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Foreword

The future brings us many opportunities to improve our lives, but none so exciting as advances in
Medicine. As doctors and scientists gain more knowledge about the human body they will find new
ways to fight disease and conquer pain. The methods may take advantage of the process by which
body defends itself, keeping us healthy in natural ways. No one should ever have to suffer prolonged
pain or illness.

“Hey! We're headed for the future.” Neil Diamond sang in the 80s, and those words seem to echo the
obsession society had at that time with technological advances the future world bring. A 1982
children’s book called “World of Tomorrow — Health and Medicine” was full of predictions about
medical care in the future. I won’t go into detail about them all — you can read on each page for your
self — but overall, it is pretty interesting how accurate some of the predictions were.

This year we have selected five completed higher degree projects and five abstracts to fill the 2™
FMAS programme. The research works done by our own academics and students cover quite a large
spectrum from molecules to living things. In this convention they will get a chance to foretell some
scientific predictions for the future. Therefore selecting “Enhanced Care Through Research” as the
theme of FMAS-2014 is rather justifiable.

I am very humbled to witness and take part in the development of the FMAS to international
standards by inviting world renowned scientists to share their experiences at the 2014 convention.
Professor Tissa Kappagoda’s key note address on “The Practice of Medicine in the 21st Century-
Emphasizing a new kind of science” will surely blow our minds. Subsequently, the audience will be
introduced to new dimensions of cardiac health by Professor Kappagoda and his team.

I wish all said activities will uplift our academic profiles and bring much needed international
recognition to our Faculty and the University. I express my sincere gratitude to all stakeholders
of the FMAS-2014 and wish FMAS-2014 every success.

Dr. T. Channa Yahathugoda
Chairperson
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Message from the Vice Chancellor

First of all on behalf of University of Ruhuna, I as the Vice Chancellor, extend my warmest
congratulations and sincere thanks to the Dean of the Faculty of Medicine, Chairman and the
members of the organizing committee for organizing Faculty of Medicine Academic Sessions for the
2nd consecutive year. Therefore I send this message with great pleasure for the proceedings of the
FMAS — 2014. I firmly believe this event will be an intellectual platform for academics, scholars,
researchers and practitioners from diverse domains of medicine. Further I believe Ruhuna Journal
of Medicine (RJM) will be a significant source of up to date information about medical research in
the country. | suppose that the proceedings of the FMAS — 2014 which will be published in RIM will
reflect the breadth of the research being conducted by our academics in the medical field.

As the Vice Chancellor, I am proud that our academics have continuously worked toward raising the
bar in terms of quality and depth of research done and broadening the scope of the research work to
ensure maximum impact across various subject areas. We have much to be proud of a record of
research in a number of areas that have impacted positively on the development of the country, our
graduates have gone on to serve at the highest levels within and outside the country and University
of Ruhuna has grown in terms of student enrolment, staff complement and visibility among the
universities in the country as well as in Asia. There is much more to be done, but I do believe that we
have now established a strong base from which we can continue to develop. As University of Ruhuna
looks at its future, particularly in times of limited financing and increased competition, Faculty of
Medicine Academic Sessions and RJM must serve as important platforms to cultivate even more
vibrant research culture within our academics. My warmest congratulations again!

Professor Gamini Senanayake
Viee Chancellor,
University of Ruhuna
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Message from the Dean

I am most happy to witness the 2" Academic sessions of the Faculty of Medicine and send this
message of best wishes. The 1* