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Study of the Test of Inhibitory Effect of Artemisia vulgaris towards Different
Groups of Bacteria Causing Nosocomial Infections

Lipy Adhikari', Pooja Manandhar®, Smriti Gurung®
1Department of Environmental Science and Engineering, Kathmandu University, Nepal
2Department of Natural Science, Kathmandu University, Nepal

Abstract

The study focuses on determining the inhibitory effect of Artemisia vulgaris towards different
groups of bacteria causing nosocomial infections. In the study, the incidence and abundance of
three most common groups of these bacteria (Staphylococcus spp, Enterococcus spp and
Pseudomonas spp) were determined which are gaining increased resistance to different
antibiotics used in treating them. Organisms were isolated from four different hospitals chosen
on the basis of their location and mobility of people. The plate exposure method was used to
isolate the microorganisms from Post Operative ward, Intensive Care Unit and Operation Theater.
The isolated bacteria were then treated by the methanol extract of Artemisia vulgaris to determine
its inhibitory effect towards the isolated organisms. Gram-staining along with various biochemical
tests were undertaken for the identification of the bacterial groups. Among the three groups of
target bacteria, only two i.e. Staphylococcus spp and Enterococcus spp were isolated.
Staphylococcus spp which was isolated from all four hospitals was found to be more common as
compared to Enterococcus spp which was isolated from only two hospitals. Pseudomonas spp
was absent from all four hospitals. Methanol extracts at different concentrations were found to be
effective against both Staphylococcus spp and Enterocccus spp. Artemisia extract was effective in
treating Enterococcus spp from 5% concentration with moderate to encouraging inhibition and
with strong inhibitory effect at 40%, 60% and 100% concentration. Similarly, Staphylococcus spp
showed inhibition from 10% concentration where the effect was encouraging at 10% and very
strong at 60% and 100% concentration.

Keywords: Nosocomial, Artemisia vulgaris, methanol extract, antibiotics

Introduction

Nosocomial refers to hospital; and those infections that are acquired in hospitals or a long
term care facility are termed as Nosocomial Infections. Studies document that these infections are
major causes of morbidity and mortality’. They are a significant problem throughout the world and
studies have revealed that the rates of such infections are on the rise’. Rates of nosocomial
infections are markedly higher in many developing countries, especially for infections that are
largely preventable (e.g., those following surgical procedures such as cesarean section). This is
attributed to the lack of supervision, poor infection prevention practices, and inappropriate use of
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limited resources and overcrowding of hospitals3. Another important factor associated with
increase in nosocomial infections is the development of antibiotic resistance by a number of
microorganisms4.

A large number of microbes/bacteria have been known to be associated/to cause nosocomial
infections. Studies have reported that gram-positive bacteria are the commonest cause of
nosocomial infections with Staphylococcus aureus being the predominant pathogen®®. The
pathogen is responsible for causing around 2 million of the total annual nosocomial infections in
world®. There is a rising concern since Staphylococci are gaining resistance against antibiotics
used to treat infections like Pneumonia®. A study conducted from tertiary care hospitals from
western Nepal alone has resulted in the isolation of 162 S. aureus strains’. Another common
nosocomial microbe is Enteroccus spp. It has been documented that vancomycin-sensitive
enterococcal infections (VRE) are most commonly isolated from highly compromised patients,
such as those in the ICU®. This particular group has been shown to possess resistance against a
broad range of antibiotics such as vancomycin®; vancomycin, teicoplanin, penicillin, gentamicin®;
macrolides fluoroquinolones, tetracyclines, and carbapenems™. Similarly, Pseudomonas spp. is of
serious concern in hospitals contributing to wound related morbidity and mortality worldwide ™. Its
ability to grow well even in the absence of special nutrition, proliferation at room temperature and
resistance to antibiotics pose difficulties in treating Pseudomonas spp. infections™.

Natural products against pathogens: Higher plants produce hundreds to thousands of
diverse chemical compounds with different biological activities™. Antimicrobials of plant origin
have enormous therapeutic potential®*. The antimicrobial compounds from plants may inhibit
bacterial growth by different mechanisms than those presently used antimicrobials and may have
a significant clinical value in treatment of resistant microbial strains**.They are effective in the
treatment of infectious diseases while simultaneously mitigating many of the side effects that are
often associated with synthetic antimicrobial™.It has been reported that traditional medicine has

1817 Ethanolic as well as

provided western medicine with more than 40% of all pharmaceuticals
methanolic extracts of Artemisia spp is known to possess inhibitory effect on bacteria such as
Staphylococcus at various concentrations'®. Artemisia (Asteraceae. L). The active component
found in this plant is Artemisinin which is a highly oxygenated sesquiterpene, containing a unique
1,2,4-trioxane ring structure'®. It has been known to possess antiviral activity against flaviviruses®

1920 1t is used as the leading treatment for malaria in Africa®.

and also used to treat malaria
Studies have revealed that Artemisinin, sesquiterpene lactone with an unusual peroxide bridge, is
the key moiety in the eradication of Plasmodium falciparum and the elimination of breast cancer
cells®®. More recently, they have also shown potent and broad anticancer properties in cell lines
and animal and their efficacy also extends to phylogenetically unrelated parasitic infections such

as schistosomiasis .
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Materials and Methods

Site Selection: Four Hospitals were chosen for the isolation and identification of different groups

of bacteria. Hospitals were chosen on the basis of mobility of people

Research Design: Samples were collected from four different hospitals from three different units

namely, Post Operative ward, Intensive Care Unit and Operation Theater.

Part I: Isolation, Enumeration and Identification of Three Groups of Bacteria:

1.

Preparation of media: Specific media was prepared for the identification of three different
groups of bacteria **

Sample Collection/Isolation of microorganisms: Plate Exposure Method was used. A total of
nine petri-plates were exposed in each uniti.e. POW, OT and ICU with 3 replicates, brought to
the lab, incubated at 37 degree C for twenty four hours for the growth of the organism.
Enumeration of Colonies: Study and counting of the colonies showing characteristics distinct
to the target organism was done. Enumeration was done by taking an average count of three
plates.

Sub-Culture on Nutrient Agar: The colonies with distinct characteristics were sub-cultured on
nutrient agar to obtain pure culture.

Gram-Staining: Gram staining was performed for all the pure cultures.

Biochemical tests: Based on gram stain results, further biochemical tests were performed.

i. Catalase/Oxidase test i. IMVIC test

Table 1: Biochemical tests done and the respective medium used

Test Medium Used
Catalase 3%H,0,

Oxidase Oxidase disk

Methyl Red MR/VP broth
Voges-Proskauer MR/VP broth

Indole SIM

Citrate Simmon Citrate Agar
TSIA Triple Sugar Iron Agar
Litmus milk reduction Litmus milk

Growth of identified organisms in selective media at specific temperature: Organism
identified as Staphylococcs spp from biochemical tests were grown in Mannitol Salt Agar at
42 °C and as Enterococcus spp was grown in Bile Esculin Azide Agar at 44 °C.
Re-Confirmation: The biochemical tests were repeated for all the identified organisms

Part 1l: Methanol Extraction of Artemisia vulgaris: Artemisia vulgaris was collected, shade

dried, grinded into powdered form and soaked in methanol for fifteen days. Approximately two kgs
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of Artemisia vulgaris was soaked in seven and half liters of methanol. Water-bath was used to
generate the extract. Different concentration (5%, 10%, 20%, 40%, 60% and 100%) of Artemisia
extract was prepared using Dimethyl Sulfoxide (DMSO) solution |

Part Ill: Inhibitory test: Borer method was adopted where 50 ul of extract of different
concentrations were taken to fill in the small holes made on Muller Hinton Agar. Plates were then
incubated at 37 °C for 18 hours. Diameter of inhibition zone was measured using a scale.
Experiment was performed in triplicate and the average diameter of inhibition zone was measured
for each sample.

Results and Discussions

Atotal of 5 types of targeted colonies were seen from 106 samples collected from 4 hospitals.
Staphylococcus spp was the most common bacteria and it was present in all four hospitals.
Enterococcus spp was isolated from only two hospitals and found to be less common as
compared to Staphylococcus spp Pseudomonas spp was absent in all four hospitals. Therefore,
among the three groups of bacteria causing nosocomial infections in Post Operative Ward,
Operation Theater and Intensive Care Unit, Staphylococcus spp was found to be most common.
Among the two species of Staphylococcus, S.aureus was more evident as compared to S
epidermidis. Studies have reported that gram-positive bacteria are the commonest cause of
nosocomial infections with Staphylococcus aureus being the predominant pathogen®®.

A study conducted from tertiary care hospitals from western Nepal also has revealed the
presence of S. aureus’. According to WHO 2002, health care settings are an environment where
both infected persons and persons at increased risk of infection congregate. Patients with
infections or carriers of pathogenic microorganisms admitted to hospital are potential sources of
nosocomial infections for patients and staff. Nosocomial infections are increased also because of
crowding of people, frequent impaired immunity (age, illness, and treatments), new
microorganisms and increasing bacterial resistance to antibiotics'. Presence of microorganisms in
these important wards of all the hospitals suggests that the present practices for the control of
microorganisms are not enough. More effort must be made to bring into practice of such methods
which will help to check the transmission of pathogens. More than 50% of injections in developing
countries are unsafe and many injections are unnecessary which results in an increased
incidence of nosocomial infections™®. The presence of bacteria in the studied hospitals could be
attributed to the unsafe practices overcrowding, increased use of antibiotics and inefficient
sanitation measures undertaken in the hospital premises. However, intense and extensive
research is needed before a concrete conclusion is reached. Inhibitory test using Artemisia
vulgaris extract on Staphylococcus spp and Enterococcus spp revealed that the extract was able
to inhibit their growth
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Table No. 2: Standard used for antimicrobial agent: "Department of Plant Resources",

Nepal

Diameter in mm Interpretation

6 + weak

10 ++ moderate

14 +++ encouraging
18 or above ++++ strong

Table No 3: Inhibitory Effect of Artemisia vulgaris on Staphylococcus spp

Organism Micro-pippette  Media used Concentration Inhibition
5% Negligible
10% 14mm
Staphylococcus 50ul Muller Hinton Agar 20% 16mm
spp 40% 17mm
60% 19mm
100% 24mm

Table No 4: Inhibitory effect of Artemisia vulgaris on Enterococcus spp

Organism Micro-pippette Media used Concentration Inhibition
5% 13mm
10% 15mm
Enterococeus 50ul Muller Hinton Agar 20% L7mm
spp 40% 19mm
60% 20mm
100% 25mm

With the increase in concentration of Artemisia vulgaris, there was an
inhibition for both the organisms as shows in the tables 3 and 4.

25 1
20
15
10

5
0 — 7

5 10 20 40 60 100

H Staphylococcus spp Enterococcus spp

increase in the zone of

Figure 1: Comparison of Inhibition zone of Staphylococcus spp and Enterococcus spp
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Figure 2: Diameter of inhibition zone VS Concentration of Artemisia extract for
Staphylococcus spp and Enterococcus spp.

N N W
o U1 O
)

Diameter of inhibition zone
=
o
1

15
y=0.1121x + 13.869
R?=0.9738
0 T T T T T 1
0 20 40 60 80 100 120

Concentration of Artemisia extract

Figure 3: Diameter of inhibition zone VS Concentration of Artemisia extract for
Staphylococcus spp

Concentrations of Artemisia extract positively inhibited the two types of bacterial colony.
Although the extract significantly inhibited Staphylococcus spp with R?= 0.67) and Enterococcus
spp with R*= 0.97) of the bacterial colony, t-test showed that the inhibitory effect of the extract was
not statistically significant in two strains of bacteria.

The inhibitory test done on Staphylococcus spp and Enterococcus spp showed that both the
organisms were inhibited by methanol extract of Artemisia vulgaris. In case of Enterococcus spp,
inhibition was seen from 5% concentration itself with an inhibition zone of diameter of 13 mm
which can be interpreted as moderate to encouraging effect. It can be concluded that Artemisia
vulgaris has encouraging to strong effect at 10 and 20% concentration and very strong effect at 40%
60% and 100% concentration. However, for Staphylococcus spp, the inhibition effect was seen
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only from 10% concentration in which the zone of inhibition was 14 mm. This indicates that, at 10%
concentration, its inhibitory effect is encouraging. Similarly, at 20 %, 40%, 60% and 100%
concentration, the effect was very strong. The result of this study is in accordance with the
previous finding where methanolic extracts of various species of Artemisia has showed inhibitory
action against Staphylococcus at higher concentration (10 mg/ mL)*. The inhibitory tests
performed showed that methanol extract of Artemisia vulgaris was effective in treating both
Staphylococcus spp and Enterococcus spp. Methanol extract of Artemisia vulgaris was found to
have considerable inhibitory effects towards both the organisms. With further necessary studies, it
could be used as a better alternative to the existing antibiotics. The plant has the potential to be
used as an antimicrobial agent.
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Detection of Microhemagglutinate during Blood Grouping to Minimize the
Risk of Mismatched Blood Transfusion

Mukul Chandra Gope
Department of Physiology, Rajendra Institute of Medical Sciences, Ranchi — 834009

Abstract

The method of interpretation of a blood group in practice, widely in the laboratories, is to rely on
'naked eye observation' for the formation of clumps, i.e. observation of Macroclumps
(Macrohemagglutinates). In the present study, 137 medical students were blood-grouped to find
out the incidence of Microclumping. Samples of around 2% cases were demonstrated
microclumping under microscope, initially which were wrongly interpreted as negative (absent
clumps) on naked eye observation (for macroclumps).

Key words: Blood grouping, Microscope, Microhemagglutinate, Macrohemagglutinate, donated
blood, mismatched transfusion

Introduction

Human blood is an essential element of human life with no substitute. The use of whole blood
is now a well-accepted and well-used measure in many major surgeries and emergency care of
trauma patients. Blood transfusion has been responsible for saving millions of lives each year
around the world. Yet the quantity and quality of blood pool available for transfusions is still a
major concern across the globe, especially in the developing countries. According to the World
Health Organization South Eastern Asia's estimated blood requirement are about 15 million units
per year. India has 2,433 blood banks that require 9 million units of blood annually (Prathama,
20009).

When such large numbers are involved, it is inevitable that problems will occur. These may
arise during the actual transfusion or during the pre and post transfusion periods (Wood et al.,
2009). Difficulties can arise because of:
¢ Nonhemolytic febrile reactions: These result from a donor white cell antigen/antibody reaction,

the most common complication.

e Fluid overload: This should be rare but may occur in the elderly.

e Benign allergic reactions (rash, pruritis, urticaria) or true anaphylaxis (rare).

e ABO blood group antigen incompatibility, an immune reaction from naturally occurring red cell
antibodies causing intravascular hemolysis.

e Transfusion-related lung injury (TRALI): Acute noncardiac pulmonary edema.

e Infection from bacterial, parasitic, or viral contamination.
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e Posttransfusion purpura (PTP): Severe thrombocytopenia developing 5-10 days
posttransfusion.

Importance of microscopy in Blood Grouping: Red blood cells show different size of
agglutinate on mixing with corresponding antisera during blood grouping, depending on the
representation of the amount of the surface antigen. Person exhibiting lesser amount of surface
antigen on erythrocytes, tend to form microheamagglutinates. Only with the use of microscope
such microheamagglutinate can be conformed. Naked eye observation certainly fails to detect
such microheamagglutinate.

Rationale of present work: As a common practice, blood groping is done in the loboratories
and blood banks, relying solely on naked eye observations i.e. for the macroclumps. This has
drawback as to miss the microclumps. Present study is intended to find out the percentage of
individuals those exhibit microclumping, which will othrwise be wrongly labelled with a different
blood group, with the method in use, in practice.

For the determination of blood group, antisera (A, B or Rh) are mixed with diluted blood (1:16
ratio of blood with normal/isotonic saline). The hemagglutination that occurs after such mixing, can
be of four grades (Table 1)

Table 1: Grades of hemagglutination

Grade Nature of clump/clumps Observation
Grade 1 Large, single clump Visible by naked eye
Grade 2 Medium sized clumps Visible by naked eye
Grade 3 Small sized clumps Visible by naked eye
Grade 4 Microscopic clumps Visible by microscope only

So, it is necessary to observe all the samples of the blood groups which do not show
macroclumps under microscope to detect Grade 4 type of hemagglutination i.e.,
microhemagglutination, otherwise Grade 4 will be wrongly interpreted as "no-hemagglutination”
on naked eye observation.

Material and Method

137 medical students (RIMS, Ranchi) in 3 groups have been included in the present study
to find out the incidence of microhemagglutination. After taking all aseptic precautions, blood drop
was obtained by pricking the ring finger of less dominant hand (right hand ring finger for left
hander person and vice versa). The drop was mixed with normal saline in 1:16 ratio (i.e. 1 drop of
blood was mixed with 16 drops of normal saline). The mixture was thoroughly prepared with help
of a wooden stick (tooth-pick).

10
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Three glass slides were taken. One drop of Antisera A, B and Rh (D) were taken at one
end of the slides and at the other end of the slides, one drop of the diluted blood was taken as
"control”. One drop of diluted blood was added to each of the three anti-sera, and mixed properly
with separate wooden sticks. At this point, time is noted to calculate the "time interval" after which
visible clumps appears on naked eye observation. All the slides demonstrating "no
hemagglutination" on naked eye observation were examined under digital microscope (Leica) to
rule out micro-hemagglutination.

Results
Table 2: Time interval (min) after which clumps have been observed

Time interval (min) No of samples
<2 110
2t05 25
5to 10 2

Table 3: Blood groups with macro and micro clumping

Blood groups Macro clumps Microscopic clumps Total Percentage
A 26 NIL 26 18.98
B 55 NIL 55 40.15
AB A 06 NIL ° 04.38

B 05 1 6

@) NIL NIL 50 36.49
92 01 137 100

Antisera D Macro clumps Microscopic clumps Total Percentage
Rh +ve 129 2 131 95.62

Table 3 shows the number of macro and micro clumps, observed in the study group.
Blood Group A and B have shown macroclumps (Figure 1a), which were visible by naked eye.
One case of Blood Group AB was initially labeled as blood Group A, on naked eye observation.
On microscopic observation, microclumps were observed with antisera B and therefore finally
labeled as Blood Group AB (Figure 1b).

Similarly, in two of the samples, naked eye observation was unable to demonstrate clumps
with anti D, hence initially labeled as A —ve and O —ve. Therefore, finally both of the samples were
labeled as A +ve and O +ve respectively. The pattern of microclumping observed under
microscope was with an approximate clumps size of 15-20 um.

11
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Figure 1b: Microhemagglutination (Antisera
B) with approx diameter of 34 u of the largest
hemagglutination

Figure la: Macro hemagglutination with
approx diameter of 120 u

Figure 1d: Undiluted or under-diluted blood
tends to form rouleaux, which often are
misinterpreted as clump +ve on naked eye
observations.

Figure 1c: Microhemagglutination (Antisera
D: Rh) with approx diameter of 54 u of the
largest hemagglutination

Unfortunately, in many blood banks and test laboratories, undiluted or under-diluted blood
(instead of standard 1:16 ratio, they use 1:8 or lower ratio of blood and normal saline and
sometimes even undiluted blood also ) samples are used for blood grouping. The possible
explanation behind this ill practice is the intention of obtaining larger clumps for easy naked eye
observation. But this does not help as intended to, since the undiluted or under-diluted blood
tends to form rouleaux, on mixing with the antisera (Figure 1d). This creates confusion in clump-
negative samples since, the mixture appear hazy on naked eye observations, and often wrongly
labeled positive (false positive) for clumps. In Figure 1b the clumps cannot be seen by naked eye

12
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observation, since smallest feature visible to naked eye is 40 micron as per Intel®. Figure 1c, the
small clumps, which are visible to naked eye observation with difficulty, provided:

e Acuity - the person has 6/6 acuity of vision;

e Light source - bright day light;

e Background - observed against white background.

Discussion

It has been widely in practice to rely on naked eye observation of the macroclumps formation
for the determination of the blood groups. In fact this is a serious mistake, since one cannot see
the microclumps by naked eyes. Therefore some of the samples having microclumps are missed
out and hence, are interpreted as "negative" (i.e. A -ve, B -ve or O -ve etc). Use of microscope is
mandatory ( Guyton & C.L. Ghai) while doing blood grouping. The reason of microclumps

M L s
AR

RBCs showing normal amount of Antibodies in Serum Macroclumping of RBCs
surface antigens

formation can be understood by Figure 2a and 2b.

>

Figure 2a: Formation of large/macro clumps due to normal amount of surface antigens

>-
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Y

RBCs showing less amount of Antibodies in Serum Microclumping of RBCs
surface antigens

Figure 2b: Formation of micro clumps due to less amount of surface antigens
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So, it can be concluded that the representation of lesser amount of surface antigen (possibly
genetically determined) on the cell surface of RBCs, can be a cause of formation of microclumps.
In the present study group, 3 such samples of microclumping were observed (out of 137 total
samples) which equals 2.19% of the total. If we consider a bigger population, such cases will be
evident in large number of people.

The Risk

The risk of labeling a “positive” blood group of Rh type as “Negative” is observed only when,
the person concerned, ‘donates' blood (as a “Negative” donor) to a “negative blood group”,
patient.

While observing many of the cases of mismatched blood transfusion, the cases of
microclump misinterpretation and mismatched transfusion are difficult to prove, even in the court.
The reason of this is, the donor’s identity is not always available from the blood bank. If such
person’s blood exhibits microclumping, it will be wrongly stored as “Negative” group blood and will
be provided to a patient having the same negative blood group. On development of ‘transfusion
reaction’; it will be difficult to find out the cause, since the doctor will observe the “donated blood”
and the “patient” both, as having the same, i.e. of negative blood group. If such a patient dies even
then also, many of the other causes of death will be interpreted such as cardio-respiratory failure,
drug overdose and interaction etc. So, the exact causes of death will remain elusive. If the donor
is found out and, the blood grouping is arranged, then only it will be possible to prove by
demonstrating microclumps in the donors blood under microscope, and actual cause of death as
'mismatched transfusion'.

Donor is ABl+ve (actually)
Macroclumping demonstrates B +ve
Blood transfused to patient having blood group B +ve

Severe transfusion reaction

Death

Conclusion

As the study demonstrates the importance of the use of the microscope for blood grouping, it
also insists in, for rigorous check and double cheek of "donated blood samples” to avoid the
exclusive cases of mismatched transfusion, which are always wrongly interpreted as drug
interaction/ adverse reaction or overdose.
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Comparative Study on Heavy Metals Concentration in Vegetables reported
from different parts of India

Ratna Ghosh, Reshma Xalxo
Department of Home Science (Division of Nutrition), Ranchi University, Ranchi — 834001

Abstract

A comparative study was carried out with the levels of heavy metals present in vegetables
reported from different parts (East, West, North and South) of India. This comparative study was
carried out to assess the exposure of heavy metals to inhabitant of Ranchi by heavy metals
consumption (Arsenic, Cadmium, Chromium, Cobalt, Copper, Nickel and Lead) through the intake
of locally available vegetables sold in the various market sites. In our study, the results showed
the mean concentrations of Cd, Ni, Pb in vegetables were above the PFA recommended level but
in case of Copper, Cobalt, Chromium and Nickel the heavy metal concentration range were found
to be much higher in all other sites in comparison to present study. In our study the concentration
of Lead content varies from 0.3 to 13.7 mg/kg. The mean Lead concentration in vegetables was
higher than the values reported (1.0 to 1.4 mg/kg) in Varanasi, UP but lower than the values
reported in Anand, Gujarat; Titagarh WB and Bangalore Karnataka.

Key words: Heavy metal, Comparative study, Varanasi, Titagarh, Bangalore, Anand, Ranchi

Introduction

Vegetables are essential staple food of human’s daily diet; contain significant amounts of
essential vitamin, nutrients rich in health benefiting phyto-nutrients, minerals and anti-oxidants.
Liberal intakes of vegetables in the diet lead to maintain a healthy life which may prevent all
diseases and keep an individual energetic and active throughout the life. They are beneficial for
important biochemical and physiological process and are necessary for maintaining sound health
throughout life (Table 1). In present study we have taken thirteen vegetables from different groups
for heavy metal analysis.

Table 1: Nutritional importance of vegetables

Common Name Botanical Name Importance

Beet Beta vulgaris Contain Betacyanin protects heart from potential heart
attacks and stroke and helps reduce blood pressure,
Prevents plaque formation and reduces bad
cholesterol, Great for pregnant mums, Treats
osteoporosis & anaemia, Boosts brain power and may
treat dementia.
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Common Name

Botanical Name

Importance

Potato

Solanum tuberosum

The majority of carbohydrates in potatoes are
complex carbohydrates; body’s main energy sources,
Potatoes contain antioxidants carotenoids and
anthocyanins, Provide significant amounts of
potassium and vitamin C. Potatoes are part of a
healthful diet.

Carrot

Ductus carrotus

Regulate the blood sugar, Protect from cardiovascular
disease Provide necessary amount of vitamin A &
antioxidants; prevent cancer, breast cancer.

Radish

Raphanus sativus

One of the very low calorie root vegetables, Contains
isothiocyanate  anti-oxidant compound  called
sulforaphane have role against prostate, breast, colon
and ovarian cancers, Rich sources of vitamin C helps
the body scavenge harmful free radicals, prevention
from cancers, inflammation and help boost immunity.

Ginger

Gingiber officinalis

Have anti inflammatory, carminative, anti flatulent and
anti microbial properties. Contain Zingerone gives
pungent character to the ginger root, is effective
against E.coli induced diarrhea, especially in children.

Cucumber

Cucumis sativus

Cucumbers are 95% water, keeping the body
hydrated while helping the body eliminate toxins, The
silicon and sulfur in cucumbers help to stimulate hair
growth, Contain lariciresinol and pinoresinol reduced
risk of several types of cancer including breast,
ovarian, uterine and prostate cancer. Cures diabetes,
reduces cholesterol and controls blood pressure.

Pea

Pysum sativum

Rich in health benefiting phyto-nutrients, minerals,
vitamins and anti-oxidants. Excellent source of folic
acid, Vitamin A, vitamin C, vitamin K and B groups of
vitamins. Helps in maintaining health of mucus
membranes, skin, eye-sight, protect from lung and
oral cavity cancers.

Beans

Phaseolus vulgaris

Rich source of dietary fiber, Reduce blood cholesterol
levels, Contain antioxidants such as lutein,
zea-xanthin and B-carotene help  against
oxygen-derived free radicals and reactive oxygen
species. Contain healthy amounts of minerals like
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Common Name

Botanical Name

Importance

iron, calcium, magnesium, manganese and

potassium.

