5C was shuwn to form adducts with other important
tabolic i diates including oxaloacetic acid, pyruvic acid, and
aceloacetic acid *. Considering the outcomes of liberated PSC/GSA,
there appears to be a physiological ad ge to seq the
intermediate during proline catabolism,

Substrate channeling in PutA was first kinetically described in
Sulmonella typhimurium; however, the structural and kinetic
characterization of BjPutA have made this enzyme the prototype of
PutA channeling. An X-ray structure of BjPutA revealed an
irregularly-shaped cavity that spans 41 A between the two active sites
with a total volume of 1400 A3, The majority of the volume (1325 A3)
of the tunnel comes froma large central chamber with dimensions 24 A
by 14 Aby3-7 A, which provides ad spacetoac dute PSC
(lOZAJ]orGSA(120A3)’.

Additionally, kinetic evidence comparing native BjPutA to an equal
molar mixture of two complementary active site mutants (R456M, no
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( ABSTRACT } Sphingolipid synthesis is tightly regulated in eukaryotes. This regulation in plants ensures sufficicnt sphingolipids to

support growth, while limiting accumulation of sphingolipid metabolites that induce programmed cell death (PCD).
Serine palmitoyltransfersase (SPT) catalyzcs the first step in sphingolipid biosynthesis and is considered the primary sphingolipid homeostatic
regulatory point. In this report, Arabidopsis putative SPT regulatory proteins, orosomucoid-like proteins AORM1 and AtORM2 were found to
physically interact with the Arabidopsis SPT and to suppress SPT activity when co-expressed with Arabidopsis SPT subunits LCBI and LCB2
and the small subunit of SPT in a yeust SPT-deficient mutant. Consistent with a role in SPT suppression, AtORM1 and AtORM2 overexpression
lines displayed increased resistance to the PCD-inducing mycotoxin fumonisin B1 (FB1), with an accompanying reduced accumulation of long-
chain bases (LCBs) and C16-fatty acid-containing ceramide accwmnulation relative to wild type plants. Conversely, RNAI suppression lines of
AtORM| and AtORM2 displayed increased sensitivity to FBI1 and an accumpanying strong increase in LCBs and C16 fatty acid-containing
ceramides relative to wild-type plants. Overeapression lines were also found to have reduced activity of the Class I ceramide synthase that uses
Cl16-fatty acid acyl-CoA and dihydroxy LCB substrates, but incicased activity of Class ITceramide synthases thatuse very long-chain fatty acyl-
CoA and trihydroxy LCB substrates. RNAi suppression lines, in contrast, displayed increased Class I ceramide synthuse activity, but reduced
Class II ccramide synthase activity. These findings indicate that ORM-mediation of SPT aclivity differentially regulates functionally distinct
ceramide synthase activities as part of a broader sphingolipid homeostatic regulatory network.

( KEYWORDS : Serine palmitoyltransfersase, Sphingolipid synthesis, Ceramide Synthase Activities.

INTRODUCTION

Sphingolipids play critical roles in plant growth and development as
essential components of endomembranes, including the plasma
membrane where they comprise more than 40% of the total lipid."*
Sphingolipids are also highly enriched in detergent insoluble
membrane fractions of the plasma membrane that form microdomains
for proteins with important cell surface activitics, including cell wall
biosynthesis and hormone transport.’ In addit{on, sphingolipids,
particularly those with very long-chain fatty acu_ls (VLCFI'\S), are
inteyrally-associated with Golgi- mediated protcm,lrafﬁckmg that
underlies proccsses related to the growth of plant cells.

Furthermore, sphingelipids function through t_h.ci.r bioactive long-
chain base (LCB) and ceramide metabolites to initiute progrur.nmed-
cell death (PCD). important for mediating plant pathogen resistance
through the hypersensitive respense (HR).

Sphingolipid biosynthesis is highly regulated in all eukaryotes. In
plants, maintenance of sphingolipid homeostasis is vital to ensure
sufficient sphingolipids for growth while restricting the accumulation
of PCD-inducing ccramides and long«chmu'bascs (LCBf), u{lul
required for processes such as pathogen-triggered HIL.Scnne
palmitoyltransferase (SPT), which catalyzes the first step in LCB
synthesis, is generally believed to be'the primary Fontrol point for
sphingolipid homeostasis. SPT S)'ntlxcilzps LCBs, unique components
of sphingolipids, by catalyzing a pyridoxal p}_losplmw-de_pep(lent
condensation of serine and palmitoyl (16:0)-CoA in plants. S{ll)}lar 10
other cukaryotes, the Arabidopsis SPT is a heterodimer consisting of
LCBI and LCB2 subunits. Research to date has shQ\m th.:\t SPT is
regulated primarily by post-translatiom‘xl mechanisms involving
physical interactions with non-catalytic, mcr‘nbnunc-anocimed
proteins that confer positive and ncg:}tivc regulation of SPT activity.
These proteins include a 56-amino acid small subunit of SPT (ssSPT)
in Ambidopsis, which wus recently shown to stimulate SPT activity
and to be essential for generating gu_f‘ﬂ?cnt amounts of sphingolipids -
for pollenand spotophytic cell viability.

