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ABSTRACT

1. ABSTRACT

Aim and Objective:

Anemia is the leading cause of morbidity and mortality in patients with chronic disease and
iron deficiency. The present study was undertaken to evaluate anti-anemic potential of
formulation of Angelica sinensis in ovalbumin induced anemia of inflammation in Balb/c
mice and evaluation of herbomineral formulation in agar gel diet and phlebotomy induced
iron deficiency anemiain Wistar rats.

Materialsand Methods:

Formulation of A. sinensis and herbomineral formulation were subjected to pharmacognostic
studies which involved organoleptic, physicochemical and preliminary phytochemical
evauations. Asthma was induced by intraperitonia injection of 50 mg ovalbumin in 4 mg
aluminum hydroxide in 0.2 ml sdine. On day 1% and 14™ ovalbumin was given by
intraperitonia injection. Control animals were induced with equal volume of vehicle.
Treatment of A. sinensis 100 mg/kg, folic acid 2 mg /kg was given from day 1 to 35 days.
Weakly food, water and body weight gain was observed. On day 28, 29 and 30 and 35
animals were exposured to 1% Ovabumin in PBS for 20 minutes each day. 24 hours after
last exposure blood was collected and haematological and biochemical parameter were
determined like blood cell count, hematocrit, haemoglobin, reticulocyte, ferritin, total serum
iron, iron binding capacity, transferin saturation.

Iron deficiency anemia was induced by agar gel diet for 30 days. On 10™,20" 28", 30 days
phlebotomy was performed by snipping the tail vein of each rat. Treatment of herbomineral
formulation (100 mg/kg) standard folic acid 2 mg /kg was given from day 1 to day 30. After
30 days blood was collected and haematological and biochemical parameter were determined
like blood cell count, hematocrit, haemoglobin, reticulocyte, ferritin, total serum iron, iron
binding capacity, transferin saturation.

Results:

Ovabumin produced inflammation which cause reduction of hemoglobin, red blood cell
count, hematocrit, reticulocyte and low serum iron, decreased total iron-binding capacity,
decreased transferrin saturation, elevated serum ferritin. Treatment with formulation of A.
Snensis significantly (P<0.05) prevented ovalbumin induced reduction in hemoglobin, red
blood cell count, hematocrit, reticulocyte. The formulation also significantly (P<0.05) reduced
the elevated serum ferritin levels in inflammation induced anemic mice and elevated the

serum iron, total iron-binding capacity, and transferrin saturation levels.
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ABSTRACT

Agar gel diet and phlebotomy which cause reduction of hemoglobin, red blood cell count,
hematocrit, reticulocyte and low serum iron, increased total iron-binding capacity, decreased
transferrin saturation. Treatment with herbomineral formulation significantly increased
(P<0.05) agar gel diet and phlebotomy induced reduction in hemoglobin, red blood cell count,
hematocrit and reticulocyte levels. Herbomineral formulation also significantly (P<0.05)
reduced the elevated total iron binding capacity in agar gel diet and phlebotomy induced
anemic rats and elevated the serum iron and transferrin saturation levels.

Conclusion:

Formulation of A. sinensis showed beneficial effect on anemia associated with chronic
inflammatory disease such as alergic asthma. The formulation showed modulation in
haematological and biochemical parameters indicates that A. sinensis may produce its effect
by acting on hepcidin pathway by increasing iron absorption from microphage and acting on
inflammatory cytokines pathway. The herbomineral formulation also showed modulation in
haematological and biochemical parameters in animal model of iron deficiency anemia,
indicates that it may be beneficial in preventing iron deficient disease by releasing iron
storage. From above experiments we can conclude that these formulations from herba origin

are efficient for the management of anemia with and without inflammation.
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Introduction

I ntroduction

Anemia is a reduction in the red blood cell magh the hematocrit value less than 40%
(37% in women), or hemoglobin below normal by mtran two standard deviations.
Anemia causes signs and symptoms of pallor, shestoé breath and fatigue since all
result from reduced hemoglobin failing to providdfigient oxygen (Paget al., 2009).

Iron deficiency is the most prevalent nutritionafidiency and the most common cause
of anemia. Iron deficiency anemia is characteriagdh defect in hemoglobin synthesis,
resulting in red blood cells that are abnormallyabn{microcytic) and contain a
decreased amount of hemoglobin. The capacity obtbed to deliver oxygen to body

cells and tissues is thus reduced (Provan, 1999).

Anemia of inflammation (Al), also known as anemfacbronic inflammation or anemia

of chronic disease, was described over 50 yearsaag® normo to microcytic anemia
typically of mild severity, characterized biocheallg by a low plasma iron, decreased
total iron-binding capacity, decreased transfersaturation, and on bone marrow
examination, decreased sideroblasts and increagedloendothelial iron. Despite the
heterogeneity of underlying infectious, malignand anflammatory diseases described in
conjunction with this type of anemia, there wasmaarkable degree of similarity in terms
of the severity of the anemia, correlating directth the degree of inflammation

present, and it, features which remain characie$tAl today (Barry, 2010).

The World Health Organization (WHO) definition afieania (hemoglobin concentration
<12 g/dL in women and <13 g/dL in men) is most oftesed in epidemiologic studies.
More than 10% of adults of 65 years age and olderWWHO-defined anemia. After age
50 years, prevalence of anemia increases with ath@mage and exceeds 20% in those
85 years and older. Among older adults with aneraproximately one-third have
evidence of iron, folate, and or vitamin B12 dedfimty, another third have renal
insufficiency and/or chronic inflammation, and tlemaining third have anemia that is
unexplained (Patel, 2008). Approximately 50% of tweemia is attributed to iron
deficiency (Stoltzfus, 2003; Stoltzfies al., 2007) while chronic inflammatory diseases
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Introduction

such as rheumatoid arthritis, inflammatory boweledise, bronchial asthma and chronic

kidney disease are the second leading cause ofianaridwide.

Iron homeostasis is controlled by a regulatory ekwnvolving four main components:
bone marrow erythropoiesis, tissue oxygen delivergn stores and inflammation
(Bergamaschi and Vilani 2009). Iron overload (aftemeal or an iron supplement) and
an inflammation are the major cause of anemia leadscreased production of hepcidin,
a liver-derived peptide regulator of iron homeostdglizabeta and Ganz, 2006). Over
the past two years, a variety of experiments haweverged to establish a role for
hepcidin, in iron homeostasis (Campletlal., 2001; Hu Y. et al 2002). Hepcidin causes
a decrease in serum iron (hypoferremia). It blaoks flow from macrophages recycling
iron, from iron stores in the liver and from enwy®s absorbing dietary iron. These
different tasks are accomplished through a uniquechemical mechanism: the
interaction of hepcidin with ferroportin. Hepcidivinds to ferroportin and causes its
internalization and degradation in lysosomes, #ftectively blocking the export of iron
from the cells. Due to this reason hepcidin reprssa negative regulator of intestinal
iron absorption and macrophage iron release (Beagam and Vilani 2009). Expression
of hepcidin increased by inflammation is mediated ibflammatory cytokines like
interleukin-6 (IL-6) (Elizabeta and Ganz, 2006; @aight and Wintrobe, 1952). The
clinical symptoms of anemia often do not stanchmforeground in patients with chronic
inflammatory disease (Silverberg, 2001). Iron sepp@nts and vitamins are generally not
effective in anemia of chronic inflammation. Foetbnusual severe case of anemia of
chronic inflammation, blood transfusions may bephél Additionally, drugs that help
stimulate growth of new red blood cells, like ergiboietin, may be given temporarily
but all these drugs do have risks that are impbrtanconsider before treatment
(Kaltwasser, 2001). The treatment of chronic inflaatory diseases demands a long-term
and systematic approach. Therefore, theran urgent need to identify new types of
pharmacologicalhgents that can treat anemia of chronic inflammatiath greater
efficacy and fewer side effects. Management of esgion of hepcidin is therefore can be
investigated as a potentitlerapeutic procedure in patients with anemia abwic

inflammation.
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Introduction

WHO has approved the use of traditional medicires @art of health programme. To
pursue research in these systems of medicine,ad¥8A agencies and institutions such
as FDA and National Institute of Health have seteparate wings. According to the
WHO survey 80% of the populations living in the d®ping countries rely almost

exclusively on traditional medicine for the primdrgalth care needs. In almost all the
traditional form of medicine, the medicinal plagigy a major role and constitute the

backbone of the traditional medicine.

India has an ancient heritage of traditional meaiciMateria medica of India provides
lots of information on the folklore practices andditional aspects of therapeutically
important natural products. Indian traditional necete is based on various system
including Ayurveda, Siddha and Unani. Also Chinad adK have got their own

traditional system of medicine. These traditionaisteams have their individual

uniqueness but there is a common thread runningudfir these systems in their
fundamental principles and practices. With the gner interest in the world to adopt
and study the traditional system and to exploitirtipotentials based on different
healthcare systems, the evaluation of the richtdggi of the traditional medicine is
essential. In the light of the above facts, presstudy was carried out for
pharmacological evaluation of marketed formulatmnA. sinensis and herbomineral

formulation for the treatment of anemia.

Numerous scientific studies have reported seveedbdl drugs or plant extracts have
their antianemic activity. University of Marylandeatical center have reported use of
siruline and stinging nettle in experimental animaddels. They also reported effect of

Alfalfa, raspberry leaf in animal models of anemmaats.

A. sinensis, belongs to family Apiaceae is well known in theerature as dong quai,
danggui, tang-kuei, Chinese angelica etc. TradiligrA. sinensis has been employed as
a remedy for wide spectrum of diseases. It has peeved to have anti-inflammatory,
anti-cancer, anti-cardiovascula, Immunomodulatdiguroprotective, anti-oxidant, anti-
hepatoprotective effects etc. (Cha@l., 2011).
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Introduction

The chemical constituents present in Angelica ranttude ferulic acid, Z-ligustilide,
butylidenephthalide and various polysaccharidesnoAg these compounds, ferulic acid
reported to exhibits many bioactivities especiallgnti-inflammatory and
immunostimulatory effects (Chaet al.,2011). Z-ligustilide reported to have anti-
inflammatory, anti-cancer, neuroprotective and Igpatective effects and n-
butylidenephthalide exerts anti-inflammatory, adincer and cadioprotective effects
(Chaoet al., 2011). Plant flavonoids like quarcetin, catecapigenin have shown anti-
inflammatory activityin-vivo andin-vitro (Kim, 2004). It has been well documented that
inflammation plays a crucial part in pathogenesiamemia of inflammation (Andrews,
2004). In the previously carried out research wéklsinensis has been evaluated in iron
deficiency anemia. It is reported that sinensis have anti-inflammatory activity by
inhibition of and suppression of TNE-1L-6 and IL-8 (Andrews., 2004). Therefore,
within the context of modern scientific framewotke present study was undertaken to
substantiate claims made of this plant in tradal@system of medicine especially for its

antianemic role in experimental animal model ofanfmation.

The science and practice of Ayurveda has beendia lior many centuries now (Gogtay
et al., 2002). More than 80% of the worlds’ populatia @stimated to use herbal
medicines out of which many of them are in the ttgMag countries (Kambogt al.,
2000). There are various formulations availabl&yarveda, one of which is the Bhasma
-meaning “ash”. Bhasma, as described in the Ayucvdiderature, is a metallic
preparation with organic macromolecules used in tteatment of various human
disorders (Steinest al., 1986).

The empirical use of different herbomineral prepares of iron in the treatment of
anemia dates from ancient times. The calcined preparation ofAyurveda, the ancient
Indian traditional medicine, is known akouha Bhasma'. The preparation of.ouha
Bhasma was followed according to a unique method describgdhe ancient Indian
chemist Nagarjuna around 100 A.D. (Pangital., 1999). Herbomineral formulation
contains Dhatri Loha, Kasis Bhasma, Mandur BhasWashad BhasmaBoerhaavia
diffusa, andwithania somnifera. BhasmaBoerhaavia, andwithania somnifera present in
herbomineral formulation also reported to possegsanemic activity (Santosteh al.,
2011; Lokhandet al.; 2010). Therefore, within the context of modeciestific
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Introduction

framework, the present study was undertaken to tgotigte claims made of this
formulation composition in traditional system of di@ne especially for its anti anemic

role in experimental iron deficiency anemia.

OBJECTIVESOF THE STUDY:

Pharmacognostic evaluation of formulation of rootvder ofA. sinensis.
Pharmacognostic evaluation of herbomineral fortmma

3. To study pharmacological effect of formulationAfsinensis on animalmodel of
anemia of chronic disease.

4. To study pharmacological effect of herbomineratnfalation on animal model of
iron deficiency anemia.

Institute of Pharmacy, Nirma University Page 7



Review of literature

3. Review of Literature

3.1 Introduction to anemia

Anemia is the term given to the reduction in thenber of erythrocytes, in t
concentration of hemoglobin and/or in the hematoas long as the total blo
volume is normal. Shortlyafter acute major blood loss, in dehydratiar, in
hyperhydration the blood volume mufitst be normalized before anemia car
diagnosedUsing the erythrocyte parameters meanpuscular volume (MCV) an
mean corpusculahemoglobin (MCH) anemias cdre classified accondg to cel
volume (MCV:microcytic, normocytic, or macrocytic) and accoglio the ratio ¢
Hb concentration/erythrocyte count (MCH: hypochrominormochromic, or
hyperchromic). Pathogenetic divisiaf the anemias reflects the individual stebs
erythropoiesis as well as the life span of thehengdytes circulating in blood Aite
or chronic blood lossan also lead to anemia (Silbernagadl., 2000).

3.2 Epidemiology

Anemia is a common, multifactorial condition amanider adults. The World Hea
Organization (WHO) definition of anemia (hemoglolancentration <12 g/dL
women and <13 g/dL in men) is most often used ilexpiologic studies of old
adults. More than 10% of communitiwelling adults age 65 years and older
WHO defined anemia. After age 80 years, prevalence of anemia increases
advancing age and exceeds 20% in those 85 year®lded In nursing home
anemia is present in 483% of residents. Incidence of anemia in older t&digl no
well characterized. Among older adults with anenajgproximately onehird have
evidence of iron, folate, and/or vitamin B12 dedioty, another third have re
insufficiency and/or chronic inflammation, and tlegnaining third have anemia t
is unexplained. Several studies demonstrate thamenis associated withopre!
survival in older adults (Patel., 2008urvey data covered 48.8 % of the gl
population, 76.1 % of preschoabed children, 69.0 % of pregnant women and
% of non pregnant women. The estimated global am@mialence is 24.8 % (95
Cl 22.9, 26.7 %), affecting 1.62 billion people @bCI 1.50, 1.74 billion). Estimat
anemia prevalence is 47.4 % (95 % CI 45.7, 49.1n%)eschoohged children, 41
% (95 % CI 39.9, 43.8 %) in pregnant women and 30.@05 %Cl 28.7, 31.6 %) i
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non pregnant women. In numbers, 293 million (95 P28&2, 303 million) preschool
aged children, 56 million (95 % CI 54, 59 millioplegnant women and 468 milli
(95 % CI 446, 491 million) non pregnant women dfected (MacLearet al., 2009).

3.3 Risk Factors

Although nutritional irondeficiency anemia has declined in industrializetioms, i
affects an estimated 2 billion people worldwide.the U.S., iron deficiency is t
most prevalent nutritional deficiency. It is highdgsociated with poverty. People
lower socioeconomic groups have double the riskhote who are middle or up
class. Among Americans with iron deficiency anemyaung children have tl
highest risk followed by premenopausal women. Asicdat and adu men an
postmenopausal women have the lowest risk. Menfaah, are at risk for irc

overload, probably because of their higher meakmtnd their reduced iron loss.
3.3.1Infantsand Children

General Risk Factors for Anemia in Infants and Children- Up to 20% of America
children and 80% of children in developing courdgricome anemic at some p
during their childhood and adolescence. Iron deficy is the most common caus
children, but other forms of anemia, including liktagy blood diseders, can als
cause anemia in this population. Hispanic Ameridaitdren have double the rates
iron deficiency as Africamerican and Caucasian children. Iron deficiendgcit
about 9% of children younger than 2 years. About&%hildren in thisage grou
are anemic as a result. Children in lowsreme homes are at higher risk than tl
in higher income homes. However, children in angome group can develop i
deficiency.Young children 9 - 18 months have thghbst risk for iron deficiency
anemia in the U.S. Such children also are at gnsét for problems in ment
development from anemia. Infant boys may have h@gi more risk than baby gil
In general, full-term, breast-fed infants have egfouron stores dr their first ¢
months of life (Goset al, 2009).
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3.3.2 Premenopausal Women

Up to 10% or more of adolescent and adult womereun8 years are iron deficie
Hispanic American and AfricaAmerican women have double the prevalenct
anemia compared to Caucasian women. The faskanemia in adolescent girls
about 3%. Anemia is generally mild in young womleowever, and is more likely
occur with one or more of the following conditiortdeavy menstruation for long
than 5 days Abnormal uterine bleeding, such as fiibroids pegnancy. About 20
of women in industrialized countries have iron deincy during pregnancy. Multig
pregnancies and births significantly increase i$le (Cuervo., 2007).

3.3.3 Older Adults

About 10% of adults age 65 years and older havenend-or patients in nursir
homes, about 50% are anemic. Causes of anemialémn atlults include nutritior

deficiencies, chronic inflammatory disease, anagiurenal disease.
3.3.4 1ron Poor Diet

Vegetarians who avoid all animal products may havslightly higher risk dr
deficiencies in iron and vitamins. Blthough dried beans and green vegetables
contain iron, it is less easily absorbed from @athian from meat. Fortunately, m
commercial cereals are fortified with vitamin Bl2dafolic acid(the synthetic forr
of folate) (Horneet al, 2009).

3.3.5 Chronicor Critical 1lInesses

A chronic disease that causes inflammation or bleedirat risk for anemia. Critic

illness in the intensive care unit is also highdgaciated with anemia (Doqgai, 2007).
3.3.6 Excessive Exercise

Working out regularly may cause some iron loss,cwhs comparable to that frc
menstruation and rarely worrisome. Dietary choiges/ account for mostases c
sports anemia. Sustained exercise, such as tHatmped by marathon runners,
cause a condition called sports anemia, which mague to slight gastrointesti
bleeding, damaged red blood cells, low iron intg#erneet al., 2009).
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3.3.7 Pregnancy

Iron deficiency occurs in 20% of pregnant womendeveloped countries. Ev
worse, 50% or more of women in nonindustrializetiams become iron deficiel
and 30 -50% are deficient in folic acid. Severe anemiagsoaiated with a high
mortality rate among pregnant women. Mild-to mote@emia, howesr, does n(
pose any elevated risk. Pregnancy increases thdorisanemia in different ways:
increases the body's demand for folic acid andetbee, poses a risk for deficienc
and an increased risk for megaloblastic anemia. lemeis of folaé during pregnant
increase the risk of neural tube defects in newdoltnincreases the body's dem
for iron, thus posing a risk for iron deficiencyemmia. Pregnant or nursing won
need 30 mg of iron per day. Maternal iron deficieramemia is assaaied witt
increased weight or size of the placenta, a candithat may later pose a risk for h
blood pressure in the offspring. Pregnant womeh eiv hemoglobin levels (the iron
bearing component in the blood) have an elevatskl for pre term ordw birtr
weight infants.Pregnancy is also associated with fluid retentighich in turn ma
produce high volumes of plasma (the fluid comporartlood). This can dilute r
blood cells, which may lead to anemia. During dalyy heavy bleeding or mytlie
births can cause postpartum anemia, which occursahbaut 10% of wome

Postpartum anemia can last 6-12 months after giviriy ( Gynecol., 2008).
3.4 Etiologies

3.4.1 Acute Blood L 0ss
Anemia may be nonregenerative in the early phasbkbod loss, before a periphe

reticulocyte response develops. Immediately follmyvhemorrhage, the hemato
may be normal, reflecting a loss of RBCs and plasmegjual proportions. Howev
a shift of water from the interstitial to the intesscular spacensues within 12 to :
hours (more quickly with volume resuscitation). Thesult is a decrease in

hematocrit and the total protein level. At this mipithe RBCs will likely appe
normal in morphology, and anemia is normocytic @edmochromic. As hyoxie
stimulates the release of erythropoietin, reticuies are formed and released f
the bone marrow, and the anemia becomes regereeraty 5 days after acute blc

loss.
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3.4.2 Inflammatory Disease

Chronic inflammatory disease is the most camnntause of anemia in veterin
patients, occurring with conditions such as infactitrauma (bony or soft tisst
immune mediated disease, and neoplasia (focal or dissémsinaThe resultin
anemia, anemia of inflammatory disease (AID), isally mild to moderat
normocytic, normochromic, and nonregenerative. Tgahogenesis of AID

multifactorial, but a key mediator is hepcidin, ypé& 2 acutephase protein tha
produced by the liver in response to inflammatotyngli (Falzacappaet al.,
2005).Specifically, interleuki®, which is produced early during host defe
induces hepcidin synthesis (Gaezal., 2006). Hepcidin inhibits iron export frc
duodenal enterocytes and macrophages, resultidgdareased iron absorption and
accumulation of iron in macrophages (Falzacapgpal., 2005). This reduces t
serum iron level and results in decreased ironlawiéity, which is thought to be
protective mechanism to deprive infectious agefitsom but can also decrease
iron available for erythropoiesis (Storet al ., 1990). Hepcidin production
decreased in hypoxic or iron deficient states (feldet al., 2005).

3.4.3 Renal Disease

The association between progressive renal diseasamemia is well recognized
animals (Cowgillet al., 1992). There are four main components to thiequgenesis
anemia associated with renal disease. The most riemois a deficiency

erythropoietin. Renal disease inhibits the ability the kidneys to increa
erythropoietin production in respango hypoxia. Thus, patients with renal dis
have decreased erythropoietin levels relative &irttlegree of anemia. The sec
component involves the suppressive effects of wetoxins on the bone marrc
These effects appear to be confined to thgheoid cell line, as leukocytes €
platelets do not seem to be similarly suppressedrgatestinal (Remuzzet al.,
1991). The third component, blood loss, is ofterrtmoked as a cause of anemi
patients with renal disease. Bleeding can occurtgbally from the Gl tract, skin, a
other sites due to qualitative platelet dysfunciimiuced by uremic toxins and to
ulcers caused by the effects of uremia on the Gtasa. The fourth potent
component is shortened RBC survival due to mild ¢lgeis. Renal disease m

often causes a normocytic, normochromic, nonregéer anemia. Initially, tr
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anemia is often mild, but as renal function dedila@d the hematocrit drops, it
become severe enough to necessitate blood tramsfuBone marm cytology ma
reveal erythroid hypoplasia with an increased mygedoythroid ratio (Eschbacht
al., 1989).

3.4.4 Feline Leukemia Virus(FeL V)

FeLV can induce anemia by causing bone marrow sggmn, myelodysplas
syndromes, neoplasia (lymphoma or leukemia), oe@rsdary immunenediate:
hemolytic anemia (IMHA). There are three FelLV swgs (A, B, C); infection wit
subgroup C is most ofteassociated with nonregenerative anemia secoridargne
marrow suppression (Abkowita al ., 1987). The virus is believed to affect R
precursors near the stem cell level, as suppresdiother cell lines can also be s
with this disease. Erythrogetin levels can be increased in anemic with Febw\
ferrokinetic studies and bone marrow cultures havealed decreased erythropoi
and an impaired response of the bone marrow to ianéxh strains of FeLV under
cell-associated viral replicatioand can stimulate IMHA. In a survey of 21 cask
feline IMHA, 52% were positive for FeLV. A conditicknown aganleukopenia-like
syndrome can occur with FeLV infection and is characteribgdeukopenia, anem
thrombocytopenia, and enteritis witlesdruction of intestinal crypt epithelium. 1
anemia seen with FelLV infection is most often mitd moderate ar
normocytic-normochromic or macrocytic-normochromic, with catocytopenie
The macrocytosis is thought to result from skippgtbses duringerythropoiesis. z
Megaloblastic anemia has been associated with Fef&ttion and carries a pc
prognosis (Hirsclet al., 1982).

3.4.5 Immune Mediated Hemolytic Anemia(IMHA)

IMHA occurs in cats less frequently than in dodscdn be primary (idiopathic)
secondary to infectious diseases such as mycopfasmoFelLV, toxins, medicatiol
neoplasia, and systemic lupus erythematosus (Wetakr, 1984). Hemolysis in ce
with IMHA is complement mediated and extravascular;cases of intravascu
hemolysis have been reported in feline patientgrégximately 50% of feline IMH,

patients have nonregenerative anemia (Keitah., 2006).
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3.4.6 PureRed Céll Aplasia

Pure ed cell aplasia is a rare syndrome that is chaiaete by sevel
nonregenerative anemia with a lack of RBC precgr&orthe bone marrow, desj
normal leukocyte and platelet counts. Pure redaggiisia can be primary (idiopatt
or secondary to FelLVinfection, most likely with subgroup C, which camgail
maturation of erythroid progenitors. Primary pueel ccell aplasia has been repo
with severe normocytic, normochromic to hypochromigcemia and hematoci
ranging from 6% to 15%. The leukocyd®d platelet counts of these patients
within the normal reference range. Bone marrowrasiph revealed normocellular
hypocellular marrow in most cases, and small, neatymphocytes were found
account for 12% to 45% of the total marrow cell®Kk8! et al., 1999).

3.4.7 Myeloproliferative Syndromes

Myeloproliferative disorders are interrelated dgspic and neoplastic conditions 1
originate from clonal transformation of nonlymphatem cells and their proge
(Raskinet al., 1996). This group of disorders includes myel@iystic syndrom
(MDS), acute and chronic myeloid leukemias, andeacndifferentiated leukemia.
discussion of leukemia is beyond the scope of #nigle. Dysmyelopoiesis is ¢
general term referringptbone marrow disorders that originate in the hepuetic
stem cells and result in a reduction of one or ngpes of circulating blood cel
The anemia is most often nonregenerative and canameocytic and normochron
as well. MDS is considered peetkemic because it can progress to ¢
myelogenous leukemia. However, due to severe cgtapdDS is often leth:

without progression to leukemia (Weitsal., 2005).

3.4.8 Mycoplasma I nfection

Hemobartonella spp have been reclassified as hemotrophic mycopk
(hemoplasmas) based on phylogenetic evidence ai ribsomal RNA ger
sequences (Messioit al., 2004). Theseorganisms do not infect other spebie
haemofelis and ‘Candidatus Mycoplasma haemominutum” are graraegative
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epicellular RBC parasites. They may be sb@ped, ringshaped, or spherical and
exist individually or in chains . The anemia asated with Mycoplasma infectior
occurs via direct RBC damage and (more importamfyhunemediated BC injury,
as suggested by positive Coombs test results. Mbhages in the spleen, liver, lur
and bone marrow cause extravascular hemolysisavilécular hemolysis has b
infrequently reported (Harvest al., 1998). The anemia varies from mild to/ee
and icterus usually is not observed. If the hemétocops acutely, the anemia n

appear nonregenerative. In most cases, the ansmagenerative.

3.4.9 Iron Deficiency

Iron exists in the body as hemoglobin (the most mam form), myoglobin, labil
iron, tissue iron, and transport iron. Each moleafl hemoglobin has four atoms
iron, representing 0.34% of its total weight. Eacttliliter of RBCs contains 1.1 n
of iron (Andrewset al., 2000). Fleabite anemia tends to be most seteaé develo
iron deficiency secondary to blood loss combinetihwaw iron stores at birth (Yap
et al., 1993). lron deficiency is uncommon in adult cattowever, conditior
resulting n chronic gastrointestinal (Gl) blood loss (e.glgetation, neoplasi
endoparasitism) can cause iron deficiency. Othessipte etiologies, although r:
include genitourinary disease (e.g., transitiorl carcinoma) and diseases resul
in thrombocytopenia (Smitét al., 1992). The anemia associated with iron defigr
can range from mild to life threatening. Early dme anemia is often regenerative
is characterized by anisocytosis, polychromasid, raeticulocytosis. Subsequently
can pogress to become nonregenerative, characterizedldgk of reticulocytes al
by microcytosis. Other laboratory findings in feipatients with iron deficiency m
include poikilocytosis, leptocytosis, RBC fragmeia, and thrombocytos
(Mahaffeyet al., 1986).

3.4.10 Nutritional Deficiency

Nutritional deficiency anemias are rarely seen adaly because of the improy
quality of foods and increased awareness of itat requirements. Such anen
are most likely to occur as a result of errarc{s as feeding an improperly balan
homemade diet) or a Gl problem affecting nutritioalsorption. A normocyti
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normochromic, nonregenerative anemia can be sesavierely malnourished due
deficiencies in protein, calories, vitamins, or grials (Watsomt al., 2000). Althoug
iron deficiency is a weltlocumented cause of nonregenerative anemia, mess$ ©
iron deficiency anemia are not nutritional in onigFyfeet al., 1991).

3.5 Classification of anemia

Anemia is defined as a reduced concentration of haemayliobihe blood. It may give rise
fatigue but, especially if it is chronic, is oftearprisingly asymptomatic. The commonest ¢
is blood loss related to menstruation and childribgabut there arseveral different types
anaemia and several different diagnostic levelsteid@ning indices of red cell size ¢
haemoglobin content and microscopical examinatioa stained blood smear of blood al

classified in to following classes (Raetgal., 2006)

3.5.1.Microcytic anemias (MCV < 80 fL

* Iron deficiency anemia

» Thalassemia

* Sideroblastic anemia (hereditary, lead

poisoning)

» Anemia of chronic disease

3.5.2.Normocytic anemias (MCV 80 100 fL )

Increased RBC loss/detruction/sequestration (RPI > 2)
» Acute hemorrhage

* Hemolytic anemia

» Hypersplenism

3.5.3.Decreased RBC production (RPI < 2)

* Nutritional deficiencies (iron, vitamin B12, folate
* Renal insufficiency

» Anemia of chronic disease

* Endocrine dysfunction

* Bone marrow disorder.§., drugs, infections,
aplastic anemia, myelodysplastic syndrome,

multiple myeloma, and other infiltrative diseases)
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3.5.4.Macrocytic anemias (MCV > 100 fL)

 Drugs (methotrexate, zidovudine, hydroxyurea)
» Megaloblastic (vitamin B12 or folate deficiency)
o Liver disease

* Alcohol excess

* Reticulocytosis

* Bone marrow disorders

MCV: Mean corpuscular volume

RPI: Reticulocyte production index

RBC: Red blood cellBenjaminet al., 2004)

3.6 Introduction to anemia of inflammation

Anemia ofchronic disease (ACD) occurs in patients with aartehronic immune activatit
such as infection, cancer, autoimmune diseaséyroncc kidney disease. ACD is character
by normocytic or microcytic iron deficiency anemlaw serum iron, and prese/enarrov
iron. Although the underlying mechanisms of ACD a@ completely understood, there
broad consensus that pro inflammatory cytokinesehaw important role in this syndror
Accordingly, ACD is also known as “anemia of inflaration”. In patients with ACD, pro
inflammatory cytokines and cells of the reticuloetigklial system (RES), includingonocyte
and macrophages, induce characteristic alteratom®n metabolism and erythropoiesighe
pathologic changes leading to ACD are mediated dweral interrelated factors, includi

interleukin-6 (IL- 6), hepcidin and hypoferremiadi@inic., 2009).
3.7 Pathophysiology of anemia of inflammation

From our current view anemia of inflammation isnparily an immunity driven disea:
Various pathwaydnvolved in erythropoiesis are affected to a certaktend by immur
effector molecules and thus contribute to the pg¢hesis of anemia of inflammation.