Cabbage

Brasssica oleracea

Cabbage is a very good source of vitamin K; helps in
keeping
antioxidants

healthy  bones, Contains
like

lutein, zea-xanthin, sulforaphane and isothiocyanates

powerful

thiocyanates, indole-3-carbinol,

help protect against cancer, Help reduce LDL.

Spinach

Spinacia oleracea

Rich source of Vitamin A, vitamin C, vitamin K,
vitamins B-complex (pyridoxine, thiamin, riboflavin,
folates niacin) (potassium,
manganese, magnesium, copper and zinc).

and and minerals

Corriender leaves

Coriandrum sativum

Reduce LDL while increasing HDL levels. The leaves
are also rich in numerous anti-oxidant polyphenolic
flavonoids such as quercetin, kaempferol, rhamnetin
and epigenin.

Lady finger

Abelmoschus
esculentus

Rich sorces of fiber and mucilaginous content help in
smooth peristalsis of digested food particles and
relieve constipation condition. Contain sound amounts
of vitamin A,
B-carotenes, xanthin and lutein are essential for
vision. Good source of iron, calcium, manganese and
magnesium.

flavonoid anti-oxidants such as

Tomato

Lycopersicum
esculentum

Excellent sources of vitamin C, antioxidants, dietary
fiber,
Lycopene protective of cancers and prevents skin
damage from ultra-violet rays and offers protection

minerals and vitamins. Concentrated in

from skin cancer. Contain flavonoid Zea-xanthin

helps protect eyes from age-related macular disease.

Contamination of vegetables with toxic heavy metals has become one of the major causes of

concern for human kind. Fruits and vegetables may become contaminated with toxic chemicals by

several different pathways. Ambient pollutants from the air may be deposited on or absorbed by

the plants, or dissolved in rainfall or irrigation waters that contact the plants. Pollutants may also

be absorbed through plant roots from contaminated soil and ground water. The addition of

pesticides, soil additives, and fertilizers may also result in food contamination®. Heavy metals in

surface water, ground water and soils can be either from natural or anthropogenic sources” which

enter into the plants through surface depositions. Ingestion of heavy metals through food can
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cause accumulation in organisms, producing serious health hazards such as injury to the kidney,
symptoms of chronic toxicity, renal failure and liver damage3'4. Ingestion of contaminated
vegetables is a potential pathway of human exposure to toxic chemicals.

It is well known that an excess or deficiency of metals can cause harmful effects in human
body. This study is aimed to present a data of levels of heavy metals in different types of
vegetables available for the consumption to the inhabitants of Ranchi city from various market
sites. This data will help to provide the status of heavy metal contamination in vegetables in
Ranchi and also to assure the food safety and to protect the customer.

Analysis of Heavy Metals

Concentrations of Arsenic (As), Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper (Cu),
Nickel (Ni) and Lead (Pb) in the filtrate of digested plant samples were estimated by using
Inductively Coupled Plasma - Optical Emission Spectrometer (ICP-OES) (Model Optical 2100DV
ICP-OES, Perkin Elmer, USA) with argon laser. The Spectral range was of 160 nhm to 900 nm and
resolution of 0.009 nm at 200 nm. The instrument was fitted with UV sensitive dual backside —
illuminated Charge Coupled Diode array detector. The vegetables selected for present study were
Beet, Potato, Carrot, Radish, Ginger, Cucumber, Pea, Beans, Cabbage, Spinach, Corriender
leaves, Lady finger and Tomato. Concentrations of heavy metals were calculated on a dry weight
basis. All analyses were replicated six times. The analytical procedures, concentration of heavy
metals in individual vegetables and data analysis were already reported®®.

Results & Discussion

A comparative study was carried out with the levels of heavy metals present in vegetables
reported from different states of India. The sites selected for comparative studies were Varanasi,
UP (North); Anand, Gujarat (West); Titagarh, WB (East) and Bangalore, Karnataka (South). In
comparison to other sites of India, it was found that the concentrations of heavy metals such as,
Cadmium, Nickel and Lead were above the PFA permissible limit but the concentration of Cobalt,
Chromium and Copper was within the PFA safe limit in all vegetables collected from sites of
Ranchi City. Comparative data were represented in Table 2 to 4.

In Ranchi among different vegetables pea showed highest value of Metal Pollution Index
(MPI). The range of MPI (Site-1 to Site-10) was observed in between 2.249 to 3.031. Seven
vegetables out of thirteen showed higher MPI i.e. more than 2. These were pea, cucumber,
tomato, beans, spinach, lady finger and cabbage. Higher MPI suggests that these vegetables may
cause more human health risk due to higher accumulation of heavy metals in the edible portion.
The results of the ANOVA (Two-Factor without Replication) suggests that in case of vegetables,
the P value (1.12E-38) was found to be less than the significance level (0.05), and F (50.513) was
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more than F crit (1.843) i.e. there is significant difference between MPI among the vegetables.

In the present comparative study only Varanasi, UP’ has reported the MPI values for
some of the vegetables taken in our study. In Varanasi the MPI was reported 9.74 for radish. In
Ranchi the range of MPI was found to be 0.428 to 1.306 for radish. In case of Cabbage the range
of MPI was found to be 0.968 to 2.111 in Ranchi and the MPI reported were 11.82 in Varanasi. The
MPI reported in Varanasi were 11.54 for Spinach and the range of same was found to be 1.357 to
2.418 in Ranchi. In case of Lady finger the range of MPI was found to be 1.543 to 2.241 in Ranchi
and the same was reported 11.35 in Varanasi. In Tomato the range of MPI was shown 1.719 to
2.495 in Ranchi and in Varanasi’ the MPI was found to be 11.03. Thus MPI values in all
vegetables in present study were below the vegetables taken in Varanasi.

In the present study, the concentration of Lead content varies from 0.3 to 13.7 mg/kg. The
mean Lead concentration in vegetables was higher than the values reported (1.0 to 1.4 mg/kg) in
Varanasi, UP® but lower than the values reported in Anand, Gujaratg; Titagarh wB™ and
Bangalore Karnataka®. The concentration of Cadmium ranges from 0.1 to 2.2 mg/kg which was
found to be higher than the values reported (1.4 to 1.9 mg/kg) in Varanasi, UP but lower than the
values reported in all other sites. In case of Copper, Cobalt, Chromium and Nickel the heavy metal
concentration range were found to be much higher in all other sites in comparison to present study.
Thus from this comparative study it can be concluded that the consumption of average amounts of
these contaminated vegetables of Ranchi City have low health risk for the consumers in
comparison to vegetables from other parts of India.
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Table 2: Comparisons of concentration of Heavy Metals (Cadmium & Lead) in vegetables of different states of India

Cadmium (Cd) mg/kg dry weight

Lead (Pb) mg/kg dry weight

. . Ranchi . i Ranchi
Vegetables Anand  Varanasi Titagarh Bangalore Anand Varanasi Titagarh Bangalore
) Jharkhand ) Jharkhand
Guijarat upP WB Karnataka Guijarat UP WB Karnataka
(Range) (Range)
Beet 5.0 - - - 0.3-0.7 149.0 - - - 2.5-7.3
Potato -- -- -- -- 0.2-0.5 -- -- -- -- 0.3-24
Carrot 6.0 - - 5.6 0.3-0.8 78.0 - - 10.2 0.8-4.6
Ginger 6.0 - - - 0.2-0.7 19.0 - -- - 1.8-3.8
Radish - - 17.8 6.2 0.2-0.6 - - 57.6 11.0 0.8-2.6
Cucumber 10.0 - -- -- 0.1-1.6 122.0 -- -- -- 5.4-12.7
Pea - - -- -- 0.1-0.8 - - -- - 6.2-13.7
Beans 7.0 - - 3.4 0.2-0.6 73.0 - - 8.0 3.4-8.7
Cabbage -- -- -- -- 0.2-0.9 -- -- -- -- 1.3-5.2
Spinach - 1.9 14.6 6.8 0.6-2.2 - 1.4 49.8 15.8 0.5-5.8
Corriender leaves 18.0 14.1 -- 0.3-0.9 152.0 -- 311 -- 2.7-8.0
Lady finger 5.0 1.4 -- -- 0.1-0.6 66.0 1.0 -- -- 3.4-7.8
Tomato -- -- -- 2.8 0.2-0.7 -- -- -- 7.2 2.5-9.7

UP: Uttar Pradesh; WB: West Bengal
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Table 3: Comparisons of concentration of Heavy Metals (Nickel & Copper) in vegetables of different states of India