Evidence from ycast and mammalian rescarch points to a more critical
role for proteins termed ORMs in sphingolipid homeostatic
,esulation.’ The Saccharomyces ccrgvnsiac Ormlp and Orm2p
negatively regulate SPT through reversible phosphorylution of these

polypeptides in response to intracellular sphingolipid levels.
Phosphorylation/de-phospborylation of ORMs in S. cerevisiae
presumably affects the higher order assembly of SPT to mediate flux
through this enzyme for LCB synthesis. In this sphingolipid
homeostatic regulatory mechanism, the S. cerevisiae ORMIp and
ORM2p are phosphorylated at their N-termini by Ypkl, a TORC2-
dependent protein kinase." The abscace of this phosphorylation
domain in mammalian and plant ORM homologs brings into question
the nature of SPT reversible regulation by ORMs in other cukaryotic
systems,

RNAI suppression of ORM genes in rice has been shown to affect
pollen viability. but no mechanistic characterization of ORM proteins
in plants has yet to be reported. Here we describe, two Arabidopsis
ORMSs, AtORM1 and AtORM2, that suppress SPT activity through
direct interaction with the LCB1/LCB2 heterodimer.” We also show
that strong upregulation of AtORM expression impairs growth. In
addition, up- or down-regulation of ORMs is shown to differentially
affect sensitivity of Arabidopsis to the PCD-inducing mycotoxin
fumonisin B, a ceramide synthase inhibitor, and to also ditferentially
affect activities of Class I and II ceramide synthuses as a possible
additional mechauism for regulating sphingolipid homeostasis.

METHODS
Yeast Growth and Expression Plasmids. Yeast (Saccharomyces
cerevisiae) strain TDY9113 (Mat a tsc3A:NAT Icb1A:KAN ura3 leu2
lys2 trplf&) lacking endogenous SPT was used for expression and
chamf:lenzalion of the Arabidopsis thaliana SPT subunits and ORM
profeins. "I'he mulant was cultured in medium containing 15mM
phylosphingosine and 0.2% (w/v) tergitol. The AtORM1 (Atlg01230)
and AtOP.{MZ (At_5g42000) open reading frames were amplified b:
PCRand inserted into pPR3-N (Dualsystems Biotech) with HA tag 'e{i
at Nttar.mmus. Th‘.‘, PpAL2-URA was constructed for diveru’ent
constitutive expression of AtLCBI-FLAG and Myc-At LCB"g b
replacing the GALL and GALIO promoters of pESC:GRJ{
Sl_sl:rzntagcnc) with the ycast LCB2 and ADH promoters, respectivel
¢ AtssSPTa cDNA open reading frame was inserted a.ﬁcr lt)he 3)5{)1'\

tag in pADH1." For deleting th S i
b g the first transmembran,

Avrllandre-|

igation. The deletion wus confirmed b

Y sequencing.
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ABSTRACT : =
INTRODUCTION: Most studies of early programming focus on very LBW or extremely LBW, even though the majority of all LBW c!nldrm are
born only with marginally LBW."The pathogenesis behind CVD is multifactorial, and for health care providers to be able to assess the risk of each
individual, we need to know more about this common subgroup.
AIM: Being born with LBW affects later cardiovascular risk. 2 .
RESUILT: In Marginally LBW group, 4.7(0.6) patients had Fasting glucose(mmoV/L), 2.7(2.3-3.8) patients had Fasting insulin(pU/mL),
0.57(0.4-0.8) patients had HOMA-IR, 4.4(0.7) paticnts had Cholesterol(mmol/L), 0.50(0.2) patients had Triglyceride(mmol/L), 2.7(0.6) patients
had LDL(mmol/L), 1.5(0.3) patients had HDL(mmoV/L), 0.82(0.2) paticnts had ApoB(g/L), 1.4(0.2) patients had ApoA 1 (g/L), 0.51(0.3) patients
had ApoB/ApoAland 0.24(0.1-0.7) patients had hs-CRP(ing/L). In Controls group, 3.5(0.5) patients had Fasting glucose(mmol/L), 2.8(LD-3.5)
palients bad Fasting insulin(uU/mL), 0.60(LD-0.7) patients had HOMA-IR, 5.5(0.8) patients had Cholesterol(mmol/L), 0.57(0.2) patients had
Triglyceride(mmolL), 2.9(0.7) patients had LDL(mmoV/L), 1.4(0.3) patients had HDL(mmol/L), 0.71(0.2) patients had ApoB(g/L), 1.4(0.2)
patients had ApoA (¢/L), 0.57(0.1) patients had ApoB/ApoA land 0.18(0.1-0.5) patients had hs-CRP(my/L).
CONCLUSION: Some risk factors originating from the fetal environment cannot be changed after birth, good cardiovascular health can be
reslored by influencing postnatal risk factors before adulthood. There were no significant differences in insulin, insulin resistance, hs-CRP or blood

lipids between the marginally LBW children and controls.

KEYWORDS

Low Birth Weight, Cardiovascular Risk, Atherogenic Lipoproteins.

INTRODUCTION

The World Health Organization defincs low birth weight (LBW) as
birth weight less than 2500 g. Being born with a birth weight below this
cut off is associated with a range of poor health outcomes, both early
and later in life. Today, these children accounts for approximately 15 %
of all births, ranging from 4 % in developed countries to 16 % in
developing countries.”

Most studies of early programming focus on very LBW or extremely
LBW, even though the majority of all LBW children are born only with
marginally LBW." In Sweden, this accounts for over 2200 children
every year. What these children potentially are atrisk of is still unclear.
Some studies have shown an inverse relationship between birth weight
and cardiovascular risk, suggesting that also marginally LBW would
be a risk factor, although lower. However, the pathogenesis behind
CVD is multifactorial, and for health care providers to be able to assess
the risk of each individual, we need to know more about this common
subgroup.