3.7.1 Disturbances of iron homeostasis

The cause—effect relationship between immunity @&t homestasis has been nic
demonstrated by experiments showing that applicadioTNFo and IL-1 to mice resulted
both, hypoferraemia in serum and induction of ferrsynthesis with the reticuloendothe
system, a condition which is also seen in ACD (ldadezet al., 1989). Thus, TN&and IL-1
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induce ferritin synthesis, iron acquisition andnirstorage by the reticuloendothelial sys
which limits the availability of the metal to tlerythron and results in development of A
(Konjin et al., 1981). The biological effect of TNFand IL-1 has been referred to stimulatiol
ferritin synthesis in macrophages and the liver by the aysskvia transcriptional primarily
H-ferritin gene expression (Tordt al.,1988). Moreover, IL-1 and IL-6 also moddderritir
translation which has been referred to the presehaetarget region within the 50 untranslz
region of ferritin MRNA, termed as acute phase pb&ogerset al., 1990). At the same tir
these cytokines down-regulate TR mRNA expressipra® yet uncharacterized mechanisms.
This leads to the question of how cells stimulateith these pranflammatory cytokines the
acquire iron for incorporation into ferritin. Onery likely explanation is that these cytoki
may stimulate the expression and/or transport ¢gpat the divalent metal transportdd-
(DMT-1) which has been first charactezd in duodenum as the transmembrane protein
able to take up ferrous iron from the luminal sidéhe duodenum by a proton coupled pro
(Gunshinet al., 1997). DMT- 1 has been detected in almost etisspe and recent dasdsc
provided evidence that its expression is up regdldty cytokines (Wardropt al.,2000). |
stimulates ferritin transcription but at the sanmeet it inhibits its translation. The latter car
referred to the induction of NO and presumably alsadical synthesis by ¢hcytokine, whic
then activates IRP-1 binding affinity thus inhibgi IRE-dependent ferritin translatic
Moreover, like pro-inflammatory cytokines IFNinhibit TR mRNA expression by
IRE/IRP-independent process ( Byedal., 1993). Although, IFM blocks TfRmediated iro
uptake it now becomes evident that this cytokiney nrecrease uptake and retention
molecular/ferrous iron in cells. This is achieved up regulation of DMTL expression wit
consecutive stimulation of ferrous iron influx inbaman monocytes. Moreover, IfzNown
regulates the mRNA and protein expression of amataesmembrane protein known as IREG-
1 or ferroportin ( Aigneset al., 2001). This transporter is responsible for ttamdfer of iroi
from the enterocyte to the baselal site of the duodenum where iron is then tiemsd t
transferrin after being oxidized by a membréoend ferroxidase, called hephastein ( Doni
et al., 2000). Ferroportin may also be responsible far €xport of iron from cells. T
reduction in ferroportin expression hyay result in retaining of irowithin monocytes whic
will then be stored within ferritin. Moreover, antiflammatory cytokines are also able
modulate iron homeostasis in activated macrophadéss is primarily achieved by
counteracting the effects of IFNowards ferritin and TfR expression. In activatedrime

macrophages, IL-4, IL-10 and 1.3 inhibit NO formation and thus increase ferritianslatiol
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by opposing IFN /NO-mediated activation of IRP-1. Moreover, TfR mRNevels ar
increased in the presence of these anti-inflammatgtokines which is modlikely due tc
reversing the inhibitory effect of IFNon TfR mRNA expression (Weiss al., 1997). Thu
Th-2-derived cytokines are able to increase WiBdiated iron uptake and storage in activ
macrophages. The in vivo relevance of these efteatsrecently been shown by a study in
Crohn patients received therapy with human recoamifL-10 as part of a placebo control
study. Patients receiving the highest dose levéld -dl0 developed a normocytic anae
which was preceded by a significant increase iaraderritin levels while reticulocyte coul
were not affected as compared to placebo-treatattate (Tilg et al.,). Thus both Th-lanc
Th-2-derived cytokines, participate in the inductiorhgpoferraemia/hyperferritinaemia dur
chronic inflammatory processes(Feelderal., 2002). This is achieved by divergent and subtle
effects on uptake of transferrbound iron via modulation of TfR expression andagquisitior
of ferrous iron via regulation of DMT-formation, on iron retention via reduction ofrtgyortir
expression and iron export and towards iron storage indudion of ferritin synthesi:
Moreover, acute phase proteins such amtitrypsin and 2 macroglobin contribute to
diversion of iron traffic in inhibiting TfRnediated iron uptake into erythroid progenitor £¢
Graziadekt al., 1994).

3.7.2 Inhibition of erythroid progenitor proliferation and differentiation

Cytokines directly affect erythropoiesis by inhibg the growth of erythroid progenitor ce
Mainly proinflammatory immune modulators, such asF&, IFNy and Type | Interferon
block BFU-e and CFU-e colony formation. HoweverN{jFappears to be the most po
inhibitor of erythropoiesis in directly blocking CFe proliferation and this notion is a
reflected by an inverse correlation betweenH&elswith haemoglobin concentrations
reticulocyte counts (Fuchet al., 9191). It was suggested that cytokines may aatewith the
formation and/or function of central growth factdos erythropoiesis, such as stem cell fa
or erythropoietin, or thahey may induce apoptosis/growth arrest in stens.cielwill thus alsi
be interesting to see if part of the inhibitoryeetis of TNF. or IFNy towards erythropoiesis ¢
be referred to their ability to induce the formatiof NO or toxic oxygen radicalNO cat
directly block erythropoiesis by inhibiting the fiferation of erythroid progenitor cells in t
bone marrow (Maciejewslat al., 1995). This is due to an inhibitory effect of N¥D haer

biosynthesis. Thereby, NO blocks erythroid aminolmate synthase mRNA translation b
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mechanism involving activation of IRPs but alsoilis the final step of the haem biosynth
pathway in reducing ferrochelatase activity by ¢dirgg its central ironsulphur cluste
(Furukawaet al., 1995). Moreover, # diversion of iron traffic which subsequently ltet
availability of iron to erythroid progenitor celis also an important factor contributing to
impaired proliferation of erythroid cells at ledst impairing haem biosynthesis. This car
monitored by increased Zwrotoporphyrin IX levels in serum of ACD patientsdicating
limited iron availability to erythroid progenitoelts. Thus an insufficient amount of circulat
levels of erythropoeitin may also play an importaié.

3.7.3 Bonemarrow infiltration

Suppression of bone marrow infiltration can be #drlso directly by invading tumour ct
or microorganisms and also by toxic products derifrem them as shown for HIV or male
plasmodia (Yapet al., 1994). Finallyantiproliferative effects towards erythropoiesivdals(
been described for ferritin. This may be due toitiwion of iron availability to erythro

progenitor cells by the protein.

3.7.4 Blunted erythropoietin response

Although erythropoietin (Epoklels in patients with ACD are mostly increased@spared t
healthy subjects, however, it is assumed that Epel$ are too low for the degree of anae
This notion refers to comparison of erythropoidémels between subjects with iraleficien
anaemia and ACD, showing that erythropoietin lewats significantly higher in irodeficien
anaemic patients(Millegt al., 1990). However, at least in subjects with autoime disorde
such as juvenile chronic arthritis but also in dteh with cancetthis is not the case ( Cora:
et al., 1998).This implies that Epo levels may vary wiitle disease underlying ACD and r
further depend on other factors, such as bone mairdiltration, iron availability o
proliferative capacity of erythroid cellMoreover, Epo responsiveness may also be rela
the severity of the disease and the amount of laitiog cytokines. This is also indicative fr
in-vitro data demonstrating that in the presenchigh concentrations of IFNor TNFo. muct
higher amounts of erythropoietin are needed tmresCFU-E colony formation (Meares al .,
1991). Finally, the response to Epo is largely d€jeat on the presence of a sufficient am
of iron for cell proliferation and haemoglobin sgasis, a condition which isalated in ACD
(Rodriguezet al., 2001).
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3.7.5 Erythrocytelife cycle

There is indication but insufficient evidence inntans as to whether cytokines may im
erythrocyte survival and whether or not this maymstate erythrophagocytosis
macrophages (Karlet al.,1974). One single report showed that administmatf suoletha
doses of TNE or endotoxin to mice reduced red blood cell (RB@)f life, decreased tl
incorporation of iron into RBC, induced hypoferraarand thus caused anaemia (Moldaeter
al., 1989). The amount of circulating erythrocytesyrabso be affeled by erythrophagocytos
a physiological pathway designed to re. move semtswr damaged RBC, the latter poss
being due to effects exerted by cytokines, endataxnd subsequent radical format
Erythrocytes are taken up by phagocytosis and dhen destroyed with
monocytes/macrophages. Within the macrophage gdhen released from haemoglobin
rapidly shifted to rautilization via incorporation into iron proteins.dveover, a high proportic
of erythrocyte iron is released by macrophageslifferent forms, namely as haemoglo
ferritin or low molecular weight iron which thenngis to plasma transferring (Custest
al.,1982). However, since many of such patients agvedplenomegaly an increase
erythrophagocytosis and shortening of erythrocyaé life would not be unlikely. This
compatible with the observation of increased am®uwfterythrocytederived iron in splen
macrophages andKupffer cells under inflammatorydd@ms. Haemolysis is quite an unus
event in the coursef ACD but may contribute to shortening of erythytecsurvival in certai

chronic infections such as subacute endocarditishmrculosis (Fillegt al., 1989).
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Fig 3.1 Pathophysiology of anemia of inflammation (Ryhal., 2008)
3.8 Iron Deficiency Anemia

Iron (Fe) content in the body (2 g in females, if grales) ca./2 is bound to hemoglobin (Hb),
14 is stored iron (ferritin, hemosiderin), the rest ison with diverse functions (myoglobin, Fe-
containing enzymes). Loss of iron is 1mg/d in esaland up to 2 mg/d in feme
(menstruation, pregnancy, birth). Iron taken ufowd, 3-15% is absorbed in the duodenun
cases of Fe deficiency it can be up to 25% . Irdakie with food should therefore be at |
10-20mg/d (women > children > men). Fe can be @lesbrelatively efficiently as heme
ferrous (found in meat and fish). The Fe (splitfmdm heme) gets into the blood or remain
the mucosa as ferritin-F and returns to the lumemacosal cell disintegration. Ndreme F
can be absorbed only in the form of Fe2+, whiclabsorbed by a Fe2+-Hsymport carrie
(DCT1) (in competition with Mn, Co, Cd, etc.). bow pH of the chyme is essential fc

absorption, because it will increase the H+ gmadibat drives Fe2+ into the cell via DCT
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release Fe from compounds in food. Non-heme Fe3aoid must be reduced lberrireductase
(+ ascorbate) to Fe2+ on the surface of the lummatosa FR). Fe uptake by blooc
regulated by the intestinal mucosa: in Fe deficiency mucosal ferritin translationingibited by
binding the Fe-regulating protein IRP1 to ferritRNA, so that more of the absorbed F
can reach the blood. There it is oxidized by cepaemin (+copper) to Fe3+ and boun:
apotransferrin, which transports Fe in plasma. Transferrin (=tegwsferrin with 2 Fe3+)
taken up, viaransferrin receptors, endocytotically in erythroblasts and in hepatiggenta
and other cells. After Fe has transferred to thrgetacells, apotransferriagain becomt
available for Fe absorption from the intestine amatrophages Iron storag&erritin (in the
intestinal mucosa, liver, bone marrow, erythrocyisd plasma), which has a “pocket”
4500 Fe3+ ions, is a rapidly available iron resgr@0mg), while Fe fronhemosiderin is
more difficult to mobilize (250 mg Fe in macrophadem liver and bone marrow). HEe ani
heme-Fe, released from malformed erythroblastscéfled inefficient erythropoiesis) anc
hemolyzed erythroblasts, is boundhaptoglobin and hemopexin respectively, and taken up
the macrophages in bone marrow or by liver andespbyy endocytosis, 97% being reused.
deficiency (serum Fe < 0.4 mg/L; serum ferritinrhibits Hb synthesis so that hypochro
microcytic anemia develops: MCH < 26 pg, MCV < 70 Hb < 110 ¢/L. Blood loss
(gastrointestinal tract, increased menstrual bregdn adults is thenost common cause of iron
deficiency (0.5 mg Fe lost with each mL of bloodje recycling is decreased; this form o
anemia (the second most common worldwide) occutls elronic infections. In this situatio
the Fe regained by the macrophages is no longguatidy released and thus cannot be re
Fe uptake is too low in malnutrition, especially in the developirmguntries. Achlorhydri
atrophic gastritis, after gastrectomynalabsorption in diseases of the upper small intestin
in the presence of Handing food components (phytate in cereals ancetadges; tannic ac
in tea, oxalates, etchere is increased Fe requirement during growth, pregnancy, breast-
feeding and in apotransferrin defect. If Fe ovetlng occurs in the body, damage is cal

mainly to the liver, pancreas and myocardium (hémmmatosis) ( Silbernaget al., 2000).
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3.9 Formulation profile

A. sinensis (dong quai , danggui , tang-kuei , Chinese angglica

Fig. 3.3 Radix A. sinensis (Sun, 2005)
3.9.1 Introduction

In ayurvedic system of medicine, the rootfofinensis (Fam: Apiaceae) are commonly knc
as dong quai,danggui,taikkiei,Chinese angelica. The tree is widely disteduthroughot

China. Its use has been widely uses in Ayurvedignisystems of medicine.
3.9.2 Composition

It contains dried root powder & sinensis.

2.9.3 Botanical Description

It is fragrant, perennial herb, 0508 m high. Stem is glabrous and purplish, witlntidinea
striations. Inferior leaves tripinnate; supericaves are often pinnate; segments oval, dentate
incised, teeth obtuse. Petiole 13em long, sheathed; bracts rudimentary, not premt
Umbels 1044, radiate on top of the plant, rays irregulaterior margin uneven; bracteol
narrow-linear 2—4; pedicels slender; carpophoreattite; each umbel multiflorous (13€
flowers); umbel stem 0.3-5 cm long. Flowers white, 5 petals, glabrousuiaate at the tip
Carpels dorsally compressed, squaltgtical, the base cordiform, the tip roundedlightly
notched; dorsal veins 5, closely placed, projectoegtral vein barely winged, marginal ve
with very large wings; ducts oleaginous, 1 in eartus, 2 in the commissure.( Farnswoeh

al., 1958)
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3.9.4 Chemical constituents
3.9.4.1 Phthalides

Phthalides consist of monomeric phthalides suck-légustilide and phthalide dimers. In 1¢
Danggui was reported in the literature when thégdsdtilide dimer E-232 was isolated (Lab
al ., 1998). The majority of the phthalides identifies relatively norpolar, the fraction ¢
which can be extracted with solvents such as hesxgeatane, petroleum ether, methanol,
ethanol and dichloromethane. The amount difjdstilide in Danggui varies between 1.26
37.7 mg/g dry weight (Yet al., 2001) . Zligustilide facilitates blood circulation, penetatthi
blood brain barrier to limit ischemic brain damageats and attenuates pain behaviour in
(Du et al., 2007). Preclinical studies have indicated th&t @d ZHgustilide may also rele

smooth muscle in the circulatory, respiratory aadtgintestinal systems (Wedgeal., 2009).
3.9.4.2 Organic acids

Danggui contains many organic acids. For exam@aylit acid isolated from Danggui
widely used as the marker compound for assegsiagjuality of Danggui and its produ
Methanol, methandiermic acid (95:5), 70% methanol, 70% ethanol, 56#tanol or dieth
ethermethanol (20:1) is used as the initial extractiolvent. The amount of ferulic acid
Danggui varies between 0.21 and 1.75 mg/g dry wéighet al., 2001) Abundant in rice br:
wheat, barley, tomato, sweet corn and toasted eofferulic acid is an antioxidant, anti
inflammatory and antcancer agent and apart from its effects againshelaer’s disease,

possesses antihyperlipidemic, antimicrobial and@artinogenic properties (Yaal., 2001).
3.9.4.3 Polysaccharides

Biochemical and medical researchers have recerdfn binterested in the anti tumor

immunomodulatory effects of polysaccharides ( O& & al., 2000). The efficacy of AS
associated with its various polysaccharides whioh extracted with water athe initia
extraction solvent. Polysaccharides from AS congisfiucose, galactose, glucose, arabir
rhamnose and xylose (Wamgal., 2003). Danggui contains a neutral polysacchaaiald twe
kinds of acidic polysaccharides ( Setral., 2005).

Institute Of Pharmacy, Nirma University Page 26



Review of literature

3.9.5 Phar macological activities
3.9.5.1 Anti-inflammatory effects

Ferulic acid and isoferulic acid inhibit macrophag#ammatory protein-2 (MIF2) productiol
by murine macropharge RAW 264.7 cells, suggestiag these compounds contribute to
anti-inflammatory activity of AS(Skaat al., 1997) . Z-ligustilide also shows aimilammaton
effects, probably related to inhibition of the TNFactivities(Liuet al., 2005) . AS suppress
NF-B luciferase activity and decreases NO and PGEZ2 uygtamh in lipgolysaccharid
(LPS)/IFN-g-stimulated murine primary peritonealar@phages. Ferulic acid andligustilide,
two major compounds in AS, decrease Nkiciferase activity, which may contribute to
anti-inflammatory activity of AS . Using a muring pouch model, Jungt al. reported that tf
leukocyte count in the pouch exudate decreasdseiALB/c mice fed with 100 mg/kg bo
weight of a root extract accompanied by a decreasige neutrophil count, 1l6- MRNA leve
and TNFe mRNA level in the pouch membrane and by decreade® and PGE
concentrations in the pouch fluid and that the eot@tion of antinflammatory PGD2 in tr
pouch fluid increases as well(Jurg al., 2007). (Fuet al., 2006) reported that n-
butylidenephthalide decreases the secretion of larel TNFe during LPS stimulate

activation of murine dendritic cells 2.4 via theptession of the NB-dependent pathways.