Nickel (Ni) mg/kg dry weight Copper (Cu) mg/kg dry weight
. . Ranchi . i Ranchi
Vegetables Anand  Varanasi Titagarh Bangalore Anand Varanasi Titagarh Bangalore
) Jharkhand . Jharkhand
Guijarat upP wWB Karnataka Guijarat UP WB Karnataka
(Range) (Range)
Beet 501.0 - - - 0.2-0.6 323.0 - - - 6.7-12.2
Potato -- -- -- -- 0.1-0.6 -- -- -- -- 2.2-89
Carrot 345.0 - - 7.8 0.4-0.8 573.0 - -- - 4.9-5.6
Ginger 392.0 - - - 0.2-0.5 502.0 - - - 3.9-8.9
Radish - - 62.7 10.6 0.2-0.7 - - 28.1 - 4.1-9.1
Cucumber 2151.0 -- -- -- 1.1-2.9 592.0 -- - -- 9.2-15.6
Pea - -- - - 3.7-5.8 - - - - 8.5-12.3
Beans 2032.0 - - 7.8 3.8-5.8 838.0 - - - 10.4-17.1
Cabbage -- -- -- -- 0.6-3.8 -- -- -- -- 7.7-14.5
Spinach - -- 69.2 9.8 0.5-0.9 - 27.6 34.5 - 10.6-17.7
Corriender leaves 474.0 -- 51.3 -- 0.3-0.6 1156.0 -- 251 -- 7.9-12.8
Lady finger 3034.0 -- - - 0.3-2.4 165.0 18.0 -- - 9.5-16.1
Tomato -- -- -- 6.0 0.3-1.3 -- -- -- -- 11.5-22.3

UP: Uttar Pradesh; WB: West Bengal
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Table 4: Comparisons of concentration of Heavy Metals (Cobalt & Chromium) in vegetables of different states of India

Cobalt (Co) mg/kg dry weight Chromium (Cr) mg/kg dry weight
) . Ranchi . i Ranchi
Vegetables Anand Varanasi Titagarh Bangalore Anand Varanasi Titagarh Bangalore
) Jharkhand . Jharkhand
Guijarat upP WB Karnataka Guijarat UP WB Karnataka
(Range) (Range)
Beet 20.0 - - - 0.4-1.6 - - - - 0.7-7.2
Potato -- -- -- -- 0.2-1.0 -- -- -- -- 0.6-4.1
Carrot 11.0 - - - 0.2-0.6 - - -- 21.0 0.8-4.8
Ginger 15.0 -- -- -- 0.3-0.7 -- -- -- -- 1.5-4.3
Radish -- - - - 0.3-0.6 - - 78.0 22.0 0.1-4.1
Cucumber 30.0 - -- -- 0.2-0.8 - - - - 1.0-4.7
Pea -- -- -- -- 0.5-1.1 -- -- -- -- 2.2-6.5
Beans 11.0 - - - 0.4-0.7 - - -- 20.0 0.9-4.0
Cabbage -- -- -- -- 0.7-1.4 -- -- -- -- 0.1-34
Spinach - - - - 0.6-1.6 - - 96.3 25.0 2.0-4.5
Corriender leaves 41.0 -- -- -- 0.4-0.9 -- -- 48.2 -- 0.7-3.7
Lady finger 9.0 -- -- -- 0.3-0.7 -- -- -- -- 1.6-4.1
Tomato -- -- -- -- 0.6-1.0 -- -- -- 20.0 2.8-7.8

UP: Uttar Pradesh; WB: West Bengal
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Ayurveda: Combating Viral Diseases since Ages

Preeti Awasthi, Siva G Mavuduru, Manik Ghosh*
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Abstract

Ayurveda is one of the oldest systems of medicine originated in India and written in Sanskrit
language. Plants from Ayurveda showed significant activity against various viral symptoms,
though virus and viral diseases were not known at that time. Hence in this article we made an
attempt to prove Ayurveda had once combated and still combating against symptoms of viral
infections and hence viruses. In modern literatures the antiviral activities of plants (already present
in Ayurveda) like Dracaena cinnabari, Cicer arietinum, Achyranthes aspera, Melia azedarach,
Piper longum, Acacia nilotica, Ocimum sanctum, Euphorbia hirta, Alpinia galanga,
Cardiospermum halicacabum and Carica papaya were reported. In the present review a
comparison was made of the symptoms of viral diseases with therapeutic uses (by translating
from Sanskrit to English) of the above plants reported in Ayurvedic Pharmacopoeia of India. There
is good co-relation between the symptoms of viral infections and therapeutic uses of Ayurvedic
plants, which proves Ayurveda once combated well against symptoms of viral infections and
hence viruses. We have made an attempt to show Ayurvedic drugs were successful in combating
various viral infections.

Key words: Ayurveda, Viruses, Ayurvedic Pharmacopoeia of India, Symptoms.

Introduction
The term Ayurveda is derived from two words, ‘Ayur’ means ‘healthy life’ and 'veda' means
science.” Charaka-Samhita, which is considered to be the oldest book in Ayurveda, along with

Sushruta-Samhita and Samhitas of Vagbhataand are considered as Brihat-trayee.?*

Ayurveda
is divided into eight branches which include internal medicine, treatment of head and neck
disease, surgery, pediatrics, toxicology, purification of genetic organs, health and longevity and
psychiatry.”

In Ayurveda, Prakruthi is the body’s constitution and according to it, the universe and its
subjects are made up of five elements namely earth, air, water, fire and ether. Ayurveda says
these five elements with their unique combination make three doshas namely vata, pitta, kapha.
Air and etheral elements are associated with vata, fire and water with pitta, water and earth with
kapha. Based on imbalance of these doshas the person may develop diseases. When these are
in appropriate levels then it is called healthy condition, and if there is any difference in the balance
it leads to vikruthi, which is ill health. This may leads to vata dosha, pita dosha and/or kapha
dosha.>®
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Viruses are obligate intracellular parasites, having no internal cellular structure and
metabolism. Inside the living organisms they behave as living cells by undergoing replication but
outside they remain as inert chemical structures.” Various Ayurvedic plants are used for treating
symptoms caused by different viral infections. By comparing the therapeutic uses of Ayurvedic
plants with symptoms of viral infections, we made an attempt to prove Ayurveda, in the past itself,
was successful in combating viral infections.

Plants that can be used as antivirals

Herpes Simplex Virus (HSV) infection is characterized by ulcers, blisters, fever, genital
lesions causing burning sensation and enlargement of lymph nodes in the neck.® ° The activity of
Dracaena cinnabari against HSV was reported by Mothana RA et al. They reported methnaolic
extract of Dracaena cinnabari have activity against HSV." The same plant is referred as
Lohitaniryasa in Ayurveda, reported for symptoms like Vrana (ulcer) Raktarsa (bleeding piles),
Raktapitta (bleeding disorder), Rakta-Pradara (menorrhagia), Raktasrava (bleeding disorder).™
Cicer arietinum had been reported for HSV by Asuman Kan et al. who reported that methanolic
extract of seeds obtained from Cicer arietinum was having activity against HSV.* This plant is
named as Céanaka in Ayurveda has been used for similar symptoms of HSV infection like
Annadravasila (gastric ulcer), Jwara (fever) and D&ha (burning sensation).13 Hemantha
Mukherjee et al. established the antiviral activity of Achyranthes aspera against HSV. The
methanolic extract (ME) and oleanolic acid (OA) showed significant antiviral activity against HSV.
The activity was assessed by Minimum Inhibitory Test (MIT) and Plague Reduction Assay where
positive control was Acyclovir and negative control was DMSO (Dimethyl sulfoxide). ME and OA
inhibit both HSV-1 and HSV-2 with an ECx of 64.4 pg/ml and 6.8 pg/ml for HSV-1F and 72.8 and
7.8 ug/ml for HSV-2G.** In Ayurveda, Achyranthes aspera which is referred as Apamarga,
reported for Sula (pain), Udara roga (diseases of abdomen), Apaci (cervical adenitis) the same
symptoms of HSV infection.'® So, the above mentioned plants of Ayurvedic origin have anti HSV
activities.