Elevated levels of triglycerides and LDL (or Apolipoprotein B,
[ApoB]) and lowered levels of HDL (or Apolipoprotein Al, [ApoAl])
are three markers included in the “lipid triad”, a concept often used
when discussing metabolic risk. These are all related to atherosclerosis
and CVD, arisk thatincreases with prolonged exposure.™

The atherogenic lipoproteins (LDL, very low-density lipoprotein
[VLDL], intermediate-density lipoprotein [IDL]) are more prone to
penetrate the vessel wall, where they bind to proteins in the
extracellilar matrix and triggers macrophages and inflammation. This
process is the pathophysiological process that causes endothelial
damage and atherosclerosis.”Furthermore, HDL is an anti-atherogenic
lipoprotein that can bind to the vessel wall and remove fat molecules
from cells, thereby protecting them from excessive storage.’On every
atherogenic lipoprolein, there is a protein called ApoB, while every
HDL particle contains ApoAl. Therefore, meusuring these proteins
correlates well to the lipid profile,”

Adipocytes in overweight and obese individuals become enlarged and
saturated with lipids, which leads to impaired insulin sensitivity and
release of FFA in the blood. The elevated levels of FFA further on result
in an increased flux of FFA to hepatocytes in the liver, as well as
increased storage in both the hepatocyles as well as in myocytes in
muscle tissue. The FFAs in the liver are esterified to VLDL and IDL
and released into the blood stream. The raised fat storage in the
hepatocytes and myocytes damage the insulin sensitivity, further
progressing the insulin resistance.”

Though less studied compured to insulin resistance, children and
adults born with LBW have been suggested to have an adverse lipid
pr_oﬁle, compared to those born with NBW, a correlation accentuated
with increasing age. However, the evidence is scarce, especially from
prnsptctivc’: studies, and systematic reviews have not yet established a
conscnsus,

OBJECTIVE

The objeclive of the
research question:

*  Howdoesbeing born with LBW affect later cardiovascularrisk?

MATERIALS AND METHODS
This study was hospilal based comparative study.

STATISTICALANALYSIS:

For statistical analysis data were entered into a Microsoft
spreadsheet and then analyzed by SPSS (version 217.0; SPSS?::‘: l
Chlcago.. IL, USA) and GraphPad Prism version 5. Data had bcc;
summarized as mean and standard deviation for numerical variables

and count and percentages for catepor; i
d cal vari -
tests for a difference | g o B -

present thesis was to answer the following

greater p;)wcr than unpaired tests, A
statistical hypothesis test wherein the sampling distributj
islical ! whel pling distriby
statistic is a chx-sqgarcd. distribution when thegnull l:y;:;&l:soi?'he -
ithout other qualification, ‘chi-squared test often isused as sl::lttnl" .
a for
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. ABSTRACT ,
'[NTRODUCT_I(_)N : Children born preterm usually experience an initial growth restriction, suggested to be caused by the immature organs and an
inadequate nutritional intake. Afler this initial growth faltering, healthy preterm born children, and especially those bom after 32 gestational weeks,
usually fall back to the reference growth curve, following that of term born babies. For children born SGA, 80 % will experience a relative catch-up
growth within the first 6 months of life.
OBJECTIVE: Role of different risk profiles for children being born preterm vs being born SGA and early iron supplementation affect later
cardiovascularrisk :
RESULT: In Placebo group, 4.6(0.5) patients had Fasting glucose (mmoV/L), 2.9(2.3-3.5) patients had Fasting insulin(uU/mL), 0.59(0.4-0.7)
patients had HOMA-IR, 4.5(0.7) patients had Cholesterol(mmol’L), 0.58(0.2) patients bad Triglyceride(mmol/L), 2.8(0.6) patients bad
LDL(mmol/L), 1.5(0.3) patients had HDL(mmol/L), 0.63(0.4) patients had ApoB(¢/L and 0.20(0.1-0.6) patients had hs-CRP(mg/L). In Iron
supplements group, 4.4(0.5) patients had Fasting glucose(mmel/L), 2.7(2.0-3.8) patients had Fasting insulin(uU/mL), 0.54(0.4-0.8) patients had
HOMA-IR. 4.3(0.8) patients had Cholesterol(mmol/L), 0.59(0.3) patients had Triglyceride(mmol/L), 2.8(0.6) patients bhad LDL(mmol/L),
1.5(0.4) patients had HDL(mmoV/L), 0.61(0.3) patients had ApoB(g/L and 0.24(0.2-0.8) patients had hs-CRP(mg/L).
CONCLUSION: This literature showing that there is progression of these risk factors as children enter early adolescence. Further longer
longitudinal studies are needed to elucidate the mechanisms responsible for progression of cardio-metabolic risk factors from infancy to

adolescence in SGA and LGA subjects. _
FEKEYWORDS 0 e e
Cardiovascular Risk Markers, Initial Growth Restriction, Preterm Born Children

increasing the risk for adverse events. This balance is a current
challenge to pediatric research.

INTRODUCTION ]
Depending on intrauterine growth, children can be grouped according

i all or appropriate for gestational age (SGA and AGA), ] )
o i i g f <-2 standard deviations Short small for gestational age (SGA) children constitute a special

children borm SGA can be further divided into group within the group of low birth weight children becsuse they did
h restricted (TUGR) children, or being not reach a normal height. An increased prevaleace ofcardiovascular
constitutionally born SGA.” IUGR is more common and is a  risk factors in short SGA children has been described ™. Some parents
pathological condition caused by maternal, fetal or placental of short SGA children were born SGA themselves ™. It is unknown
deficiencies during pregnancy. whether an increased risk for CVD in a short SGA child can be

predicted by the presence of risk factors in his/her parents. We
hypothesized that parents of short SGA children have an increased risk
for CVD. In addition, we hypothesized that a relative high percentage
of parents was born SGA themselves and that anthropomnetric data and
cardiovascular risk factors correlate between parents and children. We,