3.9.5.2 Antiasthmatic activity Ligustilide had significant antiasthmatic and spakytic
activities. In guinea pgy at dose of 0.14 mg/kg (ip), the constituent iitbi the asthmat
reaction induced by acetycholine and histamin@tedvenous dose of 0.08 mg/kigginhibitec
histamineinduced asthmatic reaction. In vitro test, ligudél exhibited spamolytic action
isolated guinea pig trachea constricted by acetyuhobarium chloride of histamine &
produced relaxation of the uncontracted trachegudtilide exhibited antisoasdic effect o
isolated trachea strip of the guinea pig contradtgdacetycholine, histamine and bar

chloride, and a relaxation effect on trachea striger normal tension. (Sun, 2005)
3.9.5.3 Antithrombotic effect

Using extracoporeal shunt method the aqueous éxtB@. sinensis (AS) 20 g/kg wit
intravenous injection was found to have inhibit@f§ect on rat arterial thrombus formati
The rate of inhibition was 30%. Sodium ferulaBF) was shown to be one of the ac

antithrombotic constituents present in AS (Sun,500
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3.9.5.4 Immune Support and Hematopoiesis

Lymphocyte proliferation assays indicate dong quoaisistently exerts an immunostimula
effect ( Wilasrusmeet al., 2002). A high molecular weight polysacchariderfd in dong qui
has demonstrated immunostimulating activity and l@od tonifying effect by inducir
hematopoiesis in the bone marrow. This is accomngdlsin part, by either direct or indir
stimulaton of macrophages, fibroblasts, erythrocytes, domytes, and lymphocytes, and
induce an increased secretion of human growth fedtom muscle tissue. Hematopoiesi
further supported by the presence of significanbambs of vitamin B12, folic @d, and biotil
in dong quai ( Huangt al., 1999).

3.9.5.5 Antispasmodic Activity

Ligustilide, butylidenephthalide, and butylphth&idiere found to have antispasmodic act
against rat uterine contractions and in other smaotiscle systems. Theomponents we
characterized as nonspecific antispasmodics with a mechanism differefnom
papaverine(Marderosia al., 2004).

3.9.5.6 Anti cancer effects

AS extract induces apoptosis and causes cell eyodst at GO/G1 in brain tumor cell lines(T
et al., 2005). AS extract also decreases the expressioine angiogenic factor vascL
endothelial growth factor (VEGF) in brain astrooyt® (Leeet al., 2006) . Moreover, n-
butylidenephthalide and Kgustilide are cytotoxic against brain tumor déelles and leukem
cells (Tsai et al., 2006).The three main AS phthalides, namelputdidenephthalid
senkyunolide A and Z-ligustilide, decrease cellbility of colon cancer HT29 cells dos
dependently (Karet al., 2008) It is reported that pretreatment of B@12 cells with Z-
ligustilide attenuates H202rduced cell death, attenuates an increase inceittdar reactiv
oxygen species (ROS) level, decreases Bax expressid cleaves caspa3eand nove
polysaccharide (50 mg/kg, 100 mg/kg) isolated fra® inhibits the growth of HelLa cells
nude mice via an increased activity in the casfBaseaspase-3 and poly (AD#ose
polymerase (PARP) (Cas al., 2010).

3.9.5.7 Nephrotic Syndrome

An herbal preparation of Astragalus and AS has Ibagn used in China to treat nephi

syndrome, as it was thought to elicit antifibrogffects. In a recent animal study the
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mixture was found to retard the progression of Irébeosis and deterioration of renal funct
with an effect similar to the drug enalapril.(Waai@l., 2004).

3.9.5.8 Cardiovascular effects
Pre treatment with AS (15 g/kg daily for 4 weeksgikases doxorubicinduced (15 mg/ke

myocardial damage and serum aspartate aminotrassfé&vels in male ICR mice (Xuahal.,
2007) . Human umbilical vein endothelial cells (HBEWS) treated with AS water extr
activate VEGF gee expression and the p38 pathway, thereby incrgasigiogenic effects

HUVECSs both in vitro and in vivo (Larat al., 2008) . Excess adipose tissue can lead to n
resistance and increases the risk of type 2 dialzatd cardiovascular diseases.t¢¥and 95¢
ethanol extracts of AS effectively decrease fauaudation in 3T3k1 adipocytes and redL
triglyceride content (Gucet al., 2009). Demonstrated that n-butylidenephthalideanti-
angiogenic and is associated with the activationhef p38 ad ERK1/2 signaling pathwa
(Yehetal., 2000)

3.9.5.9 Neuroprotective effects

Z-ligustilide treatment decreases the level of makddhyde (MDA) and increases
activities of the antioxidant enzymes glutathionergxidise (GSHPx) and superoxic
dismuase (SOD) in the ischemic brain tissues in ICRemmmeanwhile there is a decreas
Bax and caspase-3 protein expression (Kuaral., 2006). Zligustilide increases the choli
acetyltransferase activity and inhibits the acdiglme esterase actiyiin ischemic brain tissi
from Wistar rats (Kuanget al., 2008). Extract protects Neuro 2A cell viabiliagainst b-
amyloid (Ab) peptide induced oxidative damage bySRMDA and glutathione (GSH) a
rescues mitochondrial transmembrane potential $eyeluanget al., 2008). Zhgustilide
inhibits the TNFe-activated NB signaling pathway, which may contribute tdigustilide’s
protective effect against Ab peptide-induced neaxigity in rats (Kuanget al., 2009).

3.9.5.10 Anti oxidative activities

BALB/c murine peritoneal macrophages pretreatedh wdrious AS polysaccharide fracti
alleviate the decrease in cell survival caused dsyoutylhydroperoxide, with an increas
intracellular GSH content(Yaneg al., 2007). Furthermore, acidic polysaaride fraction i
also reported the most active fraction in termghbibiting the decrease in cell viability cau

by H202. Acidic polysaccharide fraction also desemathe MDA formation, reduces
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decline in SOD activity and inhibits the depletiohGSH in murine peritoneal macropha
caused by bD, (Yanget al., 2007).

3.9.6 Contraindications

Radix Angelicae Sinensis should not be administeéoedhildren or patients with diarrho
haemorrhagic diseases or hypermenorrhoea, and dshmmil be used during pregnancy
lactation (Zhu, 1987).

3.9.7 Drug interactions

Decreased prothrombin times were reported in ralibdt received both a single subcutan
dose of warfarin (2 mg/kg body weight) and a repeéairal dose of Radix Angelicae Sis&
(2 g/kg body weight twice daily for 3 days) . Thiere, patients receiving anticoagulant thel
should be advised against taking Radix Angelicaeei®is without medical supervision.(Lc
etal., 1995).

3.9.8 Adversereactions

Oral administration of Radix Angelicae Sinensisgenerally regarded as having few side
effects; however, headaches may occur in sensigigiduals(Hirataet al.,1997). No adver:
reactions were reported in 40 people who receivedh@ueous root extract by intraven
administration (240 ml/person) for 30 days .( Cheirag., 1997)

3.10 Herbomineral formulation Profile
3.10.1 Name Bloom Up
3.10.2 Composition

It containdDhatri Loha,Kasis Bhasma,Mandur Bhasma,Yashad BaaBomarnava,

Ashwagandha.
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3.10.3 Biological source of plants

3.10.3.1 Ashwagandha

It obtained from dried root dMthania somnifera belonging to familySolanaceae.
3.10.3.2 Punarnava

It obtained from wlole plant dBoerhaavia diffusa belonging to familyNyctaginaceae.
3.10.4 Chemical constitutes

3.10.4.1 Ashwagandha

The main constituents of Ashwagandha are Alkalo&igroidal lactonesWithin alkaloids
Withanine is the main alkaloid. Other constitueate amino acids, choline, betdesterol
chlorogenic acid, scopoletin, withaferin etc (Lokbdaet al., 2010).

3.10.4.2 Punar nava

Generally whole plant consists the following phytemical constitiutents, those
punarnavine Alkaloids), B-sitosterol (Phytosterols), Liriodendrin (lignang)unarnavosic
(Rotenoids), Boerhavine (Xanthones) and Potassiumateit(Salts). The roots contain
rotenoids boeravinones Al, Bl, C2, D, E and F besithe new dihydroisofurenoxantt
Alanine, Arachidic Acid, Aspartic Acid, Behenic AkiBeta-Sitosterol, Boeravinone AR
Boerhaavic Acid, Borhavine, Borhavone, CampesterBlaucosterol, Bet&cdysone
Flavone,5-7-dihydroxy-3'-4'-dimetho, Xy-6eBmethyl, Galactose, Glutamic Acid, Glutami
Glycerol, Glycine, Hentriacontane N, Heptadecychecid, Histidine, Hypoxanthine-9-I-
arabinofuranoside, Leucine, Liriodendrin, MethianinOleaic Acid, Oxalic Acid, Palmif
Acid, Proline, Proline,hydroxy, Serine, Sitostef@leate, Sitosterol Palmitate, Stearic A
Stigmasterol, Syringaresinol-mono-beta-d-glucosi@areonine, Triacontan-OL, Tyrosine
Ursolic Acid, Valine, Xylose, triacontanol hentratane, R-sitosterol, ursolic acid, 5,7-
dihydroxy-3,4-dimethyoxy-6,8limethyl flavone, and an unidentified ketone (mp)8& he
roots contain the rotenoid boeravinones Al, Bl, C2D, E and F besides the r
dihydroisofurenoxanthin and an antifibrinolytic age Two lignans, liriodendrin ai
syringaresinol mono-(3-D-glucoside, have also besponted in the roots (Santhoshiaal.,
20011).
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3.10.5 Uses
3.10.5.1 Ashwagandha

It has been used in diseases such as rheumatiprsye arthritis and intestinal infectio
Used to treat general debility, arthritis, depressichronic fatigue, insomnia, anxie
depressed immunity, infertility and memory lossisliused as a gerartonic, Blood purifiel
increases the iron content in the blood. It is wisef sexual & general weakness. It gi
vitality and vigour and helps in building greatarderance. It is diuretic, i.e. it promo

urination, and removes functional obstruction & blody (Lokhandet al., 2010).
3.10.5.2 Punar nava

This plant rejuvenates liver, male reproductivetesysand other organ system; detoxifies
and skin; aphrodisiac; increases libido, erectiod guality and quantity of semen; redt
cough, asthma etc. It is used in Vajikarana prames This plahcleanses the kidneys ¢
helps to get rid of renal calculi (kidney stonédainly, the roots and the whole plant is usec
the medicinal purpose, externally punarnava is Ueedhlleviate the pain and swelling. 1
fresh juice of its roots instillehto eyes, mitigates the ailments of the eyes kgt blindnes
and conjunctivitis. The paste applied on the wouddgs up the oozing. Internally, punarn
is beneficial to treat a wide range of diseasesaFhava is the most commonly used anc
best herb to alleviate swelling, due to its potdinretic property. It boosts up the filterati
rejuvenates the renal functions and takes out xhessive fluids and kleda by augmenting
urinary output. The sesame oil, medicated with puenea is ery useful as an adjunct
oleating enemas in the treatment of ascites of vgp@ and flatulence. In large dos
punarnava acts as a purgative. Punarnava effectieduces fever, especially in malaria.
decoction of rasna, sunthi and punarnavaésliest panacea for rheumatic swollen joint
rasna alleviates the pain and vata, sunthi destoya and punarnava reduces the swe
Punarnava enhances the quality of 6 of the 7 catsgof bodily tissues, including nutrit
plasma (Rasa Dhatublood (Rakta Dhatu), muscle (Mamsa Dhatu), fat (M&hatu), bor
marrow and nerves (Majja Dhatu), and reproductivel$ (Shukra Dhatu). For liver disord

(jaundice, hepatitis, cirrhosis, anemia, flukestogiéication, chemical injury, etc), fi
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gallbladder disorders (stones, sluggish function, lowe bproduction, emptying, a
detoxification), for kidney and urinary tract diders (stones, nephritis, urethritis, infectic
renal insufficiency/injury, etc), for menstrual diders (pain, cramps, exssive bleedin
uterine spasms, water retention), to tone, balaawe,strengthen the adrenals (and for ad
exhaustion and excess cortisol production and i tfeatment of following disorde
(Santhoshat al., 2011).

3.10.6 Bhasma

Bhasma (calcified powder or ash) are herbo minarélerbometallic formulation. The secti
of ayurveda which deals with Bhasma is referred'R@sa Sastra’. Buddhist Philosop
Nagarjuna who was considered as father of metalédicine in India used metals and nrals
in the form of Bhasma as therapeutic agent in adios system of medicine from pr
8thcentury A.D. Metals in Bhasma are believed tovigle an enhanced bioavailability to
herb, also act as carrier and catalyst for mangge® ( Kumaet al., 2011).

3.10.6.1 Phar macological actions:

Lauha Bhasma (incinerated iron) possess®sishya (aphrodisiac)Vayasthapana (antiageing’
Lekhana (emaciating) andRasayana(immunomodulator) properties. It increases potdty
(Valya), complexion(Kantijanana) and appetit€Agni Vardhana). It eradicates diseases cat
by vitiatedKapha andPitta (Sarkaret al., 2010).

3.10.6.2 Therapeutic uses:

Lauha Bhasma is used inPandu (anaemia)Prameha (diabetes)yakshma (tuberculosis)Arsha
(piles),Kustha (skin disorders)Krimi Roga (worm infestation)Kshinatwa (cachexia) haulya
(obesity), Grahani (bowel syndrome), Pliha Roga (spleenic disordersyledoroga
(hyperlipidemia),Agnimandya (dyspepsia)Shula (spasmodic pain), and Misha (poisoning
(Sarkaret al., 2010).

3.10.6.3 Adjuvant:

Lauha Bhasma is given with honey, ghee, powder Bérminalia chebula, Terminalia belerica
andEmblica officinalis fruits (Triphala), etc. It is also prescribed with other plant dragsinc
on particular disease (Sarlatral., 2010).

3.10.6.4 Dose:

1/4th to 2Ratti (30 to 250mg)/day (Sarkat al., 2010).

3.10.6.5 Unwholesome Diet:
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Some food stuffs likekushmanda (Benincasa cerifera fruit), sesame oilMasha (Phaseolus
mungo seeds)Rajika {Brassica junceaseeds and oil), wine, sour foods, fish, brinadybellaka
(Momordica charantia fruit), etc. are forbidden during iron therapy (Garet al., 2010).
3.10.6.6 Adversereactions:

The raw iron or improperly preparé@duha Bhasma may cause various ill effects likéritpida
(angina) Kustha (skin disorders)Ashman(urolethiasis)Shula (spasmodic painPaha (burning
sensation), weakneggala Vinasha), etc. even deatfAyu Nasha) (Sarkaret al., 2010).
3.10.6.7 Management of adver se effect:

Powder ofEmbelia ribes fruit (Vidanga) should be given repeatedly with the JuiceSedbania
grandiflora leaves(Munirasa) and patients should be exposed to sunlight. If wionf@statior
occurs, then patient should be purgated by givirggftuit pulp ofCassia fistula (Aragvadha
Phala Mafia). If patients complain of spasmodic pafthula), then Abhraka Bhasma
(incinerated biotite mica) and PowdelEatbelia ribes fruit {Vidanga) with juice of Embelia
ribes fruit {Vidanga) or Powder ofElletoria cardamomum seedg Ela Churna) should be give
repeatedly (Sarkast al., 2010).

Institute Of Pharmacy, Nirma University Page 34



MATERIALSAND METHODS

4 MATERIALSAND METHODS

4.1 Phar macognostical Evaluation:

4.1.1 Collection of Formulations

The capsule ofA. sinensis root powder(Family-Apiaceae) was obtained from a
vendor Vitamin Shoppe Industries IncNew Jersey U.S. and herbomineral
formulation “Bloom up” from UAP Pharma Pvt. LAhmedabad Gujarat India. The
capsule was stored in cool and dry place.

4.1.2 Organoleptic Properties

The organoleptic characters of the samples weréuaeal based on the method
described by Siddiquet al. Organoleptic evaluation refers to evaluation loé t
formulation by color, odor, taste and texture etc.

4.1.3 Physiochemical Evaluation

Physicochemical parameters such as moisture coritgat ash, acid insoluble ash,
water-soluble ash, were determined for formulatté\. sinensis and herbomineral
formulation according to the methods describeduidejines of WHO.

4.1.3.1 Deter mination of moistur e content

The powdered material (1gm) was placed in a mastlish and dried to a constant
weight in an oven at 100 °C-105 °C. The loss ofglvein mg/g of air-dried material
was calculated (Ali., 2009).

4.1.3.2 Deter mination of total ash content

The powdered material (2gm) was accurately weighradl placed in a crucible. The
material was ignited to a constant weight by gridguacreasing the heat to 500 °C-
600 °C until it was white. The residual ash waswéd to cool in a desicator. The

content of total ash in mg/g of air dried matewals calculated (Ali, 2009).

4.1.3.3 Determination of acid insoluble ash content

Hydrochloride acid (2 N; 25 mL) was added to thacdsle containing the total ash,
covered with a watch glass and boiled gently fanib. The watch glass was rinsed
with 5 mL of hot water and the rinsed contents watded to the crucible. The acid
insoluble matter was collected on an ashless fgsgrer and washed with hot water

until the filtrate was neutral. The filter paperntaining acid insoluble matter was
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transferred to the original crucible, dried anditiggh to a constant weight. The residue
was allowed to cool in a desicator and weighed. ddrgent of the acid insoluble ash

in mg/g of air dried material was calculated (R209).