Kuniaki applied a patent on an agent obtained from the water or organic solvent extract of
Melia azedarach containing anti-influenza activity.[ls] Symptoms include fever, running nose and
breathing problem.'” The same plant called as Mahanimba is used in Ayurveda for treating Jwara
(fever) and Svasa (respiratory distress and breathing difficulty). By this it can be estimated Melia
azedarach once used for treating influenza infections.*®

Piper longum had been reported to have activity against Hepatitis B Virus (HBV) infection.
The common symptoms of HBV include appetite loss, fatigue, low fever, muscle and joint aches,
nausea and vomiting.”® P. longum known as Pippalimila in Ayurveda is reported to have activity
against similar symptoms like Udararoga (diseases of abdomen) Gulma (abdominal lump)
Krmiroga (worm infestation).? Its activity against HBV had been proved by Zhi-Yong Jiang et al..
They found that piperine is able to inhibit HBV and inhibited the secretion of Hepatitis B surface
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antigen and HBV E antigen. The ethanolic extract was obtained, from where different compounds
were isolated among which
erythro-1-[1-0x0-9(3,4-methylenedioxyphenyl)-8,9-dihydroxy-2E-nonenyl]-piperidine, threo-1-
[1-0x0-9 (3,4-methylenedioxyphenyl) 8,9-dihydroxy-2E-nonenyl]-piperidine, piperine, guineesine
found to have anti HBV activity.”*

Human Immunodeficiency Virus (HIV) clinical manifestations include diarrhea, red rash that
does not itch, fever and flu like infections.? The aqueous extract from pods of Acacia nilotica had
been reported by Khan et al., having activity against HIV by inhibiting reverse transcriptase
enzyme.23 The same plant called as Babbila has been used in Ayurveda for Kustha (Leprosy /
diseases of skin), Atisara (Diarrhea), Kasa (Cough) and Krmiroga (worm infestation), symptoms of
HIV infection.?* Ocimum sanctum activity against HIV was reported by Anuya A Rege et al. who
stated aqueous extract of Ocimum sactum can inhibit reverse transcriptase enzyme of HIV.*®
Even in Ayurveda this plant called Tulasi has been reported for Krmiroga (worm infestation),
Kustha (Leprosy / diseases of skin), Kasa (cough), Svasa (Asthma) and Prati$yaya (coryza),
similar to symptoms mentioned above.? Euphorbia hirta has been reported its activity against
HIV1 and HIV2. The plant which is referred as Dugdhik in Ayurveda reported for treatment of
symptoms like Krmiroga (worm infestation), Kasa (cough), Kustha (Leprosy/diseases of skin),
Mutrakrichhra (dysuria), Puyameha (urinary infection), Sula (pain / colic), Tamakasvasa (bronchial
asthma) in Ayurveda which proves this had been used for symptoms of HIV.?” Euphorbia hirta
anti-HIV activity was reported by Gyuris Agnes et al. They found 50% methanolic extract of
Euphorbia hirta aerial parts had activity on MT4 human T lymphocyte cell line. The aqueous
extract was having dose dependent reverse transcriptase inhibition activity on HIV 1 and HIV 2.?

Alpinia galanga is a plant whose activity was reported against HIV which has flu like
symptoms, swollen lymph glands and ulcers in the mouth. A. galanga in Ayurveda referred as
Kulanjana has reported activity in Ayurveda against similar symptoms like Pratisyaya (coryza)
Svasa (Asthma) Hikka (hiccups) Sopha (oedema) Udara roga (diseases of abdomen).29 The
anti-HIV activity was reported by Ying Ye and Baoan Li. The methanolic extract was found to
contain 1'S-1'-Acetoxychavicol acetate which found to inhibit reverse transport, an essential factor
for HIV replication.*® In Ayurveda, Cardiospermum halicacabum referred as Karnasphota has
reported activity against Jwara (fever) Sopha (oedema) Pandu (anemia) Sula (pain).*! The similar
symptoms are also present for HIV infection like fever, swollen lymph glands which states
Cardiospermum halicacabum has activity against HIV symptoms. Kasi Murugan et al. has
reported methanolic extract and petroleum ether extract are able to inhibit reverse transcriptase of
HIV.** This gives a proof that above mentioned plants are successful in treating the various
symptoms of HIV infection in the past itself.

Carica papaya had reported to contain activity against dengue which is mainly characterized
by Dengue Hemorrhagic fever.® In Ayurveda Carica papaya is called Erandkarkati has been
reported for activity against Krmiroga (worm infestation), Kasa (cough), Raktavikara (disorders of
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blood).34 This gives a justification that Carica papaya can be used for symptoms of Dengue.
Similar results were found by Nisar Ahmad et al. There was a disturbance in blood cell levels and
reduction of platelet count from 176 x 103/uL to 55 x 10/pL, white blood cells from 8.10 x 103/pL to
3.7 X 103/|J.L , and neutrophils count from 84.0% to 46.0%. After administrating the aqueous
extract from leaves of Carica papaya the values raised from 55 x 103/pL to 168 x 103/uL, WBC
from 3.7 x 103/uL to 7.7 x 103/uL and neutrophils count from 46% to 78.3%, which is showing
Carica papaya has effect on Dengue Haemorrhagic fever.*

Conclusion

Viral diseases are always a threat for human health and there is a need of development of
efficient antiviral drugs. Ayurvedic plants have proved to be valuable sources as antiviral agents in
treatment of many viral diseases such as Dengue, Human Influenza Virus, Influenza virus, Herpes
Simplex Virus, Hepatitis viruses etc . By comparing the modern literature, symptoms of various
diseases with Ayurvedic uses in Sanskrit, we can say Ayurveda, from olden times and still used for
treating various viral diseases and the problem is conversion of Sanskrit into modern languages.
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Abstract

Soft resin is the important constituent of lac obtained from insect Kerria lacca (Kerr) For the
purpose of component analysis qualitatively; a HPLC method has been developed. As the previos
work suggests the presence of four monesters in it, the HPLC chromatogram shows four major
peaks. Further a qualitative estimation has been done for lac samples obtained from 20 different
strains of lac insect.

Key words: Lac, Soft Resin, Hard Resin, HPLC

Introduction

Lac, a versatile resin, secreted by a tiny insect, Kerria lacca (Kerr) is the only commercial
resin of animal origin and has considerable socioeconomic significance for India. Lac insect
belongs to super family Coccoidea which includes all scale insects. Scale insect is a common
name for about 2000 insect species found all over the world. Scale insects range from almost
microscopic size to more than 2.5 cm. These insects attach themselves in great numbers to plants.
The mouth part of these insects is piercing and sucking type. They can be very destructive to
tree-stunting or killing twigs and branches by draining the sap. There are six genera of lac insects,
out of which only five secrete lac, and only one, i.e. Laccifer secretes recoverable or commercial
lac. The commonest and most widely occurring species of lac insect in India is Laccifer lacca (Kerr)
which produces the bulk of commercial lac.

Since the lac insects thrive and feed on certain species of the tropical trees, it is found
distributed in South-East Asian countries. Lac is currently produced in India, Myanmar, Thailand,
Malaya, Lao and Yuan province of China. India and Thailand are main areas in the world, while
India has prime position in relation to lac production. Lac cultivation is introduced into Thailand
from India.

Over 90% of Indian lac produced comes from the states of Bihar, Jharkhand, West Bengal,
Madhya Pradesh, Chattisgarh, Eastern Maharashtra and northern Orissa. Some pockets of lac
cultivation also exist in Andhra Pradesh, Punjab, Rajasthan, Mysore, Gujarat, and Mirzapur and
Sonebhdra districts of Uttar Pradesh.

Broken branches are sold as stick lac and, after grounding and washing with water to
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eliminate wood and red pigments (lac dye), seed lac is obtained. Purification of seed lac gives the
more homogeneous product known as shellac. Its use in Europe began towards the end of the
16" century mainly as a varnish (mostly known as “French polish”) for wooden objects, musical
instruments and gilding, as a protective for vinyl disks and mural paintings, as an insulating
material for earlier radios and other electrical tools and as an adhesive in the restoration of
pottery.

The chemistry of this material has been under investigation, for over a century and a half
Stick-lac, the composition of which is dependent to some extent, on the nature of the host tree on
which the insect feeds, consists of wax (6-7%), colouring matter (4-8%), “resin” (70-80%), insect
debris, moisture and other extraneous matter.

The resin constituting the backbone of shellac is a complex mixture made of mono- and
polyesters of hydroxy aliphatic and sesquiterpenoid acids, which can be separated into two
fractions: the soft resin, soluble in ether, mainly consisting of monoesters, constituting about 30%
of the total resin, and the hard resin, ether insoluble, which has quite complex polyester
composition, and takes into account 70% of the total resin. The main shellac ester components
are jalaric and laccijalaric acids, 9,10,16- trihydroxyhexadecanoic (aleuritic acid) and
6-hydroxytetradecanoic acids (butolic acid) and its chemical composition seems almost constant,
although the amount of some components.

The primary work on the investigation of structure of the components of soft resin was carried
out by Sukh Dev et al (1973). The objective of their work was to see if soft resin contains
interesters of substantially lower molecular weight than those found in hard resin. By combination
of fractional solvent precipitation and chromatography, they isolated all four constituents in
essentially pure form. The established the structures using chemical methods and those
structures were further supported by their PMR and borne out by partial synthesis.

The structures of all constituents of soft resin so far reported are as follows:
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Various analytical techniques such as chemical analysis and chromatographic and
spectrometric methods have been applied to semiquantitative determinations of shellac resins.
Khurana et al. and Upadhye et al. systematically reported a procedure for the purification,
identification, and semiquantitative determination of the acidic components of a shellac resin.
Chauhan et al. analyzed the alkaline hydrolysis products of shellac after converting them into their
methyl ester trimethylsilyl ethers followed by gas chromatography (GC).

However, all these methods involve cumbersome pretreatments such as chemical
decomposition, derivatization, and/or solvent extraction were inevitably utilized to separate the
resin constituents prior to the final analytical measurements. Moreover all the analytical
techniques have been used with the objective to determine all the complex constituents of shellac
as such or its products like art works or paintings. The discriminative analysis of composition of
different constituents of soft resin obtained from different strains of lac insect as such is difficult
with the reported methods.