(SD). Moreover,
intrauterine growt

BW children is a heterogeneous group, including a
s and birth weights, which further on

leads to a range of different long-term challenges. The last decades,

arc focusing on extremely preterm birth or : '
S;le;rr;: bI?x:\ewTﬂ(is\:lc);ybEg]W, ;lowe}\’/cr, a vast majority (more than 60 therefore evaluated in parents of short SGA children anthropometry,

y i in Sweden today are born with a birth  blood pressure, fasting serum lipids, glucose, and insulin levels, which
3;;;35;‘3&;?6‘(%6:“30;63 g. They havey defined this group as  areregardedas predictors of CVD .
marginally LBW children.” The long-term consequences these ECTIVE
children encounteris not entirely known. %]BJ CTIVES ) )
e objectives of the present thesis were to answer the following
research questions:

Consequently, LBW ¢
wide range of gestational age:

: \ly experience an initial growth restriction,
ch:ldrindbfgﬂ é)cr i';f,';ﬂ; t)}lw i‘:nmature organs agnd an inadequate »  Are the risk profiles different for children being bomn preterm vs
su%%:;o;al intake.” After this initial growth faltering, healthy preterm being born SGA?
gg r‘r-: “hildren, and especially those born after 32 gcs!alionnl weeks, * How does carly iron supplementation affect later cardiovascular
usually fall back to the reference growth curve, following that of term risk?
born babies.’ For children born SGA, 80 % will experience a relative
calch-up growth within the first 6.mou!hs of life. However, mfants mTERMSMDMEWODS
born SGA still have an increased risk of remaining growth restricted This study was hospital based comparative study.

Jater i life, both in height and in weight.” In addition, the children born .

SGA who are also born preterm will have even more difficulties in Statistical Analysis:

catching up and will more likely remain short throughout adulthood. For statistical analysis data were entered into a Microsoft excel

Of particular interest in the matter of carly growth rescarch, is to spreadsheet and then analyzed by SPSS (version 27.0; SPSS Inc.,

determine how these grow}b traits can bq affected by egvn.ronmemal Chxcago., IL, USA) and GraphPad Prism version 5. Data had been

Secions. particularly nutrition. The goal is to find the ideal growth summarized as mean and standard deviation for numerical variables

standards for each individual, to be able to give the newborn child the  and count and percentages for categorical variables. Two-sample t-

right pxccondiﬁOUS to reach his or her optimal potential without tests for a difference in mean involved independent samples or
{_ - International Jourual of Scientific Research - H AR |
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ROLE OF LIPID AND LIPOPROTEIN IN FEMALE BREAST CANCER PATIENTS
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ABSTRACT
Introduction: The Lipid prodiic statws aimang breast v er pationts at mitial Jiaguosis and during chencotherapy renins controyeisial. The aim of
s of fipidand lipoprotsinin female breast cancer paticnts at initial diagnosizand duing chemotherapy.
felivspective cohort study of the status of the lipid and lipoprotein in 1054 primurily diagnosed breast cancer patients
LN 2 = ‘lliA\-l\. fiom July 2015 to Octeber 2016, At the same time, the status of lipid and lipaprotein were also
iz srvsentcance paticnts before and afteradjuy ant cherotherapy.
Results: The incidonce of dy slipidemia was significantly low er in breast cancer aroup (41.829%) compared to pormal group (§5.2670) (P < 0.001).
The Icadhs of tetal chalsteral (TC), trigh cerides (TG), HDL chelesterel (HDL-C), LDL cholesterol (LDL-C) among breast cancer group were
samiinantly Tover camparad to neaal contiol ateup (P <0.03), With age stratification, the Ievels of TC and LDL-C in breast cancer group were
s : o~ in control group (P < 0.001). And the leve of TC, TG, LDL-C, apelipuprotein B were significantly higher
«chomotlicinpeutic paticnts, hewever HDL-C and Apo-Al levels were contrury.
j i npared to ne ulations. However, the situation of
ring and dys a prevention and treatment should be

Dr. Debarshi Jana

thisstudy isto sy the
Methods: We

-3 oy

oontiels with

"

e p

ity lower tha

ke

mia ¢

disgnesis and duiing chemetlicrapy.
KEYWORDS

Bicast cancer, Dy slipidemia, Adjuvant chemotherupy.

INTRODUCTION Cunver patients and 1200 normal wowen (as controls) were collected
Broast canver is the nyast ganceal dingnesed cancer and the second from the electronic medical records of Breast Cancer Center, Alsb the
2 wotise of cancer-related death among women worldwide . The blood lipid status of 230 breast cancer patients was comparatiyely

w010 3675 from poak rates due to analyzed before and after chemothierspy. Key exclusion criteria
ver, itis still crucial to investigate included the patients with history of ether malignancy and tumor
recurrenee and with ne pathelogical reperts.

rmentality isd

J

: < Evaluate Paramelers
tote! (LDL-O). trigly cenides (TG), and low This study compares the status of lipids amang breust cancer patients
! - cholestuiol (HDL-C), apolipepretein and narmal peeple. The status of lipid and apelipoprotein of 250

iB(Apo-B)is 2n establiched risk factor of breast cancer patients were evaluated before and after chemothetapy.
The biochem- ical paramcters reluted to dystipidemia TC, TG, HDL,

ro-Al). -;mh;-‘-‘l’u-

Lie o oonlar diseases. LDL-C bas been success- [ully treated by

;, idice cring tho:opics. Apolipopreteins are ciucial for the LDL, Apo A-1, Apo-B were categarized wing cut-off values as
,',’ ch of HDL 20d LDL lipopricin complex. Mooy er, Ape-B follows: TC with 5.20 mmol'L, TG 1.7mmiL, HDL-C 0.9 mmol 'L,
% g tor of cardivy dsendar discase (CVD) LDL-C 3.1 mmol/L. Dy :lipideniia was considered when TC > 5.2

18 convei-dorcd as a botior indic
¢rm- pared to LDL-C 7. Apc-Al binding

P eMux Fem endathelial cells and ey

clein acceletates mimelLor TG > 1.7 mmel L or LDL-C> 3.1 mmal'L or HDL-C < 0.9
angicgenesis, mmol'L.