4.1.3.4 Deter mination of water soluble ash content

Water (25mL) was added to the crucible containing total ash, covered with a
watch glass and boiled gently for 5 min. The wagldss was rinsed with 5 ml of hot
water and added to the crucible. The water inselubhtter was collected on an
ashless filter paper and washed with hot water. filtez paper containing the water
insoluble matter was transferred to the originalcible, dried on a hot plate and

ignited to a constant weight. The water soluble@siient was calculated (Ali, 2009).
4.1.4 Phytochemical Analysis

Both the formulation extracted with water or alcblamd extracts was screened
qualitatively for the major groups of chemical ciitoses using standard reagents
(Cocatest al., 2009).

4.1.4.1 Alkaloids
A few ml of (2-3 ml) of solution was evaporated antest tube. One ml of dilute

hydrochloric acid and a few drops of Mayer's redgeere added.

A few ml of (2-3 ml) of solution was evaporateda test tube and a few drops of
Dragendorff's reagent were added.

4.1.4.2 Amino acids
A few ml of (2-3 ml) of solution was evaporatedantest tube and about 2 ml of
millons reagent were added to the solution.

A few ml of (2-3 ml) of solution was evaporated antest tube and Ninhydrine

solution about 2 ml of was added to the solution.
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4.1.4.3 Carbohydrates

A few ml of (2-3 ml) of solution was evaporateda test tube and added few drops
of alcoholiceo-nephthol, few drops of sulphuric acid through afiéhe test tube were
added.

A few ml of (2-3 ml) of solution was evaporated antest tube. To the solution
crystals of resorcinol was added and equal volunt¢Gi. and heated on water bath.

A few ml of (2-3 ml) of solution was evaporatedadrtest tube. To the solution the
equal volume of HCL containing a small amount ofopbglucinol was added and

heated on water bath.
4.1.4.4 Proteins

A few ml of (2-3 ml) of solution was evaporatedartest tube added and heated the

test solution in a boiling water bath.

A few ml of (2-3 ml) of solution was evaporatedarest tube. To the solution biuret

reagent was added.
4.2 Phar macological Evaluations

4.2.1 Study of effect of formulation of A. sinensis on animal model of anemia of

chronic inflammation
4.2.1.1 Experimental Animals

All experiments and protocols described in pressntly were approved by the
Institutional Animal Ethics Committee (IAEC) of fitsite Of Pharmacy, Nirma
University, Ahmedabad as per guidelines of Commifie the Purpose of Control
and Supervision of Experiments on Animals (CPCSBWpistry of Social Justice

and Empowerment, Government of India. Protocol remmb IPS/PCOL/MPH11-

12/1008. Healthy Balb/c mice of either sex (20-3Dgmere selected for the study.
Animals were housed in a pathogen-free environraettie animal house of Institute
of pharmacy, Nirma University. Animals were maintd under well controlled
temperature 22+8C & humidity 55+5% and 12h/12h light/dark cycle.€éjhkept in

well ventilated animal house under natural photigger condition in polypropylene
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cages with free access to food and watetibitum. Animals were acclimatized for

one week before starting the experiment.
4.2.1.2 Experimental Protocol

Allergic asthma was induced by intraperitonial atien of 50 mg ovalbumin + 4 mg
Al(OH); in 0.2 ml saline. On day®1,14" i.p. injection was given. Control animals
were induced with equal volume of vehicle. TreattredrA. Snensis 100 mg/kg, folic

acid 2 mg /kg was given from day 1 to 35 days. Vifefdod, water and body weight
gain was observed. On day 28, 29 and 30 and 3&admiwere exposured to 1%
Ovalbumin in PBS for 20 minutes each day. 24 haditer last exposure blood was
collected and haematological and biochemical patanveere determined like blood
cell count (R.B.C.), hematocrit (ht), haemoglobbj(hreticulocyte , ferritin, total

serum iron, iron binding capacity, transfeerin saion (Cheret al., 2010).

4.2.2 Study of effect of herbomineral formulation on animal model of iron

deficiency anemia.
4.2.2.1 Experimental Animals

All experiments and protocols described in pressntly were approved by the
Institutional Animal Ethics Committee (IAEC) of fitsite Of Pharmacy, Nirma
University, Ahmedabad as per guidelines of Commifier the Purpose of Control
and Supervision of Experiments on Animals (CPCSBMipistry of Social Justice
and Empowerment, Government of India. Protocol rembis and
IPS/PCOL/CONS11-12/2006. Healthy Wistar rat (250-8én) were selected for the
study. Animals were housed in a pathogen-free enmient at the animal house of
Institute of pharmacy, Nirma University. Animals n@emaintained under well
controlled temperature 22+% & humidity 55+5% and 12h/12h light/dark cycle.
They kept in well ventilated animal house undewratphotoperiodic condition in
polypropylene cages with free access to food antérvea libitum. Animals were
acclimatized for one week before starting the expent.
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4.2.2.2 Experimental Protocol

Iron deficiency anemia was induced by agar gel ftieB0 days. On 10,20" 28",

30 days phlebotomy was performed by snipping the¢in of each rat. Treatment of
herbomineral formulation (100 mg/kg, p.o.), staddfolic acid (2mg /kg p.o. )was
given from day one to day 30. After 30 days bloaasveollected from retroorbital
sinus and haematological parameters like bloodceeint (R.B.C.), hematocrit (ht),
haemoglobin(hb), reticulocyte and biochemical ferritotal serum iron, iron binding

capacity, transferin saturation determined (Pagidit., 2009).
4.2.3 Estimation of hematological parameters

4.2.3.1 Red blood cell count

Principle

The number of red cells in bloods are too manytaedsize of cells is too small. It is
therefore not possible to count the cells even umiigh power. This difficulty is
partially overcome by diluting the blood with a tetole dilution fluid to know as
degree. The dilute blood is placed in a capillgzgice of known capacity in between
counting chamber and coverslip. The number of #is @ the small capillary space
of known volume is then counted under the high postehe microscope. The count
can be calculated by multiplying the number witke thlution factor (Goyakt al.,
2008)

Procedure

The Thomas coverslip, counting chamber and theekerns the microscope are
cleaned first with the help of the xylol and thebsarbent cotton. The Thomas
counting chamber is adjusted and observed for RiB@res under low power of the
microscope ,keeping the Thomas coverslip restintherplate form of the slide . The
objective of microscope is raised and then it igjustéd for high power and the
chamber of the RBC square under high power. The Rip€tte is cleaned and dried.
The blood is sucked in the RBC pipette up to theknta5. Immediately the RBC
dilution fluid is sucked up to the mark 101. Theegite is brought to a horizontal
position and the finger placed over the pipettesifple knot is given to the rubber
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tube. The pipette is rolled between the palm to thex blood with dilution fluid for
one minute. Few drops are discarded and then pifzetteld at at the angle of 4f®
the surface of the counting chamber and tip isiaggb the narrow slit between the
counting chamber and coverslip. A drop is allowctmne out from the pipette . The
fluid was run in to the capillary space becauseagfillary action and it is filled. The
drop shouled not flow in to the moat and cover gld$e fluid is allowed to settle for
3 minutes on the stage of microscope. The RBC cbkansblocated and RBC are
counted in one smallest square. This is repeatadather four such chamber.

4.2.3.2 Haemoglobin Estimation
Principle

When blood is mixed with N/10 HCL RB€are haemolysed and Hb is liberated. This
Hb is converted in to acid haematin which is radsbwn color.The solution is
diluted with distilled water till it matches witlhé standard glass(comparison) tubes.
The Hb % can directly be read from the graduatbd {Goyalet al., 2008).

Procedure

The graduated diluting tube and the micropipette aearméd thoroughly and dried.
The graduated diluting tube is filled with N/10 HCL w@ the mark 2 gm or till the
micropipette touches the level of the acid in te tmbe. Blood is sucked in the
micropipette upto the mark 20 cmm. The blood is edrately deposited at the
bottom of the graduated tube .The pipette is rinsemto three times in HCL. The
blood is mixed with the help of the stirrer andrtts®lution is allowed to stand for 10-
15 minutes so that all acid is converted in to d&@dmatin. The mixer is then dituted
with distilled water . Distilled water is added grby drop and every time it is stirred
till the exact match with standard glass tubes btioed. When the matching is
complete, stirrer is taken out from the dilutindgpéuand the scale is read on the side
of tube.

4.2.3.3 Haematocrit (Packed Cell Volume PCV) determination

Principle

A volume of anticoagulated blood is placed in asglaube which is centrifuged so the
blood will be separated into three layers: Reds¢cduffy coat (WBC and platelets)

and plasma. Ideally there should be complete stparaf the three layers.
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Haematocrit is the ratio of the height of red cetdédumn to that of the whole blood in
the tube.

Procedure

The blood sample should be used as fresh as pessibd well mixed. Using the
capillary action, allow blood to enter the tubepgtimg at 10-15 mm from one end.
Wipe the outside of the tube. Seal the dry end ushmg into the plasticine two or
three times. If heat sealing is used rotate theenny of the tube in a fine Bunsen
Burner flame. Placed the tube into one of the deige plate slots, with the sealed
end against the rubber gasket of the centrifugee pfaentrifuged for five minutes.
Read the PCV in the micro haematocrit reader.

4.2.3.4 Reticulocyte count

Principle

Reticulocytes are immature RBCs that contain remaogtoplasmic ribonucleic acid
(RNA) and organelles such as mitochondria and dbws. Reticulocytes are
visualized by staining with supra-vital dyes (stéiving cells) that precipitate the
RBC and organelles. This stain causes the ribolsand residual RNA to
coprecipitate with the few remaining mitochondnnal derritin masses in living young
erythrocytes to form microscopically visible dark#d clusters and filaments
(reticulum). An erythrocyte still possessing RN#Areferred to as a reticulocyte. The
reticulocyte count is a means of assessing thenreqyietic activity of the bone

marrow(Harmening et al.,2004)
Procedure
Preparation of smears

Added 5 drops of new methylene blue solution todpd of thoroughly mixed EDTA
anticoagulated blood to a glass 10 x 75 mm test.tub

Mixed the contents by gently shaking and allowethtmbate at room temperature for
a minimum of 10 minutes. At the end of 10 minutgsntly mixed the blood/stain
solution. Using a capillary tube, placed a drogh&f mixture on each of three slides
near the frosted edge as you would when makingiphgal smear. Using the wedge

smear technique, made acceptable smears not tdo dhithin. Labeled the slides.
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Allow to air dry. (Do not blow to hasten to dryihg
Method using the Miller disc

Use a 100x objective and a 10x ocular secured aiMiiller disc. The Miller disc
imposes two squares (one 9 times the area of tiex)ainto the field of view. Find a
suitable area of the smear. A good area was sh8vi€dRBCs in the smaller square
of the Miller disc. Counted the reticulocytes withthe entire large square including
those that are touching the lines on the left aoitiom of the ruled area. Counted
RBCs in the smaller square whether they contaimesiaRNA or not. A retic in the
smaller square should be counted as an RBC antita Record RBC # counted and
retic # counted separately. Continue counting uatinimum of 111 RBCs have
been observed (usually 15-20 fields). This wowdespond to 999 RBCs counted
with the standard procedure.

Reagents and equipment

Commercially prepared liquid new methylene bluausoh. It should be stored in a
brown bottle. If precipitate is a problem on theesr, the stain should be filtered
prior to use.

Microscope slides

Microscope

10 x 75 mm test tubes

Pasteur pipets (with bulb if pipets are glass)

Capillary tubes

Miller ocular (if available)

4.2.4 Estimation of biochemical parameters

4.2.4.1 Ferritin deter mination

Principle

The FERRITIN CLIA test utilizes a unique monocloraltibody directed against a
distinct antigenic determinant on the intact FERIRITholecule. Mouse monoclonal
anti- FERRITIN antibody is used for solid phase diroiiter wells) immobilization
and a goat anti-FERRITIN antibody is in the antype@thzyme (horseradish
peroxidase) conjugate solution. The test samplallisved to react simultaneously
with the two antibodies, resulting in the FERRITNolecules being sandwiched

between the solid phase and enzyme-linked antiboditer a 60 minutes incubation
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at room temperature, the wells are washed 5 timesvdsh solution to remove
unbound anti-FERRITIN conjugate. A solution of chieiminescent substrate is then
added and read relative light units (RLU) in a Loameters. The intensity of the
emitting light is proportional to the amount of gn®e present and is directly related
to the amount of FERRITIN in the samlehite et al .,1986).

Procedure

Secure the desired number of coated wells in thdehoDispensed 50 of standards,
specimens, and controls into appropriate wells.p&ised 100 of Enzyme
Conjugate Reagent into each well. Thoroughly mited 30 seconds. It is very
important to have complete mixing in this step.ulbated at room temperature (18-
22°C) for about 60 minutes. Rinsed and flicked thierotiter wells 4 times with
washing solution and final 1 time with distilled tea Striked the wells sharply onto
absorbent paper to remove residual water dropldisspensed 100 pl
Chemiluminescence substrate solution into each @elhtly mix for 5 secondfead
wells with a chemiluminescence microwell reademiiButers later. (between 10 and
20 min. after dispenced the substrates.

Reagent Preparation

1. All reagents should be brought to room tempeeatii8- 22°C ) before use.

2. To prepared Chemiluminescence Substrate sojutiake a 1:1 mixing of Reagent
A with Reagent B right before use. Discard the egater use.

3. Prepared the washing solution by diluting 1 p&the 20X PBS concentrate to 19
parts of distilled water.

4.2.4.2 Total serumiron

Principle
The iron in serum is dissociated from its Fe ({it)ansferrin complex by the addition

of an acidic buffer containing hydroxylamine. Thdition reduces the Fe (lll) to Fe
(1. The chromogenic agent, Ferrozine, forms anhjigolored Fe (II) -complex that

is measured photometrically at 560 nm(Tietz, 1976)

Procedure

Labeled test tubes/cuvettes: “Blank”, “StandardCohtrol”, “Sample”, etc. Added
2.5 ml Iron Buffer reagent to all tubes. Added b (50Qul) sample to respective
tubes and mixXNOTE: Added 500 pl iron-free water to blank. Zero spectrophotometer
at 560 nm with the reagent blank. Read and redwdabsorbencies of all tubes (Al
reading). Added 0.05 ml (5@) Iron color reagent to all the tubes. Mixed Plhes!
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the tubes in the heating bath at 37°C for 10 mmuZero the instrument at 560 nm

with the reagent blank. (Wavelength range: 520-%60). Read and recorded

absorbencies of all the tubes (A2 reading).

Reagents

1. Iron buffer reagent: Acetate buffer containir® 2nM Hydroxylamine
hydrochloride, pH 4.5 with surfactant.

2. Iron color reagent: Ferrozine (16.6 mM) in Hydriamine hydrochloride.

3. Iron standard (500g/dl): 500ug Ferrous chloride in Hydroxylamine

hydrochloride.

4.2.4.3 Total iron binding capacity

Principle

The unsaturated iron binding capacity (UIBC) isedetined by adding Fe (1l) ion to
serum so that they bind to the unsaturated irodibghsites on transferrin. The excess
Fe (Il) ions are reacted with Ferrozine to form twdor complex, which measured
photometrically. The difference between the amairfe (Il) added and the amount
of Fe (Il) measured represents the unsaturatedhbnoeding. The total iron binding
capacity (TIBC) is determined by adding the seruam ivalue to the UIBC(Tietz,
1976).

Procedure

UIBC (Unsaturated Iron-Binding Capacity)

Labeled test tubes/cuvettes, "Blank", "Standar@gntrol”, "Test", etc. Added 2.0 ml
UIBC buffer reagent to all tubes. To "Blank" add® Inl iron-free water. Mixed To
"Standard' add 0.5 ml (500) iron-free water plus 0.5 ml (500l) Iron standard.
Mixed To "Test" add 0.5 ml (50Ql) respective sample plus 0.5 ml (500 Iron
Standard. Mixed Zero spectrophotometer at 560 nth véagent blank. Read and
recorded the absorbance of all tubes f@ading). Added 0.05 ml (50l) of Iron
Color Reagent to all tubes. Mixed Placeed all tuhes heating bath at 37°C for ten
(10) minutes. Zero spectrophotometer at 560 nm wéhgent blank. Read and
recorded the absorbance of all tubes,réading).

TIBC (Total Iron-Binding Capacity):

Iron Level + UIBC = TIBC [g/dl)
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Reagents

1. UIBC buffer reagent: Tris buffer 0.5 M, pH 8wWith surfactant, and sodium azide
as a preservative.

2. Iron color reagent: Ferrozine (16.6 mM) in Hydriamine hydrochloride.

3. Iron standard (500ug/dl): 500 pg Ferrous chloride in Hydroxylamine

hydrochloride.