So, objective of this study is to develop a more suitable HPLC method for qualitative analysis
of different constituents of soft resin and then perform comparative analysis of them in soft resin
samples obtained from different strains of lac insect Kerria lacca (Kerr).

Materials and Methods
Materials

Sticklac samples were obtained from Indian institute of Natural Resins and Gums, Namkum,
Ranchi, India. HPLC grade acetonitrile and methanol were purchased from sigma Aldrich. Water
for HPLC was Milli Q obtained from Millipore filteration system. All other reagents used were of
analytical grade.

The chromatography equipment consists of WATERS 510 HPLC with binary pump system,
online degasser and single wavelength UV detector. The column used for chromatography is
Bondapak C-18 column (4.6 X 250).

33



PHARMBIT, Jul — Dec 2013; XXVIII (2)

Isolation of Soft resin from Sticklac

The method finally worked out for the isolation of “hard resin” is an adaptation of the method
of Tschirch and Ludy’ with the important modifications of using 78% aqueous ethanol, rather
than absolute ethanol, for dewaxing and the precipitation of “hard resin” from ethanolic solution
by ether, rather than by water. Seedlac (3 g; 200 mesh) was stirred with distilled water (100 m1)
for 15 min, the aqueous part decanted and the process of washing repeated (another 4 times).
The washed lac powder was air-dried at room temperature and the resulting material thoroughly
dispersed in 78 % Ethanol (30 ml) with mechanical stirring (30 min). The insoluble material on
extraction with hot benzene (20 ml x 5) and usual work up gave light orange shellac wax. The total
Ethanol extract was concentrated under reduced press (water bath) to 1/5th its volume. The
concentrate was cooled and with vigorous stirring slowly diluted with ether (50 ml.). The
precipitate was collected by straining through muslin cloth and the product was titurated with ether
(40 ml x 3) to furnish an insoluble material, which was soxhleted (12 hr) with dry ether to finally
yield the insoluble portion as the “hard resin”.

The various ether extracts and washings, mentioned above, were combined and the solvent
flashed off. The residue was taken up in chloroform, filtered and the Chloroform, solution
extracted with sodium carbonate ag (15 %; 25 ml x 6). The alkaline extract was acidified
(phosphoric acid ag 1:1) and the product taken up in Ethyl acetate (25 ml x 5). The combined
ethylacetate extracts were washed with brine and worked up to give “soft resin” as a dark red
sticky mass.

Estimation of variation with respect to soft resin content, carried out for 30 lac insect lines
following the same scheme.

Thin Layer Chromatographic studies of soft resin

TLC of soft resin solution in methanol was carried out using the solvent system; Hexane:
Ethyl acetate: glacial acetic acid::20: 80:3. TLC of soft resin showed that four spots are
predominating and out of which two are predominating (R¢ 0.40 and 0.15).

UV Spectrophotometry Studies
The UV absorption of soft resin was estimated taking methanol as blank and the sample was
scanned between the UV regions of 190 to 400. The maximum absorbance was found at 220 nm.

HPLC Method Development

A HPLC protocol has been standardized for the component analysis of soft resin of different
strains of lac insect. Several methods have been tried with isocratic flow of solvent system and the
best suited protocol for separation of different fractions of soft resin, the solvent system containing
Methanol: Water : Acetonitrile (9:0.5:0.5) provided optimum separation (Flow rate- 0.45 ml/min,
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C-18 column). The components of soft resin were not resolved properly using isocratic solvent
system; the reason may be the very close polarity of acids found in the resins. The method has
been again modified and gradient mobile (water: acetonitrile) phase elution has been adopted.
The sample for HPLC is prepared by dissolving 20 mg of soft resin in 10 ml of HPLC grade
methanol and then filtering it through 0.45 micrometer syringe filter. The following gradient system
has been used:

Time (min) Flow r.ate Water (%) Acetonitrile (%) Wavelength

(ml/min) (nm)
0.00 1.00 80 20 220
3.00 1.00 80 20 220
15.00 1.00 10 90 220
24.00 1.00 10 90 220
25.00 1.00 80 20 220
30.00 1.00 80 20 220

Result and Discussion

The amount of soft resin is estimated for 20 samples of seedlac obtained from different
strains of lac insect Kerria lacca (Kerr). The percentage is calculated for each sample from the
initial amount of seedlac taken. A comparative table for percentage of hard resin and soft resin is
prepared.

Table: 1. Estimation of resins from seedlac obtained from 20 different strains of lac insect

. Amount Amount Amount
. Initial % of % of
Sticklac Seedlac ] of total of Hard o

S.N. CODE weight _ . Hard Soft

(gm) (gm) Resin Resin . Soft ,
(gm) Resin ) Resin

(gm) (gm) Resin

1 LIKO031  14.75 11.22 3.00 2.45 2.12 86.5 0.20 8.16

2 LIKO036  23.57 16.52 3.00 2.29 2.00 87.3 0.17 7.4

3 LIKO038  18.82 12.08 3.00 2.34 2.00 85.4 0.18 7.6
4 LIKO39 43.95 32.62 3.00 2.52 1.72 68.5 0.60 23.8
5 LIKO0O40  21.30 17.00 3.00 2.12 1.63 76.8 0.37 174
6 LIKO042  26.20 22.96 3.00 2.30 1.60 69.5 0.51 22.1
7 LIKO0O65  71.45 62.40 3.00 2.60 2.02 77.6 0.31 11.9

8 LIKOO03 25.04 19.60 3.00 2.20 1.56 70.9 0.42 19
9 LIK002 4.87 3.86 3.86 2.90 2.23 76.8 0.62 21.3
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Amount Amount Amount
. % of % of
Sticklac Seedlac of total of Hard of

S.N. CODE . . Hard Soft

(gm) (gm) Resin Resin . Soft ,
(gm) Resin i Resin

(gm) (gm) Resin

10 LIKO59 2.66 1.90 1.90 1.34 0.97 72.3 0.19 14.1
11  LIKOO31 14.75 11.22 3.00 2.45 2.12 86.5 0.20 8.16
12 LIKOO08 2.57 1.48 1.45 1.18 0.88 74.5 0.18 15.2
13 LIK025 1.34 0.84 0.80 0. 62 0.46 74.1 0.11 17.7
14 LIKO56 0.71 0.49 0.45 0.35 0.21 60 0.07 20.0
15 LIK020 5.07 3.39 3.00 2.52 1.83 72.6 0.44 17.4

16 LIK0023 1.75 0.94 0.90 0.72 0.46 63.8 0.13 18
17 LIK046 1.32 0.84 0.80 0.44 0.25 56.18 0.09 20.4
18 LIKOO4 4.25 2.73 2.70 2.10 1.48 70.4 0.41 19.5
19 LIKO21 2.85 1.10 1.00 0.70 0.41 58.57 0.10 14.2
20 LIK0O014 1.54 0.84 0.80 0.61 0.37 60.6 0.09 14.75

The soft resin samples were then run in both isocratic and gradient system of mobile phase

for obtaining a HPLC chromatogram representing the each monoester at different retention times.

mAl

200 -

100 +

14 A1

Time (min)

Fig: 1. HPLC chromatogram of soft resin using isocratic mobile phase
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Fig: 2. HPLC chromatogram of soft resin using gradient mobile phase obtained from
LIK0031
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Fig: 3. HPLC chromatogram of soft resin using gradient mobile phase obtained from
LIK0039

The HPLC chromatograms showing major peak at retention times 4.074 min, 12.91 min,
13.90 min, 14.17 and 17.91 for majority of samples. The qualitative estimation on the basis of
absence or presence of peaks at these particular retention times has been done for all 20 samples.
The absence or presence of peak at a particular retention time is shown by denoting by the
symbols 0 or 1 respectively.
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Table: 2. Comparative analysis for different components of soft resin using HPLC

S.N. Lac Strain RT-4.074 RT-12.916 RT-13.90 RT-14.17 RT-17.814

1 LIKOOO3 1 1 1 1 1
2 LIKO021 1 0 1 1 1
3 LIKOO31 1 0 1 1 1
4 LIKOO36 1 0 1 1 1
5 LIKOO38 1 1 1 1 1
6 LIKOO39 1 1 1 1 1
7 LIKO042 1 0 1 1 1
8 LIKOO55 1 1 1 1 1
9 LIKO040 1 1 1 1 1
10 LIKO002 1 1 1 1 1
11 LIKO023 1 0 1 1 1
12 LIKOO059 1 0 1 1 1
13 LIKO014 1 1 1 1 1
14 LIKO065 1 1 1 1 1
15 LIKO025 1 1 1 1 1
16 LIKOO56 1 0 1 1 1
17 LIKOO04 1 0 1 1 1
18 LIKOOO8 1 1 1 1 1
19 LIKO046 1 1 1 1 1
20 LIK0020 1 1 1 1 1

The four peaks are present in almost all the samples indicating the presence of four
monoesters in soft resin obtained from each sample.