HH W lipoproteing wee in- fluenced 3 .
l; icht and diet, and o Statistical Analysis ) o )
P which sugeest the rele of lipids in causing The data \\clc\:lﬂdl)tcd u\mg_thc Statistical Pukage for Social
s : 4 that higher nammographic density Sdc.nL-u (SPSH) softwaie version ;'Z 0. Maan (x) and standad
) tood 1o be a stiong rek factur of brust cancer ', which is dv\uh?n (SD) were evaluated using stu- dent |’-lmt for the
2 ,",‘. W inere o ed HDL-C levets and deciezsed LDL-C levels. comparizon between control _and pa- tient groups. l < 0.05 was
i,, mrore. HDL-C Ievel is assowiated wiih scveral other bicast considered statistivally significant. T!]c mcx.dcn\'e of dyslipidemia
; i £y tors, Several shnfice Bave reported the as- sociation among both groups was compated using Chl-s\ln.nre_(u‘! The mean
: o Tivids .Ll:t“' ancer. However, the results are values of lipids among both greups were compared using independent
o h"-\!." o Bt stud- tc'-.n‘p-"rlr:d that high sample T test. Finally, the status of bloed lipids and apolipoproteins in

breast cancer patients be- fore and after chiemotherapy were compared

oo 7 il
ev. s of TC 2rd HDL-C mig ¢ breast cuncer incidence ¢ \ |
;; e L‘~r l'(':iﬂlr e sug \-f] > and HDL-C levels conld using paired-sample Ttest.
i 3 ot e stodicd the status of

er chemwtherapy. Derya RESULT . )
No significant difference was obscrved in the mean age of bryast

canver group (41,02 & 1131 years) and control group (51.10 + 11.09
years). In our study, We ebscived the prevalence  of  precbese  or
cbesi ty(BMIZ25) was 24.50% in breast cancer  patients and
20.45" incontiol population, respectively.

toancarnisk L Fow escardde

n-Crs < D
teamer patients be-fin

fipid by

. o4 1ivat
H B etal. seporicd that ady ! 4
dr R for met<Iolic £y ndrome in breast cancer patients and

SO
: o s 2te nte prafiand in pre- menopau A paticnts . The
JARCR # (9] JQU - o i 5
aim of this sty is 1o in- vestigate the stams of scrum lipids and
A concer paiients and normal controls and their

natheropy iy contribute 1o 21

Jjun ant &l

lipeepauteins o bic

iminges dueing chaniheispy. The incidence of dyslipidemia was significantly lower in bicast cancer

i . = . gioup compared to control group (P < 0.001). The levels of TC and
MATERIALAND METHODS EDL-C in bicast cancer group were significantly lower  than those in
;t,h{‘;“:‘ ) it o bl lipid status of 250 privnily dingnoned brvast control greup (P <0001). With age stiatification, the levels of TC and

ll International Journal of Scientific Research H | \

L




- W W W W W W W W W e Y Y W e W

Yolume -

ORIGINAL RESEARCH PAPER
INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

LIPID PROFILE ALTERATION IN RHEUMATOID ARTHRITIS PATIENTS
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INTRODUCTION: It bas been proved that rheumatoid arthritis (RA) is linked to dyslipidemia and the risk of cardiovascular complications is

higher in these patients. The aim of this study was to evaluate dyslipidemia in RA patients. ) .

MATERIAL AND METHODS: In this study, RA patients were enrolled regarding the inclusion and exclusion criteria. Their demographic

information and medication profiles were evaluated. Clinical assessments were performed by evaluation of disease activity score (DAS28) a{ld

visual analogue scale. Moreover, laboratory investigations of lipid profile including triglycerides (TG), total cbolesterol (Chol), low-density

lipoprotein (LDL), and high- density lipoprotein (HDL) were performed.

RESULT: Total of 150 patients with the mean age of 53.8+15.7 years, 64.4% were diagnosed with dyslipidemia. Females in menopausal ages hada

higher prevalence of dyslipidemia as well as patients with longer discase duration, Considering DAS28, 100% of the patients with high discase

activity were diagnoscd with dyslipidemia.

CONCLUSION: According to the results, patients under treatment with prednisolone and methotrexate were more affected by dyslipidemia than

those with prednisolone, methatrexate, and hydroxychloroquine. In the paticnts under prednisolone, methotrexate, and Ieflunomide treatment, the

prevalence of dyslipidemia was significantly lower than those used only prednisolone and methotrexate. Altogether, it is necessary to have more

clinical suspicion towards dyslipidemia and its complications in the patients with a greater number of affecting factors.