4.2.4.4 Transfferin saturation

Principle

Transferrin is protein which carry iron moleculer ferythropoiesis. Transferrin
saturation which denoted the number of iron bindiitgs on transferrin. Which are
determine by ratio of total serum iron and totahibinding capacity multiply by 100.

Calculation

Percent transferrin saturation (serum iron x 18@deéd by TIBC) [TSAT]

4.3 Stastical Analysis

Results are presented as meaSEM. Statistical differences between the means of
the various groups were evaluated using one-wayysinaof variance (ANOVA)
followed by Tukey’s test. Data were consideredigtiatlly significant at P valug
0.05 and highly significant at®.001. Statistical analysis was performed usingpra

pad Prism 5 statistical software.
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6. DISCUSSION

Anemia is most prevalent disease. Present world wise classified majorly in to iron
deficiency anemia and anemia of chronic disease. Anemia of chronic disease defined as
the anemia occurring in chronic infectious or inflammatory disorders characterized by
hypoferremia in the presence of adequate iron stores (Means et al., 1992). While iron
deficiency anemia is characterized by a defect in hemoglobin synthesis, resulting in red
blood cells that are abnormally small (microcytic) and contain a decreased amount of
hemoglobin (Provan., 1999). Anemiais common in older adults, and its prevalence rises
with age. The National Health and Nutrition Examination Survey (NHANES I11) reports
that just over one of every ten adults >65 years of age is anemic. The prevalence rate is

20% in women and 25% in men.

The world health organization has recognized herbal medicine as an essentia building
block for primary health care for country like India and China. It has recognized the
potentia of traditional and folk medicine in the management self reliance of health care
system and currently it is encouraging and promoting the traditional system in national
health care program of various countries (Shiv prakash et al., 2005). Today, there is a
novel interest in traditional medicine in al over the world as an aternative to pure
synthetic medicine because of various problem associated with them (Manimaram et al.,
2002). These problem include high cost (almost 200 million dolor) long time 15-20 years
taken in development of new drug. The severa side effects and adverse reaction and poor
success are also associated with them. Their fore it is necessary to develop a safe, cost

effective treatment strategies for the management of certain chronic disease like anemia.

In the present study, pharmacognostic evaluation of formulation of A. sinensis and
herbomineral formulation were carried out. The phytochemical analysis showed presence
of carbohydrates, organic acids, phalides in formulation of A. sinensis which correlates
with previous reports by (Wan et al., 2011). Herbomineral formulation also show
presence of akaloid, glycoside. A comparatively low ash vaue indicates presence of less
inorganic matter for A. sinensis powder formulation and high ash value indicates presence
of high inorganic matter for herbomineral formulation. Both the formulation contains low

amount of moisture content and high amount of solid content. The physicochemica and
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phytochemical data of both the formulations correlates well with different standard texts

and floras. These data supports of traditional and folkloric use of both the formulations.

Various complementary and alternative medicines including herbal drugs have been
reported to possess antianemic activity. A. sinensis play potential and beneficial role in
the prevention of various diseases including inflammation, cancer, ulcers, and
cardiovascular disease. The main constituents of the root of A. sinensis reported are

polysaccharide, organic acids, phalides (Wan et al., 2011).

This study aimed to evaluate the anti anemic effect of Angelica sinenis root powder on
ovalbumin induced anemia of inflammation and herbomineral formulation on agar gel

diet and phlebotomy induced iron deficiency anemia.

Anemia of chronic disease (ACD) is very frequently associated with chronic disease.
Anemia of chronic disease (ACD), sometimes called anemia of inflammation, is due to
the effects of chronic inflammation, which result in release of mediators like interleukins
and tumor necrosis factor. Ovalbumin which cause inflammation and release of
inflammatory cytokines which activate T cells and microphage. Activated cells as leads
to increase hepatic hepcidin synthesis, inhibits erythropoietin release, erythroid
proliferation and hemophagocytosis which finaly cause anemia (Rayan et al., 2008). In
present investigation decrease in hemoglobin level was observed in ovalbumin induced
asthmatic animals. Which may be due to inflammation and release of inflammatory
cytokines (Weiss et al., 2005). In the present study treatment with formulation of A.
sinensis significantly (P<0.05) prevented ovalbumin induced reduction in hemoglobin.
Rayan et al. (2008) reported that 1L-6 and hepcidin play role in negative iron homeostasis
thus reduced hemoglobin synthesis. Thus treatment with formulation of A. sinensis
produced improvement in hemoglobin may be due to decrease in negative regulators of

iron homeostasis by inhibition of TNFa, IFNy, IL-6 and hepcidin.

The mature red blood cell (also known as an erythrocyte) carries oxygen attached to the
iron in hemoglobin. The clinical importance of the test is that it is a measure of the
oxygen carrying capacity of the blood (Zargchanski et al., 2008). Mainly

proinflammatory immune modulators, such as TNFa, IFNy and Type | Interferons, block
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BFU-e and CFU-e colony formation. However, IFNy appears to be the most potent
inhibitor of erythropoiesisin directly blocking CFU-e proliferation and this notion is aso
reflected by an inverse correlation between IFNy levels with R.B.C. counts (Fuchs et al .,
9191). In the present study treatment with formulation of A. sinensis produced
significant (P<0.05) elevation in red blood cell count in ovalbumin induced animals. NO
can directly block erythropoiesis by inhibiting the proliferation of erythroid progenitor
cells in the bone marrow (Macigewski et al., 1995). The improvement in R.B.C. leve
observed with treatment with formulation of A. sinensis may be due to stimulation of
proliferation of erythroid progenitor cells in bone marrow by A. sinensis because
polysaccharide of A. sinensis have inhibitory action on NO level (Cai., 2009).

The hematocrit is one of the most precise methods of determining the degree of anemia.
A low hematocrit and hemoglobin usually indicates decreased production, or destruction
of red blood cells. In the present study treatment with formulation of A. sinensis
significantly (P<0.05) prevented ovabumin induced reduction in hematocrit.
Inflammatory immune modulators, which, appears to be the most potent inhibitor of
hematocrit (Fuchs et al., 9191). Inflammatory mediator can directly block erythropoiesis
by inhibiting hematocrit (Chao et al., 2011). The improvement in hematocrit levels was
observed in our study. These improvement may be due to inhibition of inflammatory
mediators (Cai., 2009).

Reticulocytes are juvenile red cells. They contain remnants of ribosomes and ribonucleic
acids which were present in larger amounts in their nucleated precursors. Because the
number of reticulocyte in the periphera blood is afairly accurate reflection of
erythropoietic activity (Blinder et al., 2002). In the present study treatment with
formulation of A. sinensis significantly (P<0.05) prevented ovalbumin induced reduction
in reticulocytes. Cai., 2009 has been reported that in inflammatiory conditions
reticulocytes level wre found to be decreased. The decrease in reticulocyte is may be due
to inflammation which leads to release IFNy which is reported to be have inverse
correlation with reticulocyte count. There fore improvement may be attributed to
inhibition of 1FNYy.
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Iron is the vital component of hemoglobin which are responsible for carrying the oxygen
to the tissues. Ganz (2003) reported that IL-6 and hepcidin play role in negative iron
homeostasis and thereby produces reduction in total serum iron. In the present study
treatment with formulation of A. sinensis significantly (P<0.05) prevented ovalbumin
induced reduction in serum iron. It is reported that A. sinensis polysaccharide have
inhibitory action on hepcidin and IL-6 (Wang et al., 2011). Thus improvement in serum
iron levels may be due to inhibition of I1L-6, hepcidin and TNF-a.

Allergic asthma leads to release of serum ferritin. resultsin both, hypoferraemiain serum
and induction of ferritin synthesis with the reticuloendothelial system, a condition which
is also seen in ACD (Hernandez et al., 1989). Therul et al. (2012) reported that 1L-6
mediates release of hepcidin which leads to release of serum ferritin. In the present study
treatment with formulation of A. sinensis significantly (P<0.05) prevented ovalbumin
induced increase in serum ferritin. The improvement may be due to suppression of
ferritin level from reticuloendothelial system which is reprted to be stimulated in various
inflammatory conditions (Bergamaschi and Vilani 2009).

Tota iron binding capacity which indirectly indicated transferrin. Transferrin is protein
which carry the iron to erythrocyte precursors for erythropoiesis. (Gao et al., 2012) In
the present study treatment with formulation of A. sinensis significantly (P<0.05)
prevented ovalbumin induced reduction in total iron binding capacity. Gao et al. (2012)
reported that inflammation which leads to release of 1L-6 mediated hepcidin production
leads to reduction in the total iron binding capacity. Similar improvement in total iron
binding capacity has been previously reported by due to inhibition of IL-6 and hepcidin.
Thus A. sinensis may be producing this effect by improvement in IL-6, and hepcidin
levels.

Transferrin saturation is the ratio of total serum iron over tota iron binding capacity. It
represented the number of iron binding site on the transferrin. (Gao et al., 2012) In the
present study trestment with A. sinensis root powder formulation significantly (P<0.05)
prevented ovalbumin induced reduction in transferrin saturation. It has been reported that
increased Hfe and hepcidin mMRNA and lowered hepatic iron and transferrin  saturation
(Gao et al., 2012). Thus elevation in transferrin saturation may be due to inhibitory

activities of A. sinensis on hepcidin pathway.
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Iron deficiency is the commonest cause of hypochromic microcytic anaemia. In iron
deficiency, the amount of iron lost from the body exceeds the amount absorbed. The
physiological demand for iron exceeds iron uptake. First there is depletion of the iron
store of the body followed by reduction in the plasma level of iron and development of
hypochromic microcytic anaemia. Hypochromic microcytic anaemia can be interpreted
based on reduction of haemoglobin content, total RBC count, reticulocyte count,
haemaocrit, total serum iron and increase iron binding capacity and decrease in
transferrin saturation and that is why we precise the estimation of these haematol ogical
and biochemical parameters (Godkar & Godkar., 2004).

Bhasma used to use since ancient time for treatment of iron deficiency anemia. Thus the
herbomineral formulation containing Dhatri loha, Kasis bhasma, Mandur bhasma, Yashad
bhasma, Punarnava, Ashwagandha was evaluated on anima model of iron deficiency
anemia. The pharmacological evaluation of herbomineral formulation was carried out
because in market herbomineral formulations are commonly used rather than individual

herbal formulation.

It has been reported that agar gel diet cause iron deficiency anemia due to hemolysis of
red blood cells (Shiv kumar et al., 1985). It is also reported that phlebotomy is the most
common cause of iron deficiency which leads to loss of hemoglobin in blood (Roy.,
2000; Pandit et a., 1998). In the present study we observed decrease in R.B.C.,
hemoglobin, hematocrit, reticulocyte level in anima model of iron deficiency anemia
which correlates with previous studies. In the present study treatment with herbomineral
formulation significantly (P<0.05) prevented agar gel diet and phlebotomy induced
reduction in hemoglobin, red blood cell count, hematocrit and reticulocyte. It has been
reported that lauha bhasma, mandura bhasm, increased blood iron due to depletion of iron
storage, may be due to stimulation of progenitor cells, release of erythropoietin from
kidney (Sarkar et al., 2007; Santosha et al., 2011; Lokhande et al., 2010). Herbomineral
formulation containing bhasma may be responsible for improvement in R.B.C,
hemoglobin levels due to stimulation of progenitor cells (Mohapatara et al., 2010).
Previous reports suggests that punarnava and ashwagandha plays important role in
treatment of anemia. (Lokhande et al., 2010; Raputa et al., 2011). Therefore we can
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conclude that al constitute present in herbomineral formulation participates in

improvement of hematological parameters.

In the present investigation agar gel diet and phlebotomy induced high total iron binding
capacity reduced transferrin saturation and total serum iron. It is in correlation with
previous studies which reported high total iron binding capacity, reduced transferrin
saturation, serum iron level (Pandit et al., 1999). It is reported that bhasma who
contributed role in prevention of iron deficiency anemia improves total iron binding
capacity and transferrin saturation (Santosha et al. 2011). Lokhande et al. (2010) reported
that punarnava is excellent in improvement of blood count and quaity of blood by
removal of toxins. It has been also reported that aswagandhais high in iron and has been
shown to help increase hemoglobin levels and red blood cell counts (kulkarni et al.,
2008). Thus, the improvement in anemia may be due to presence of aswagandha in
herbomineral formulation.Thus we can conclude that herbomineral formulation plays

important role in maintenance of iron homeostasisin iron deficiency anemia.
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7. CONCLUSION

Formulation of root powder of A. sinensis showed beneficial effect on anemia associated
with chronic inflammatory disease such as asthma induced by ovalbumin which
accomplished through improvement of haematological and biochemical parameter like
blood cell count, hematocrit, haemoglobin, reticulocyte , ferritin, total serum iron, iron
binding capacity, transferin saturation. The formulation showed modulation of
haematological and biochemica parameters indicates that A. sinensis may produce its
effect by interaction with hepcidin which is a negative regulator of intestina iron
absorption acting on inflammatory pathway.

The herbomineral formulation also showed modulation in haematologica and
biochemical parameters in animal model of iron deficiency anemia. Modulations on all
these parameters indicate that it may be beneficial in preventing iron deficient anemia by
releasing iron storage. These beneficial effects may be due to presence of constitute
present in formulation. Research on herbal medicines is necessary to improved utilization
by the public would benefit from strong scientific evaluation. Very limited scientific data
are available on herbomineral and herbal medicines with respect to efficacy in animal
models. From above experiments we can conclude that these formulations from herbal

origin are efficient for the management of anemia with and without inflammation.

Ingtitute of pharmacy, Nirma University Page 71



REFERENCES

8. REFERENCES-

* Abboud, S.; Haile, D. J. A novel mammalian ironukaged protein involved
in intracellular iron metabolisnd. Biol Chem2000, 275, 19906-19912.

* Abkowitz, J. L.; Holly, R. D.; Adamson, J. W. Retimus-induced feline purz2
red cell aplasia: the kinetics of erythroid marrfaiure. J Cell Physiol,1987,
132, 571-577.

» activities of eight traditional Chinese herb paBsl Pharm Bull,2009, 32(6),
1021-1026

» Aigner, E.; Weiss, G. Regulation of iron transpoytinflammatory cytokine:s
in human monocytic cells. 13th European macrophagderence. Vienna,
Aug 31th—Sept 1st, 2001, abstract.

» Ali, M. Quality control and standardization,Pharmacognogad a
phytochemistry2009; page Vol. 1, pp. 184-188.

* Alleyne, M.; Horne, MK.; Miller, J. L. Individualied treatment for iron-
deficiency anemia in adultsAm J Med 2008, 121(11), 943-8.

* Alvarez-Hernandez, X.; Licega, J.; McKay, I.; Brock H. Induction of and
modulation of macrophage iron metabolism by tumecrasis factorLab
Invest,1989, 61, 319-322.

* Andrews, A. Anemia of inflammation: the cytokinegoedin link. J. Clin.
Invest,2004, 69, 791-795.

« Andrews, G. A. Smith, J. E. Iron metabolism. Inldrean BF, Zinkl JG, Jain
NC, eds.Schalm’s Veterinary Hematologyth ed. Philadelphia: Williams &
Wilkins; 2000.

Institute of Pharmacy, Nirma University Page 72



REFERENCES

* Andrews, N. C. Anemia of inflammation: the cytokinepcidin link.J Clin
Invest.2004, 113(9),1251-3.

» Barry, Weiss. Anemia of Chronic Disea&déder care,2004, 122-128.

* Benjamin, H.; Gandhi, S. Anemiaf Chronic Disease Making the Right
Call. The Canadian Journal of CME2004, 59.

* Boelaert, J. R.; Weinberg, G. A.; Weinberg, E. Dtefed iron metabolism i1
HIV infection: mechanisms, possible consequenced anoposals for

managementnfectious Disease and Agent996, 5, 36—46.

* Bradley, R. R.; Cunniff, P. J.; Pereira, B.J.; JaBeL. Hematopoietic effect
of Radix angelica sinensis in a hemodialysisdialymtients. Am J Kidney
Dis, 1999, 34(2), 349-54.

* Brotanek,J. M.; Gosz, J.; Weitzman, M.; Flores, I&n deficiency in early
childhood in united state: risk factors and rdetfinic disparities.
Pediatrics.2007, 120(3), 568-75.

* Broxmeyer, H. E. H-ferritin: a regulatory cytokitieat down-modulates celll
proliferation.J Lab Clin Med 1992, 120, 367-370.