Conclusion

The soft resin containing four monoesters is having relatively higher UV absorbance at
wavelengths more than 210 nm than the polymeric esters present in hard resin which show
negligible UV absorbance at wavelengths above 210 nm. The monomeric nature of esters
enables to obtain reproducible chromatograms for each sample of soft resin which helps in giving
a better picture about the different components. The unavailability of standards of these
monomeric esters is the only limitation for estimating quantitatively each component.
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Introduction

Indian pharmaceutical industry currently ranks third in terms of volume of production (10% of
global production share). Globally, India ranks at 1% in exports of pharmaceuticals by volume. It
provides about 40% of the generic and over-the-counter drugs to U.S. and other developed
countries. Now, India is called as “Pharmacy of the world”.

However , this growth of Indian Pharmaceutical industry is solely, based on economics of
business and return on investment by all possible means , even putting the safety and health of
common man at risk. Why | am saying so? Let’s have a close look at the scenario of how drugs
and medicines are made available and used in India. Let's ask some basic questions and try to
find ourselves answers.

1. Which medicines are required in India?

The needs of medicines of any country depend on the diseases prevalent in the country. In
India, our major population is mainly affected by infectious and communicable diseases like
Tuberculosis, Malaria, HIV AIDS, Pneumonia, Typhoid, Diarrhea, Hepatitis, Leptospirosis, Dengue,
Chicken-Gunea, Anemia etc. So, Indian population needs medicines primarily to treat these
diseases. The threat of non-communicable diseases like diabetes is emerging in a big way to
increase disease burden.

2. How many medicines India need?

Based on the disease profile in India, the medicine experts at National level have prepared a
list of essential drugs called “National List of Essential Medicines “(NLEM). This list contains 348
medicines. If all necessary formulations of these drugs summed up, still the total number of
medicines required in India will not be more than 1000 formulations of these 348 essential
medicines.

3. As against above requirement, how many medicines are licensed to market in India?
Presently, approximately 90,000 different formulations of medicines have been licensed and
are being marketed in India as against requirement of 1000 formulations.

4. Which are the topmost selling medicines in Indian market?
Following is the list of top 26 selling brands of medicines in India (2013-14, IMS data-)
arranged as highest selling product at the top of list-
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1. COREX 14. BECOSULES
2. PHENSEDYL 15. GALVUS MET
3. HUMAN MIXTARD30/70 16. TAXIM

4. VOVERAN 17. ZIFI

5. REVITAL 18. THYRONORM
6. AUGMENTIN 19. ACILOC

7. MONOCEF 20. ZINETAC

8. VOLINI 21. TAXIM-O

9. DEXORANGE 22. ASTHALIN
10. LIV-52 23. ZINCOVIT
11. GLYCOMET-GP 24, LANTUS

12. CLAVAM 25. CALPOL
13. BETADINE 26. SHELCAL

With current rate of prescriptions written for these drugs, approximately Rs. 4600 Cr. are
spent annually on the purchase of these top 26 brands of medicines.

5. How many of these top selling 26 brands of medicines are non-essential?

Look at those marked in red. Looking at the disease profile of India, the medicines marked in
red, are definitely not relevant and hence not essential. With the current rate of prescriptions of
these brands, approx Rs.2300 crores are spent annually on these 13 non-essential medicines (50%
of the top 26 brands). Most of these medicines are sold on OTC and without prescription and
denotes extent of self-medication in India. Though, the medicines Volini (diclofenac) & Shelcal
(Calcium) are essential but their corresponding sales figures points merely at their overutilization
& over consumption.

If we compare the expenditure on non-essential medicines with the annual health budget of
some of the states (Shown in block below), there is sheer wastage of money while the needs are

unattended.
Annual sale of few non-essential drugs National Annual State Health Budget of
Amtin Rs. Cr few states in India
Corex & Phynsydyl (288+274): 562
Revital: 221 Amtin Rs. Cr
Dexorange: 230 Manipur 981
Liv 52: 200 Sikkim 1767
Acoloc & Zentac (146 +146): 292 Mizoram 2400
Becasules & Zincovit (166+142): 308
Total: 1811
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6. What is the Focus of Research activities of World Pharmaceutical Industry?
All Inventions are targeted only towards life style diseases prevalent in developed
countries - i.e. mainly, diseases like Diabetes, Hypertension, Anxiety etc & Autoimmune
diseases

v" All Inventions are mainly targeted towards
A) “Me Too Drugs” For example Pantoprazole, Lansoprozole, Rabeprazole, Esomaprozole,
which are me too derivatives of omeprazole and, Paroxetine, Reboxetine, Duloxetin which are
me too derivatives of Fluoxetin and
B) Towards irrational Fixed Dose Combinations (FDCs) — For example

Diyclomine +Paracetamol

Diyclomine +Paracetamol+ Diclofenac

Diyclomine +Paracetamol+ Domperodol
Dicyclomine+ Paracetamol+ Clinidium+ dimethocone
Dicyclomine+ Chlordizepoxide+ Clinidium
Dicyclomine +Mafenamic acid+ Dimethylpolysiloxane
Dicyclomine +Nimesulide

Ranitidine + Ondansetron

Ranitidine + Domperidone

v" Hardly any new drug invented to target diseases Prevalent in developing countries like
India, e.g. - During last 5 decades, hardly any drug is invented to treat Tuberculosis, Malaria,
Dengue, Leprosy, Hepatitis, Ameobiasis, etc.

It is not surprising then, that still no effective drugs are available for — Kala Azar, leptospirosis,
filariasis and many diseases prevalent inthese countries.

7. What is it that invented in India? Which are the medicines invented for diseases
prevalent in India?

To encourage innovation Indian Government has provided 150 t0 200 % tax subsidy on R & D
expenses, However not a single new drug invented by Indian pharmaceutical industry during last
60 years. Throughout these years, Indian manufacturers remained as mere generic
manufacturers of the drugs required in the developed countries.

8. What is it that licensed in India? What is the licensing procedure adopted by our

Central Drugs Standards Control Organisation (CDSCO)?

As per the Findings of the Parliamentary Committee Report - May 2012, presented to the
Rajya Sabha on g™ May’2012, approximately, 1,600 applications were received annually by
CDSCO, during 2005-2009. These applications included-

o NDA- New Drugs to be introduced for the first time in the country,
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Modified or new claims of old approved drugs , namely , new indications , new dosage
forms, etc., and
New Fixed-Dose Combinations (FDCs) of two or more drugs.

The committee found serious issues with the way approvals for foreign drugs are given and

the clinical trials are being carried out.

Here are some of the startling findings:

Of the 42 drugs picked up randomly for scrutiny by the panel, the health ministry could
not provide any documents on three drugs - pefloxacin, lomefloxacin and sparfloxacin.
Reason: their files were untraceable. The documents related to sponsors, clinical trials,
overseas regulatory status, names of experts consulted and post-marketing safety
reports are not traceable. "All these drugs had been approved on different dates and
different years creating doubt if disappearance was accidental," says the report, adding
that all these were "controversial" drugs. One was never marketed in the US, Canada,
Britain, Australia and other countries, while the other two were discontinued. All three
drugs are still sold in India.

Of the 39 drugs on which information was available, the panel found that in the case of
18 drugs, adequate clinical trials had not been conducted - many of the drugs had been
tested on fewer patients and in fewer hospitals than what is legally mandated.

There are 13 drugs which were not sold in much of the developed world, and the report
said none of these drugs "have any special or specific relevance to the medical needs of
India".

In the case of 25 drugs, the opinion of medically qualified experts was not obtained
before approval.

Atotal of 31 new drugs, by the health ministry's own admission, were approved between
January 2008 and October 2010 without conducting clinical trials on Indian patients. The
ministry says that the authorities have the power to approve drugs without clinical trials in
the public interest. "No explanation," the report says, "is available as to what constitutes
public interest."

Every month, on average, the authorities say, one drug is approved in India without trials.
A review of expert opinion on various drugs showed that an "overwhelming majority are
recommendations based on personal perception without giving any hard scientific
evidence or data". More shockingly, the panel found adequate evidence to conclude that
"many opinions were actually written by the invisible hands of drug manufacturers and
experts merely obliged by putting their signatures".

The panel believes that there is "sufficient evidence to conclude that there is collusive
nexus" between drug makers, authorities and some medical experts.

This is not all. The panel expresses concern over the continued sale of potentially
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harmful drugs in India, years after such products were banned or withdrawn in developed
countries and the prevalence of "sub-standard” drugs is 7-8% of total sales in the Indian
market.

The present drug situation in India is paradoxical. As per WHO findings, 80% Indian
population is paying for health care out of pocket (OPP), still around 50% Indian population
does not have access to even essential medicines. World Bank study has concluded that - “In
India, Out-of-pocket medical costs alone may push 2.2% of the population below the
poverty line in each year”

The above facts & findings raise one shocking and alarming question in our minds -
Is India a dumping ground for drugs and Indian population guinea pigs?
We need answer to this agonizing question from our policy makers, legislators, regulators and the
pharmaceutical industry.
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