KEYWORDS e e ey 15
Rheumatoid arthritis, Dyslipidemia, Lipid profile, Cardiovascular discases

considered as follows: LDL <100 mg/dl, TG <150 mg/dl, total
cholesterol <200 mg/dl, and HDL >50 mg/dl. Also, both ESR and C-

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic systemic disease diagnosed

mostly by presenting articular manifestations. This pathology with a
prevalence of 0.5- 1% in general population is more common in
females '. So far, the main pathogenesis of RA is unknown, but it scems
that both genetic and environmental factors are involved *. Similar to
other chronic discases, RA is accompanied by inflanunation which has
made the main target for therapeutic agents °. Although RA is mostly
known for its particular presentations, skin, ocular, and cardiac
manifestations are also expectable . )

Nowadays, cardiovascular discascs (CVD) are known as the leading
cause of death worldwide’. The most common type of CVD is
atherosclerosis which is a chronic inflammatory condition.
Interestingly, it bas been showed that both CVD and RA have similar
pathways of inflammation ¢ Furthermore, mortality caused by CVD is
more common (up to S0% higher) in RA patienls compared to a normal
ich makes it the most common cause of death among
This increase in mortality rate is caused by {hc higher
risk of myocardial infarction (MI) and stroke in ,RA population \yhich
is attribuled to CVD and mainly atherosclerosis . Fqnhermorc, it has
been shown that MI risk duc to CVD in RA paticnts 1s 200% (2 folds)
higher compared to age and sex-matched controls . Taken together, it
seems that CVD is a serioas issue in patients diagnosed yvnth RA since
it increases the risk factors involved ™. Remarkable risk factors for
atherosclerosis are male gender, high serum tgwl cholgste{ol (Chol),
low-density lipoprotein (LDL), low serum high-density lipoprotein
(HDL), aging, diabeles, high blood pressure, and smoking.

MATERIALSAND METHODS
ssessments . .
gal:x"el:;! :emogmphic information, discase duration, drug history, and
discase activity score (DAS28) were evaluated. .Fpr calculation of
DAS28 score, we considered swollen and tender joints, F@;mxlcs
sedimentation rate (ESR) and visual analogue score. In this evaluation
any score <2.6, 2.6 < score <3.2, 3.2 < score <5.1, and <5.1 wcrg
considered as remission, low disease activity (DA), moderale DA an

highDA, respectively.

population wh
these patients,

Para-clinical assessments
Laboratory makers such as serum 10!
and HDL were evaluated after 12-

tal Chol, triglyceride (TG), LDL
hour fasting. Normal values

4} International Journg of Scien;

reactive protein (CRP) serum levels were evaluated. All the laboratory
tests were done by the same laboratory expert using the same kits and
methods for each parameter. All the kits were provided from Merck

Chemi Co™,

RESULTSAND DISCUSSION
According to the literature, patients with RA are more susceptible to
dyslipidemia and atherosclerosis (and its complications such as CVD)
due to the impaired lipid profile in comparison to the normal
population ”. Thus, it is very important to investigate any possible
mechanism that may affect lipid profile in them. In this study, we
intended to assess dyslipidemia in RA patients by categorizing them
into the differcnt groups according to the different variables such as
age, sex, discase duration, and types of medications consumed. It is
important to consider all the variables such as age in this study since it
has beqn proved tosignificantly increase CVD'". As the results showed,
the paticnts' mean age in the current study was 54.9+16.8 which was
the same as the other studies ", Also, 87.33% and 12.66% of patients
were female and male, respectively. This clearly affirms that RA is
more common in women than men as expected. Moreover accordin
to the epidemiological investigations, females especiall’y tho! o
menopausal slatus, are more susceptib| fanai Shread
! ) susceplible to impaired lipid profile
whlch_strongly increascs the risk of atherosclerotic events . In thi
study, it was shown that 92% and 100% of females with th vosiecy
of 56-65 and 66-75, respectively (menopausal g es) y fagc hases
with dyslipidemia. In a general aspect, the prevalsnc w;;. dl_agnoscfd
in our patients was 65.3% which was similar to Ni e yslhpxdemm
Also, the serum levels of HDL, LDL, TG and totnllsar e d: Bty
were similar to another study by Vijaykumar ef IChslemml almost
changes in lipid profile is still unclear, but there o L et |
proposed to describe this phenomenon, J¢ are some hypotheses
polymorphisins such as REL (c-Rel)po]yu;o bs.eems that different
to affect LDL levels. Also, interleuki rg ism have been shown
inflammatory cytokine is able s AL5) whi

i . induce [j :
This interleukin bas been sh, g ¢ lipoproteias abno iti
levels, 1 shown higher n RA patients with lonnw:'HDmes[.

Inold
‘olderage groups, the prevalence of dyslipid emiahas b
= °cnincreaseq.,
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ASSOCIATION OF LIPID PROFILE AMONG THE HYPERTENSIVE IN
COMPARISON TO NORMOTENSIVE PATIENTS IN OUR INSTITUTION
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ABSTRACT

Introduction: Hypertension and dyslipidemia are associated with oxidative stress and are major causes of cardiovascular discase amounting to
3_0% ofgl_obal deathrate. It is widely accepted that cardiovascular disease is associated with hypertension and increased blood levels of low-density
I]poproteln (LDL). total cholesterol (TC), and triglycerides. In contrast, a low level of high density lipoprotein (HDL) is a risk factor for mortality
from cardiovascular disease. Hypertension is a major public health problem in developed and developing countrices.

Methods: This study was a cross sectional study in which 159 diagnosed hypertensive patient and 75 with normal blood pressure (normotensive)
were enrolled. These patients sought a through health check up including blood pressure assessment between May 2020 to April 2021

Results: The mean of Systolic blood pressure and Diastolic blood pressure of hypertensive were higher than normotensive (p<0.001). The serum
levels of total cholesterol, triglyceride and LDL-C in hypertensive subject were higher than normotensive and statistically significant (p<0.001).

Serum HDL-C wasssignificantly lower (p<0.001) in hypertensive patie

nts than in normotensive.

Conclusion: *{)‘per}CPSi\'c patients have been found to have close association with dyslipidemia. Hypertensive patients need measurement of
blood pressure and lipid profile at regular interval to prevent heart discases and stroke.
A e .

KEYWORDS

Hypertension, Lipid profile, Total ¢

holesterol, Triglyceride, LDL-C, HDL-C.