* Bu, Y.; Kwon, S.; Kim, Y. T.; Kim, M. Y.; Choi, HKim, J. G.; Jamarkattel-
Pandit, N. Dore S, Kim SH, Kim H: Neuroprotectivifeet of HT008-1, &
prescription of traditional Korean medicine, onnsgnt focal cerebral
ischemia model in rat®hytother Res2010, 24, 1207 1212.

* Byrd, T.; Horwitz, M. A. Regulation of transferrireceptor expression and
ferritin content in human mononuclear macropha@esrdinate upregulation
by iron transferrin and downregulation by interfergamma.J Clin Invest,
1993, 91, 969-976.

Institute of Pharmacy, Nirma University Page 73



REFERENCES

e Cao, W.; Li, XQ.; Wang, X.; Fan, HT.; Zhang, XN.pHi, Y.; Liu, SB.; Mei,
QB.; A novel polysaccharide, isolated from Angelgiaensis (Oliv.) Diels
induces the apoptosis of cervical cancer HelLa délteugh an intrinsic
apoptotic pathwayPhytomed2010, 17, 598-605.

e Cazzola, M.; Ponchio, L.; deBenedetti, F. Defectiwvten supply for
erythropoiesis and adequate endogenous erythrapgoeoduction in the
anemia associated with systemic onset juvenilercbrarthritis.Blood, 1996,
87, 4824-4830.

 Chao, W. W.; Hong, Y. H.; Chen, M. L.; Lin, B. Fahibitory effects of
Angelica sinensis ethyl acetate extract and mammpounds on NkB
transactivation activity and LPS-induced inflamrmoatiJ Ethnopharmacol,
2010, 129, 244-249.

* Chao, W. W.; Kuo, Y. H.; Li, W. C.; Lin, B. F. Thgoduction of nitric oxide:
and prostaglandin E2 in peritoneal macrophageshibited by Andrographis
paniculata, Angelica sinensis and Morus alba ethgktate fractionsJ
Ethnopharmacol2009, 122, 68-75.

e Chao, W. W.; Kuo, Y. H.; Lin, B. F. Construction @romoters based
immunity screening system and its application oa #ghudy of traditional
Chinese medicine herb%aiwanese J Agric Chem Food S2007, 45, 193-
205.

* Chao, W. W.; Lin, B. F. Bioactivities of major cditste isolated from
Angelica sinensiChin Med.2011, 19 (6), 29.

Institute of Pharmacy, Nirma University Page 74



REFERENCES

e Chen, C. M.;Wu, M. Y.;Chou, H. C.Lang, Y. D.ang, L. F.
Downregulation of caveolin-1 in a murine model aute allergic airway
diseasePediatr Neonatql2011, 52(1), 5-10.

* Chen, Q. C.; Lee, J. P.; Jin, W. Y.; Youn, U. Kim, H. J.; Lee, I. S.; Zhang,
X. F.; Song, K. S.; Seong,Y. H.; Bae, K. H. Cytatoxocstituents from
Angelica sinensis radibArchives of Pharmacol Re2)07, 30, 565-569.

» Cokate, C. K.; Purohit, A. P.; Gokhale, S. Pathway to screen
phytochemical nature of natural drug, Pharmacogn@809; pp. 607-615

» Corazza, F.; Beguin, Y.; Bergmann, P.; Andre. Mersier, A.; Devalck, C.;
Fondu, P.; Buyse, M.; Sariban, E. Amemia in chitddreith cancer is
associated with decreased erythropoietin activitgd aot with inadequate
erythropoietin productiorBlood 1998, 92, 17993-1798.

* Cowgill. L. D. Application of recombinant human #rgyopoietin in dogs and
cats. In: Bonagura J. D, Kirk R. W, ed&rk’s Current VeterinaryTherapy
XI, Small Animal PracticePhiladelphia: WB Saunder)92, 484-487.

* Custer, G.; Balcerzak, S.; Rinehart, J. Human np@age hemoglobin-iron
metabolism in vitroAm J Hematql1982, 13, 23-36.

* Dauvis, H. Evidence That the Hemolytic Anemia Cauggdrat and Choline Is
Not Due to Lipotropic ActionScience1947, 43-44.

« DerMarderosian, A.; Beutler, J.; eds. The ReviewNaftural Products. St.
Louis, MO, Facts and Comparisons Publishing Gr@0f4.

« Dominic, S. Role of Interleukin-6 in the Anemia 6hronicDiseaseSemin
Arthritis Rheum2009, 38, 382-388.

Institute of Pharmacy, Nirma University Page 75



REFERENCES

* Dong, Z. B.;Li, S. P.;Hong, M.; Zhu, Q. Hypothesof potential active
components in Angelica sinensis by using biomendmxtraction and high
performance liquid chromatographyyPharm Biomed AnaP005, 38(4), 664-
9.

* Donovan, A.; Brownlie, A.; Zhou, Y.; Shepard, Jra®, S. J.; Moynihan, J.;
Paw, B. H.; Drejer, A.; Barut, B.; Zapata, A.; Law, C.; Brugnara, C.; Lux,
SE.; Pinkus, G. S.; Pinkus, J. L.; Kingsley, P. Balis, J.; Fleming, M. D.;
Andrews, NC. Positional cloning of zebrafish ferwdnl identifies a
conserved vertebrate iron exportdature2000, 403, 776—781.

e Du, J; Yu, Y. Ke, Y.; Wang, C.; Zhu. L.; Qian, K. Ligustilide attenuates
pain behavior induced by acetic acid or formalirEthnopharmacol2007,
112, 211-214.

* Eschbach, J. W. The anemia of chronic renal failBeghophysiology and the
effects of recombinant erythropoietiidney Int1989, 35, 134-148.

* Fahmy, M.; Young, S. P.; Modulation of iron metabai in monocyte cell
line U937 by inflammatory cytokines, changes inngfarrin uptake, iron
handling and ferritin mMRNABiochem J]1993, 296, 175-181.

* Falzacappa, M. V. V.; Muckenthaler, MU. Hepcidiron-hormone and anti-
microbial peptideGene,2005,364, 37-44.

* Fillet, G.; Beguin, Y.; Baldelli, L. Model of retidoendothelial iron
metabolism in human: abnormal behaviour in idiogatemochromatosis and
in inflammation.Blood, 1989, 74, 844—851.

Institute of Pharmacy, Nirma University Page 76



REFERENCES

* FuR.H, Han H. J, Chu C. L, Huang C. M, Liu SWang Y. C, Lin Y. H,
Shyu W. C, Lin S. Z: Lipopolysaccharide stimulatactivation of murine
DC2.4 cells is attenuated by n-butylidenephthalideugh suppression of the
NF-xB pathway. Biotechnol Le011, 33(5):903-910.

* Fuchs, D.; Hausen, A.; Reibnegger. G.; Werner. EWrRerner-Felmayer, G.;
Wachter, H. Immune activation and the anaemia &ssal with chronic
inflammatory disorder€ur J Haematol1991, 46, 65—70.

* Furukawa, T.; Kohno, H.; Tokynaga, R.; TaketaniN8ric oxide mediated
inactivation of mammalian ferrochelatase in vivodam vitro: Possible
involvement of the iron-sulfur cluster of the enauBiochem J, 1995, 310,
533-538.

» Fyfe, J. C.; Giger, U.; Hall, C. A. Inherited sdlee intestinal cobalamin
malabsorption and cobalamin deficiency in ddggsdiatrRes, 1991, 29(1), 24-
31.

» Ganz,T.Hepcidin,a key regulator of iron metabolemd mediator of anemia
of inflammationBlood, 2003, 102(3), 783-8.

 Ganz,T.; Hepcidin and its role in regulating systenron metabolism.
Hematol Am Soc Hematol Educ Progr&2606, 29-35.

* Gao, J.; Chen, J.; Domenico, l.; Koeller, D. Martling, C. O. Hepatocyte-

targeted HFE and TFR2 control hepcidin expressiamice.Blood 2010, 16,
3374-81

» Gogtay, N. J.; Bhatt, H, A.; Dalvi, S. S.; Kshiraag N. A. The use and safety
of non- allopathic Indian medicinBrug Saf, 2002, 25(14), 1005-19.

* Goyal, R. Patel, NPractical antomy and physiolog$rd ed.;2008.

Institute of Pharmacy, Nirma University Page 77



REFERENCES

» Graziadei, l.; Gaggl, S.; Kaserbacher, R.; Braunste H.; Vogel, W. The
acute-phase protein alpha 1-antitrypsin inhibitswgh and proliferation of
human early erythroid progenitor cells (burst-faniunits-erythroid) and of
human erythroleukemic cells (K562) in vitro by irieging with transferrin
iron uptake Blood 1994, 83, 260-268.

* Gunshin, H.; Mackenzie, B.; Berger, U. V.; Gunshih; Romero, M. F.;
Boron, W. F.; Hediger, M. Cloning and characteimatof a mammalian
proton-coupled metal-ion transportBiature 1997, 388, 482-488.

* Guo, A. J.; Choi, R. C.; Cheung, AW. H.; Li, Jhén, I. X,; Dong, T. T.;
Tsim, K. W. K.; Lau, B. W. C. Stimulation of apotiprotein A-IV expression
in Caco-2/TC7 enterocytes and reduction of trigigee formation in 3T3-L1
adipocytes by potential anti-obesity Chinese herbadicines. Chinese
Medicine,2009, 4, 5-12.

« Harmening, D. Clinical Hematology and FundamentsfisHemostasis, '3
edition.;2001.

* Harvey J. W. Haemobartonellosis. In: Greene CE,mdctious Diseases of
the Dog and Cat2nd ed. Philadelphia: WB Saundel898, 166-171.

e Herbert, T.; Ulmer, H.; Kaser, A.; Weiss, G. Imimation Role of IL-10 for
Induction of Anemia Duringd Immunol 2002, 169, 2204-2209.

 Hirata, J. D. Does dong quai have estrogenic effést postmenopausal
women A double-blind, placebo-controlled trigertility and Sterility 1997,
68, 981-986.

Institute of Pharmacy, Nirma University Page 78



REFERENCES

* Hirsch, V.; Dunn, J. Megaloblastic anemia in the GAAHA 1982, 19, 873-
880.

* Huang, S. H.; Lin, C. M.; Chiang, B. H. Protecteffects of Angelica sinensis
extract on amyloi@-peptide induced neurotoxicitiPhytomedicine2008, 15,
710-721.

e Jung, S. M.; Schumacher, H. R.; Kim, H.; Kim, Med, S. H.; Pessler, F.
Reduction of urate crystal uinduced inflammation tmpt extracts from
traditional oriental medicinal plants: elevation pfostaglandin D2 levels.
Arthritis Research & Therapy007, 9, 64-72.

« Kan, W.L.T.; Cho, C. H.; Rudd, J. A.; Lin, Gu8¥ of the anti-proliferative
effects and synergy of phthalides from Angelicassis on colon cancer cells.
J of EthnopharmacoP008, 120, 36-43.

» Karle, H.; The pathogenesis of the anaemia of abrdisorders and the role
of fever in erythrokineticsScand J Haematpl974, 13, 81-86.

* Kaur, N,; Kawatra, B. L. Effect of cooking methoalsd maturity of mustard
leaves of bioavailability of iron. J. Food. St894, 31, 285-288.

« KDOQI. KDOQI. Clinical Practice Guideline and Cloal practice
recommendation for anemia in chronic kidney dised¥@07 update of
hemoglobin targetAm J Kidney Dis2007, 50(3), 471-530.

 Khandare,A.; Kumar, U.; Shankar, H.; KalyanasuadarS.; Rao, G. Effect
of calcium deficiency induced by fluoride intoximat on lipid metabolism in
rabbis.Fluoride, 40(3), 184-189.

* Kim, H. P.; Son, K. H.; Chang H. W. Antiinflammayoplant flavonoids and
cellular action mechanismd.Pharmacol Sci2004, 96(3), 229-45.

Institute of Pharmacy, Nirma University Page 79



REFERENCES

» Kitagawa, S.; You, A.; Yagisawa, M.; Azuma, E.; Yiaka, M.; Furukawa, Y.;
Takahashi, M.; Masuyama, J.; Takaku, F. Activat@inhuman monocyte
functions by tumor necrosis factor. Rapid primirgg £nhanced release of
superoxide and erythrophagocytosis, but no direggering of superoxide
releaseExp Hematql1996, 24, 559-567.

* Kohn, B.; Weingart, C.; Eckmann, V. Primary immumediated hemolytic
anemia in 19 cats: diagnosis, therapy, and outcainéet Intern Med,2006,
20, 159-166.

* Konjin, A. M.; Carmel, N.; Levy, R.; Hershko, C. ffAéin synthesis in
inflammation. Mechanism of increased ferritin syadis. Br J Haematol,
1981, 49, 361-368.

e Kirijt, J.; Niederkofler, V.; Salie, R.; Sefc, L.pekchovska, T.; Vokurka,
M.; Necas, E. Effect of phlebotomy on hepcidin egsion in hemojuvelin-

mutant mice.

* Kuang, X.; Du, J. R.; Chen, Y. S.; Wang, J.; WangN. Protective effect of
Zligustilide against amyloidp-induced neurotoxicity is associated with
decreased pro-inflammatory markers in rat braémrmacol Biochem Behav
2009, 92, 635-641.

 Kuang, X.; Yao, Y.; Du, JR.; Liu, Y. X.; Wang, C..;YQian, Z. M.
Neuroprotective role of Z-ligustilide against foraim ischemic injury in ICR
mice.Brain Res2006, 1102, 145-153.

* Kuang,, X.; Du, J. R.; Liu, Y. X.; Zhang, G. Y.; e H. Y. Postishemic
administration of Z-ligustilide ameliorates cogméi dysfunction and brain
damage induced by permanent forebrain ischemiatsaiRrharmacol Biochem
Behav,2008, 88, 213-221.

Institute of Pharmacy, Nirma University Page 80



REFERENCES

e Kumar, C. S.; Moorthi, C.; Prabu, P. C.; Jonsosindardization of anti-
arthritic herbo-mineral preparatioRJPBCS,2010, 12, 56-68.

e Lam, H. W,; Lin, H. C.; Lao, S. C.; Gao, J. L.; HprS. J.; Leong, C. W.;
Yue, PYK.; Kwan, YW.; Leung, Y. H.; Wang, Y. T.; ke SMY. The
angiogenic effects of Angelica sinensis extract WVEC in vitro and
zebrafish in vivoJ of Cellular Biochem2008, 103, 195-211.

* Lee, G. R. The anemia of chronic diseaSeminars in Hematology,983,
20(2), 61-80.

* Lee, W. H,; Jin, J. S.; Tsai, W. C.; Chen, Y. Tha@ig, W. L.; Yao, C. W,;
Sheu, L. F.; Chen, A. Biological inhibitory effeasthe Chinese herb danggui
on brain astrocytom#&athobiology2006, 73, 141-148.

e Lin, L. Z; He, XG.; Lian, L. Z.; King, W.; Elliott J. Liquid
chromatographicelectrospray mass spectrometricystfidthe phthalides of
Angelica sinensis and chemical changes of Z-lijdstiJ Chromatogr A
1998, 810, 71-79.

e Liu, C,; Li, J.; Meng, F. Y.; Liang, SX.; Deng, R., CK.; Pong, N. H.; Lau,
CP.; Cheng, S. W.; Ye, J. Y.; Chen, JL.; Yang, §an, H; Chen, S.; Chong,
B. H.; Yang, M. Polysaccharides from the rootAsfgelica sinensipromote
hematopoiesis and thrombopoiesisthrough the P13K/Aiathway. BMC
Complement Altern Me@010, 10, 79.

e Liu, L.; Ning, Z. Q.; Shan, S.; Zhang, K.; Deng; Tu, X. P.; Cheng, Y. Y.
Phthalide lactones from Ligusticum chuanxiong ithipopolysaccharide
induced TNFe production and TNkt mediated NReB activation. Planta
Medicine2005, 71, 808-813.

Institute of Pharmacy, Nirma University Page 81



REFERENCES

* Lo, A. Danggui (Angelica sinensis) affects the phacodynamics but not the
pharmacokinetics of warfarin in rabbitsEuropean Journal of Drug
Metabolismand Pharmacokinetic4995, 20, 55-60.

* Lokhande, R.; Singare, P.; Andhale, M. Study omévial content of Some
Ayurvedic Indian Medicinal Plants by Instrumentaleddron Activation
Analysis and AAS Technique2010, HEA SCI JOURNAL4, 210-220.

* Maciejewski, J. P.; Selleri, C.; Sato, T.; Cho,XH.Keefer, L. K.; Nathan, C.
F.; Young, N. S. Nitric oxide suppression of hunfematopoiesis in vitral
Clin Invest 1995, 96, 1085-1092.

* Mabhaffey, E. B. Iron metabolism and its disordéns.Kirk RW, ed.Current
Veterinary Therapy9th ed Philadelphia: WB Saunder$986, 521-524.