INTRODUCTION:

Hypertension is a major public health problem in developed and
developing countries. Hypertension and dyslipidemia are associated
with oxidative stress and are major causes of cardiovascular disease
amounting to 30% of global death rate.' It is widely accepted that
cardiovascular disease is associated with hypertension and increased
blood levels of low-density lipoprotein (LDL), total cholesterol (TC),
and triglycerides. In contrast, a low level of high density lipoprotein
(HDL) is a risk factor for mortality from cardiovascular discase.
Epidemiological studies have established a strong association between
hypertension and coronary artery discase (CAD). Hypertension is a
major independent risk factor for the development of CAD, stroke and
renal failure. Non-communicable disease risk factor survey
Bangladesh 2010 studies have estimated that among adults, the
prevalence to range from 16% to 20%. * Nutrition, health and
demographic survey of Bangladesh 2011 have estimated that among
adults, the prevalence of hypertension was 34%. Urban subjects had a
higher prevalence of hypertension 37% while for rural prevalence was

significantly lowerat33% (p<0.001).'

The Seventh report of the Joint National Committee on Prevention,
aluation and Treatment of High Blood Pressure (JNC-7)
al (Systolic BP<120mmHg and Diastolic
BP<80mmHg). Pre hypertension (Systolic BP l20-|39|_ang and
Diastolic BP $0-89mmHg), Hypertension stage I (Syslol_lc BP 124-
159mmHg and Diastolic BP 90-99mmHg and hypertension stage 2
(Systolic BP 160mmHg and Diastolic BP 100mmHg) respectively.

Atherosclerotic discases arc a leading cause of dis?bxllry and death
worldwide and two third of these are associated with dys!lpndemla.
Worldwide, there is a wide variation in mean pop.ulnuun. lipid profiles
levels. Increased serum total cholesterol (TC), lrvglyccnd_c (TG), lf_rw
density lipoprotein (LDL-c) lcw:_l and dL‘(..'YCLISC.d-hIgh dcn.s;ly
lipoprotein (IIDL-c) are assocna'lcd major r'ls_k fncton:js ‘qr
cardiovascular discase (CVD). Dyslipidemia comprising allgn;\ r;': :fv’
of high to total cholesterol level and isolated CVG]U..’HIO(;I o!u: c'si(;
density lipoprotein or triglycerides is usually asx‘qcmtch‘t\:'l nnwmgl
blood pressure levels. There are strong and rclanon.(si_ c c;Sk a
LDL cholesterol concentrations and coronary heart disease iou.s in
Bangladesh consumption of saturated fat anfl red meat is |.r_ux:lr.
health and a known risk factor for CVD especially hypertension.

Detection, Ev
classifics BP as norm

n which 159 diagnosed

METHODS:
ood pressurc

ectional study i

(normotensive) were enrolled. These patients sought a through health
cheek up including blood pressure assessment between May 2020 to
April 2021. All the subjects were residents of the surrounding areas and
aged 30-60 years. Patients with features of any cardiac or renal
complication and major medical problem were excluded. For
statistical analysis data were entered into a Microsoft excel
spreadsheet and then analyzed by SPSS 24.0. and GraphPad Prism
version 5. A chi-squared test (32 test) was any statistical hypothesis
test wherein the sampling distribution of the test statistic is a chi-
squared distribution when the null hypothesis is true. Without other
qualification, 'chi-squared test' often is used as short for Pearson’s chi-
squared test. Unpaired proportions were compared by Chi-square test
or Fischer's exact test, as appropriate.p-value < 0.05 was considered

for statistically significant.

Table - Distribution Of Age: Hypertensive And Normotensive

Patients.
1ypertensive =159  [Normotensive = 75
IMale IFemale [Male [Female
n=88) n=71) n=40) n=35)
IAge groups [<=30  [12(80) B (20) 16 (59) |11 (41)
years) B1-40 [I8GD) 1749 P @3)  [12(57)
Ml -50 P4(53) PR1@7) [1(59 6 (46)
151 -60 P1(49) R2(51) (75) 2 (25)
61 =70 P (75) B (25) 2 (33) (67)
P=71 W4 (44) 5 (56) 0(0) 0(0)
Table 2: Serum Lipid Profile Of Hypertensive And Normotensive
Patients.
Hypertensive Normotensive =
=159 75
Mean (CI Mean [CI P-
(SE) (SE) Value
Indicator| Total 248.31 |211.01-]177.01 [183.62-10.001
s(mg/dl [Cholesterol |(2.16) [242.5 [(4.26) [191.51
Triglyceride [179.34 |169.51 -[151.47 [136.72 -[0.001
(1.84) [181.1 |(2.83) |143.13
HDL- 4223 |39.23- (4338 [45.65- [0.001
cholesterol |(1.09) |46.36 [(1.82) [48.91
LDL - 139.22 1137.13-1120.32 [106.63 -[0.001
cholesterol [(1.65) 1653 [(2.33) [113.97

This study was a Cross § .
h lcrlcnsivc patient and 75 with geiak bl BT T P T A T P ; -
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( ABSTRACT > Background: Coronary heart disease (CHD) o
reasons of morbidity and mortality and imposes tremendously beavy soO!
dence of CHD such as hyperlipidemia. By the year 2020, World Health
{ accumulates on the

¢ which increases the incil

varieties of risk factors in the literatur
than 11.1 million deaths from CHD. Coronary heart discase occ
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Conclusion: Itwas found that the total cholesterol, HDL chol

Material and Methods: The present study was done on 100 patients with
1, and triglycerides were examined by using biochemical kits.

higher in cases than in
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esterol, LDL cholesterol and triglyceri
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ly blocked. The four

rtery, left circumflex artery and left anterior

onary heart discases. Serum levels of total
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INTRODUCTION
Coronary heart disease (CHD) or
recognized to be one of the most important reasons of morbidity and
i tremendously heavy socioeconomic burden

worldwide. There are varietics of risk factors in the literature which
es the incidenc

increase lipidemia. By the year

2020, World Health Organizati
from CHD. It is proj

cardiovascular discases are

cease from 17.5 million in

d indicators of whether someone is
d by the blockage of blood
the arteries. The lipid profile usually includes:
1 in blood circulation are strongly associated
person of about 68 kg typical
1g (1000mg) per day- 2

heart discuse. These tests are goo
likely to have a bearta
vessels or hardening of
high levels of cholestero
with progression of heart disease. For a
total bloed cholesterol synthesis isabout
s an integrated approach to the reduction of its risk
fication and management of risk factors are essential for
tic individu-als mainly over40 years of

current events in

CHD require:
factors. Identi

million deaths
deaths dueto cardiovascular disease willinc
2012 to 25 million in 2030. Approximmely out of 14 million Indians preventing CHD in asymptomal
affected with coronary heart disease (CHD), 1.5 million develop Acute age as primary prevention, and for preventing re
farction (AMD), and 500,000 of these individuals die patients with established discase as secondary prevention.Risk factors
urbanization and management should be conceived as prevention or treatment of the
1 ath- erosclerotic discase process itself. CHD risk factors arc modifiable

ndustrialization,
ges which is called cpidcmiologic transition.
hen cholesterol accumulates on the
artery walls, creating plaques. Reduced blood flow occurs when one or
more of these arterics become partially or completely blocked. The
four primary coronary arteries aré located on the surface of the heart
are: right, left main coronary artery, left circumflex artery and left

Myocardial In
annually. This incre
related lifestyle chan
Coronary heart disease occurs Wi

ase is due to i

dden death. Formany years,

£ unmodifiable risk factorg» may

and unmodifiable; the presence 0
tof modifiable risk factors.

necessitate more intense managemen

In the last twenty years, considerable advances have been achieved in
the detcrmination and improvement of CHD risk factors including
diabetes and hypertension. Lipids and lipoproteins have become
increasingly important in clinical practice, primarily because of their
association with CHD, in case of their abnormalities known as
dyslipidcmia. and became the major risk factor for the development of

CHDs are the most redictable cause of sudde ;

CHD prevalence v{,‘as believed to be relatively low 10 develoged yslipi e ajorrisk :

countries. Recent studies have indicated 8 remarkably high proportion this disease, according to epidemiologic al stu i, cetilly: In

fmild to severe CHD in2 pumber of patients- CHD is more preva ent  affluentcountries where fat consumption is high.”

?n men than in women- However its prevalence mler_relales withage. It I ERIATAND -

is about 0.7% 10 18 to 45 yeur olds. Whereas 13.3% in the 55 yeurs and } oDS .

o According to the Global Burden of Discase study estimate 0 The present study was conducted in our institution from June 2020 to

onwards. Accordiog r 1,00,000 population in DccembngOZI The sample size was calculated by using G-pow 2 2
ReT was obtained to be 120 subjects. Out of which 90 CHD Pat?ent: :fenre

-7ed CVD death rate of 272 pe
;r%:ia is bigherz!e | average of 235 per 100,000 population-
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i f the heart

jovase :  eascs arc a group © ‘dcrso :
cardwva’;‘ilx]:aflsgecmainl ischemic beart disease, rpeumauc
vessele B i okes. The lipid profile
identify the risk of

selecte
or without DM and HTN, admitted and diagnosed in coronary care

unit. CHD cases with liver impairment, renal di
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wocre not included in the study. 90 clinically health;cs:tl;'m)?smd disease
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Article history: The surge in the spread of the corona virus disease (COVID-19) pandemic alerted us to opt for the
Received 20-08-2021 preventive medicine, as prevention is always befter than cure. Apart from wearing mask, frequent hand
Accepled 07-09-2021 hing and social di ing, strengthening our immune response plays a pivotal role in preventing

Avuilable online 08-10-2021 infections. Vitamin D not only aids in calcium and phosphate homicostasis but also acts as an

immunomodulator; the deficiency of which is linked with various respirutory and systemic infections.
Hence we took up this review to study the effect of vitamio D in corona illness. Vitamin D exerts the
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4 ’ expression of pro-inflammatory cylokines, hinders zinc metabolism, lowers Interleukin 6 levels and thereby
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! inhibits cytokine storm in covid patients. Studies have proved that the covid patients have vitamin D
C"'“’; 19 deficiency and its supplementation improves the disease severity as well as the length of hospital stay. To
ﬁ)l'm:'“:'swém conclude, Vitamin D supplementation can protect as well as halt the progression of corona virus discase.
erleukin-

i Further trials are needed to set the therapeutic levels in various stages of corona illness,
Immunomodulation

This is an Open Access (OA) journal, and articles are distributed under the
Anribution-NonCammerial-Share Alike 4.0 License, which allows others
the work noncommercially, as long as appropriate credit is given and the

terms of the Creative Commons
to remix, tweak, and build upon

new creati i
the identical terms. creations are licensed under
For reprints contact: reprint@ ipinnoyalive.com
1. Introduction The outbreak of COVID-19 has set in a global pandemic
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calcium and phosphate metabolism plays a pivotal role in m the jaws of corona virus
maintaining bone and muscle health.' It is also involved
in cellular proliferation and differentiation,? regulating
gene expression and signal transduction. Vitamin D, by
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exogenous stresses and possess non calcaemic role like cnzyn}e (ACE?) receptors r 1th angiotensin convertin
immunomodulation in regulating innate immunity and
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