* Malyszko, J. Hepcidin assays: ironing out some idet&€lin J Am Soc
Nephrol 2009, 4(6), 1015-6.

* McKie, A. T.; Marciani, P.; Rolfs, A.; Brennan, KWehr, K.; Barrow, D.;
Miret, S.; Bomford, A.; Peters, TJ.; Farzaneh, Hediger, MA.; Hentze,
MW.; Simpson, RJ. A novel duodenal iron-regulategnsporter, IREG1,
implicated in the basolateral transfer of ironhe tirculation Mol Cell, 2000,
5, 299-309.

* McLean, E.; Cogswell, M.; Egli, I.; Wojdyla, D.; eBoist, B. Worldwide
prevalence of anaemia, WHO Vitamin and Mineral Higtm Information
System, 1993-200%ublic Health Nutr2009, 12(4), 444-54.

* Means, R. T.; Krantz, S. B. Progress in understeythe pathogenesis of the
anemia of chronic diseadglood, 1992, 80(7), 1639-47.

* Means, R. T.; Krantz, S. B. Inhibition of humantéargid colony formation by
IFN-gamma can be corrected by human recombinarihrepoietin Blood
1991, 78, 2564—-2570.

Institute of Pharmacy, Nirma University Page 82



REFERENCES

* Messick, J. B. Hemotrophic mycoplasmas (hemoplagnaaseview and new
insights into pathogenic potentiget Clin Pathol004, 33(1), 2-13.

e Miller, C. B.; Jones, R. J.; Piantadosi, S.; Abkld. D.; Spivak, J. L.
Decreased erythropoietin response in patients aftbmia of cancerNew
Engl J Med 1990, 332, 1688-1692.

* Mohaptra, S.; Jha, C. B. Physiochemical chara@gorz of Ayurveda bhasma
a: An approachach standardization.J Ayurveda Re2010, (2), 82-6.

e Moldawer, L. L.; Marano, M. A.; Wei, H. Cachectimfhor necrosis factor-

alpha

* Opasich, C.;Cazzola, M.;Scelsi, L..; Feo, S. Bddn erythropoietin
production and defective iron supply for erythrasi$ as major causes of
anemia in patients with chronic heart failuréur Heart J, 2005, 26(21),
2232-7.

 Panda, A.; Miahra, S.; Mohapatra, S. Iron in AyudiceMedicine.J A D Res,
2011, 2, 287-293.

* Pandit, S.; Biswas, T. K.; Debnath, P. K.; SahayYA.Chowdhury, U.; Shaw,
B. P.; Sen, S.; Mukherjee, B. Chemical and phaabogical evaluation of
different ayurvedic preparation. J Ethnopharmat@9, 65(2), 149-56.

o Patel, K. Epidemiology of Anemia in Older AdultSemin Hematol2008,
45(4), 210-217.properties of polysaccharide foadtiisolated from Angelica
sinensis.Biol Pharm Bull,2007, 30(10), 1884-1890.

* Provan, D. Mechanisms and management of iron defigianaemiaJournal
of Haematology,999, 19-26.

Institute of Pharmacy, Nirma University Page 83



REFERENCES

* Punnonen, K. lrjala, K.;Rajaméki, A. Serum tramsf receptor and
its ratio to serum ferritin in the diagnosis of riraeficiency. Blood, 1997,
89(3), 1052-7.

» Rafferty, S. P.; Domachowske, J. B.; Malech, Hinhibition of hemoglobin
expression by heterologous production of nitricdexsynthase in the K562
erythroleukemic cell lineBlood, 1996, 88, 1070-1078.

* Rajpoot, K.; Mishra, R. N. Boerhaavia diffusa ®dPunarnava mool) —

Review as

* Rasayan (Rejuvenator / Antiaginj)RP Bio Sci2011, 2(4), 212- 222.

* Raskin, R. E. Myelopoiesis and myeloproliferativieodders.Vet Clin North
Am Small Anim Pract996, 26(5), 1023-1041.

* Remuzzi, G. Rossi E. C. Hematologic consequencesedl failure. In:
Brenner BM, edBrenner & Rector's The Kidnewpth ed. Philadelphia: WB
Saundersi991, 2170-2176.

* Robert, D.; Walter, H. Hepcidin: a molecular linktlyeen inflammation and
anaemiaNephrol Dial Transplant2004, 19, 521-524.

* Robert, T.; Means, Jr. Hepcidin and anaerBiaod Reviews2004, 18, 219—-
225.

* Rodriguez, R. M.; Corwin, H. L.; Gettringer, A.; @an, M. J.; Gubler. D.;
Pearl, R. G. Nutrional deficiencies and bluntedtleypoietin response as

causes of anemia of critical illnegsCrit Care,2001, 16, 36-41.

Institute of Pharmacy, Nirma University Page 84



REFERENCES

* Rogers, J. T.; Bridges, K. B.; Durmowics, G.; Glaks Auron, P. R.; Munro,
H. N. Translational control during the acute pheesponse. Ferritin synthesis
in response to interleukin 1.Biol Chem;1990, 265, 14572-14578.

* Roy, C. N.; Weinstein, D. A.; Andrews, NC. The nmltar biology of the
anemia of chronic disease: a hypothd3ediatr Res2003, 53(3), 507-12.

» Sakai, S.; Kawamata, H.; Kogure, T.; Mantani, Nerasawa, K.; Umatake,
M.; Ochiai, H. Inhibitory effect of ferulic acid dnisoferulic acid on
theproduction of macrophage inflammatory proteini2 response to
respiratory syncytial virus infection in RAWZ264.7ells. Mediators of
Inflammation,1999, 8, 173-175.

» Sakai, S.; Ochiai, H.; Nakajima, K.; Terasawa, ihibitory effect of ferulic
acid on macrophage inflammatory protein-2 productiom a murine
macrophage cell line, RAW264.Cytokine, 1997, 9(4), 242-248.

 Salwa, T.; Saleh, A.; Madkour, M.; Hammam, O. &kof Hepcidin in
Anemia of Chronic Hepatitis C Patientiyurnal of American Scienc2010,
6(12).

« Santhosha, D.; Ramesh, A.; Prasad, M.; Sathif2uharnava- A Review.
RJP Bio Chem Sc2011, 2(4), 427- 440.

» Sarkar K. P.; Das S.; Prajapati, P. K. Ancient emof metal pharmacology
based on Ayurveda literatudadian J Exp Bio,2010, 29, 1-6.

e Sarkar, P. K.; Prajapati, P. K.; Choudhary, A. 8aukla, V. J.; Ravishankar,
B. Haematinic evaluation @afauha bhasmandMandura bhasman HgCl, -

induced anemia in ratResearch pape007, 69, 791-795.

Institute of Pharmacy, Nirma University Page 85



REFERENCES

e Sarkar, P.; Prajapati, P.; Sukal, V. J. Toxicityd aecovery studies of two
ayurvedic preparation of iromdian J Exp Bio2009, 74, 987- 992

« Silbernagl, A. Lang, FColour atalas of pathophsiologyg' ed.;2000.

e Smith, J. E.; Iron metabolism in dogs and c&smpend Contin Educ Pract
Vet1992, 14(1), 39 43.

o Stokol, T.; Blue, J. T.; Pure red cell aplasia atsc 9 cases (1989-1997).
JAVMA1999, 214(1), 75-79.

* Stone, M. S.; Freden, G. O. Differentiation of arewf inflammatory disease
from anemia of iron deficiencfompend Contin Edueract Vet,1990, 12(7),
963-966.

* Sun, L. Modern research on chemistry, pharmacolgqiarmacokinetics,
toxicity, and clinical application dRadixAngelica sinensis. Asian Journal of
Drug Metabolism and Pharmacokineti@905, 5(4), 265-281.

e Sun, Y. Tang, J.; Gu, X.; Li, D. Water-soluble ygdccharides from Angelica
sinensis (Oliv.) Diels: Preparation, characteradind bioactivity.Int J Biol
Macromol,2005, 36(5), 283-9.

* Theurl, I;Mattle, V.; Seifert, M.; Mariani, M.; Btth, C.; Weiss, G.
Dysregulated monocytes iron
homeostasis and erythropoietin formation in pasievith anemia of chronic
diseaseBlood,2006,107(10), 4142-8.

» Tietz, N.W.Fundamentals of Clinical Chemistrighiladelphia, W.B.,
Saunders]976.

Institute of Pharmacy, Nirma University Page 86



REFERENCES

* Torti, S. V.; Kwak, E. L.; Miller, SC.; Miller, LL.; Ringold, G. M.; Myambo,
K. B.; Young, A. P.; Torti, F. M. The molecular ding and characterization
of ferritin heavy chain , a tumor necrosis factoducible geneJ Biol Chem,
1988, 263, 12638-12644.

* Tsai, N. M.; Chen, Y. L.; Lee, C. C.; Lin, P. C.hé€hg, Y. L.; Chang, W. L.;
Lin, SZ.; Harn, HJ. The natural compound n-butyhielghthaliude derived
from Angelica sinensis inhibits malignant brain tumgrowth in vitro and in
vivo. J of Neurochen006, 99, 1251-1262.

* Tsai, N. M,; Lin, S. Z.; Lee, C. C.; Chen, SP.; BuC.; Chang, W. L.; Harn,
H. J. The antitumor effects of Angelica sinensisnzadignant brain tumors in
vitro and in vivo.Clin Cancer Re2005, 11, 3475-3484.

* Vulpe, C. D.; Kuo, Y. M.; Murphy, T. L.; Cowley, LAskwith, C.; Libina,
N.; Gitschier, J.; Anderson, GJ. Hephaestin, a loptasmin homologue
implicated in intestinal iron transport, is defeetin the sla mous®&at Genet,
1999, 21, 195-199.

* Wang, C. Q.; Udupa, K. B.; Lipschitz, D. A. Intad@-gamma exerts its
negative regulatory effect primarily on the eatlissages of murine erythroid
progenitor cell developmeni.Cell Physiol 1995, 162, 134-138.

* Wang, H.; Li, J.; Yu, L. Antifibrotic effect of theChinese herbs,
Astragalusmongholicus and Angelica sinensis, inad model ofchronic

puromycin aminonucleoside nephrodige Sci,2004, 74, 1645-1658.

* Wang, K. P.; Zeng, F.; Liu, J. Y.; Guo, D.; Zhang, Inhibitory effect of
polysaccharides isolated from Angelica sinensishepcidin expressionJ
Ethnopharmacql2011, 134(3), 944-8.

Institute of Pharmacy, Nirma University Page 87



REFERENCES

* Wang, P. P.; Zhang ,Y.; Dai, L. Q.; Wang, K. P.€eff of Angelica sinensis
polysaccharide-iron complex on iron deficiency areem rats.Chin J Integr
Med 2007, 13(4), 297-300.

 Wardrop, S. L.; Richardson, D. R. Interferon-gamama lipopolysaccharide
regulate the expression of Nramp2 and increaseipkeke of iron from low
relative molecular mass complexes by macrophageas J Biochem 2000,
267, 6586-93.

* Wedge, D. E.; Klun, J. A.; Tabanca, N.; Demirci; 8zek, T.; Baser, KHC.;
Liu, Z.; Zhang, S.; Cantrell, C. L.; Zhang, J. 8itivity-guided fractionation
and GC/MS fingerprinting of Angelica sinensis andgglica archangelica
root components for antifungal and mosquito detgraetivity. J Agric Food
Chem,2009, 57, 464-470.

* Weiss, D. J. Evaluation of dysmyelopoiesis in c8%:cases (1996- 2005).
JAVMAZ2006, 228(6), 893-897

» Weiss, D. J.; Krehbiel, JD. Studies of the pathegen of anemia of
inflammation: RBC survivalAm J Vet Red,982, 44(10), 1830-1831.

* Weiss, G.; Bogdan, C.; Hentze, M. W. Pathways foe tegulation of
macrophage iron metabolism by the anti-inflammatoytpkines IL-4 and IL-
13.J Immunol1997, 158, 420-425.

* Weiss, G.; Iron and Immunity-a two-sided swdgdr J Clin Invest2002, 32,
70-78.

* Weiss, G.; Goodnough, L. T. Anemia of chronic dsgedl Engl J Med2005,
(10), 1011-23.

Institute of Pharmacy, Nirma University Page 88



REFERENCES

e Werner, L. L.; Gorman, N. T. Immune-mediated disosdof catsVet Clin
North Am Small Anim Pradi984, 14(5), 1039-1051.

« White, D.; Kramer, D.; Johnson, G.; Dick, Am. J. Clin. Path1986, 72,
346.

* Wu, Y. C.; Hsieh, C. L. Phamacological effect @dix Angelica on cerebral
infection.Chin Med,2011, 25(6), 32.

* Xin, Y. F.; Zhou, G. L.; Shen, M.; Chen,Y. X.; Li&, P.; Chen, G. C.; Chen,
H.; You, Z. Q.; Xuan, YX. Angelica sinensis: a nbwsjunct to prevent
doxorubicin induced chronic cardiotoxicitydasic & Clinical Pharmacol
&Toxicol, 2007, 101, 421-426.

* Yan,J.J,; Cho, J. Y., Kim, H. S.; Kim, K. L.; JynJ. S.; Huh, S. O.; Suh, H.
W.; Kim, Y. H.; Song, D. K. Protection agairfsamyloid peptide toxocoty in
vivo with long-term administration of ferulic aciBr J Pharmacal2001, 133,
89-96

* Yang, X.; Zhao, Y.; Lv, Y.; Yang Y, Ruan, Y. Protee effect of
polysaccharide fractions from Radix A. sinensis im@gja tert-
Butylhydroperoxide induced oxidative injury in muoe peritoneal
macrophagesl Biochem Mol BioR007, 40(6), 928-935.

* Yang, X.; Zhao, Y.; Zhou, Y.; Lv, Y.; Mao, J.; ZbhaP. Component and

antioxidant

* Yap, G. S.; Stevenson, M. M. Inhibition of in vitewythropoiesis by soluble
mediators of Plasmodium chabaudi AS malaria: latkaomajor role of
interleukin 1, tumor necrosis factor alpha, and geminterferon.Infect
Immun,1994, 62, 357-362.

Institute of Pharmacy, Nirma University Page 89



REFERENCES

* Yaphe, W.; Giovengo, S.; Moise, S. Severe cardi@tyegecondary to anemia
in a kitten.JAVMA,1993, 6(15), 961-964.

* Yeh, J. C,; Cindrova-Davies, T.; Belleri, M.; Modeili, L.; Miller, N.; Cho,
C. W.; Chan, K.; Wang,Y. T.; Luo, G. A.; Ziche, MPresta, M. natural
compound n-butylidenephthalide derived from theatitd oil of Radix
Angelica sinensis inhibits angiogenesis in vitrad an vivo. Angiogenesis
2011, on line.

* Yi, L.; Liang, Y.; Wu, H.; Yuan, D. The analysis Bfadix Angelicae sinensis
(Danggui). Chromatogr A2009, 1216, 1991-2001.

* Yogeswari, P.; Sathya, T. N.; Balakrishna, P. Ré&xk dose toxicity
evaluation of mandura bhasma — An Ayurvedic préepma®012, Journal of
Herbal Medicine and Toxicologg, (1), 81-84.

* Yu, Y.; Du, J. R.;; Wang, C. Y.; Qian, Z. M. Protiect against hydrogen
peroxide induced injury by Z-ligustilide in PC1Exp Brain Res2008, 184,
307-312.

» Zarychanski, R.; Houston, D. Anemia of chronic ds& A harmful disorder
or an adaptive, beneficial respon€&1AJ,2008, 4, 179.

 Zhang, S.; He, B.; Ge, J.; Li, H.; Luo, X.; Zhamy; Li, Y.; Zhai, C.; Liu, P.;
Liu, X.; Fei, X. Extraction, chemical analysis of ndelica sinensis
polysaccharides and antioxidant activity of theypatcharides in ischemia
reperfusion ratsint J Biol Macromol2010, 47, 546-550.

* Zhang, Z.; Zhao, R.; Qi, J.; Wen, S.; Tang, Y.; \YaD. Inhibition of
glycogen synthase kinas@-By Angelica sinensis extract decrea@esnyloid
induced neurotoxicity and tau phosphorylation ittued cortical neuronsl
Neurosci Re2011, 89, 437-447.

Institute of Pharmacy, Nirma University Page 90



REFERENCES

* Zhu DPQ. Dong quaiAmerican Journal of Chinese Medicjri®87, 15, 117—
125.

e Zoumbos, N. C.; Djeu, J.; Young, N. S. Interferan the suppressor of
hematopoiesis generated by stimulated lymphocytelsnmuno|1984, 133,
769-777.

Institute of Pharmacy, Nirma University Page 91



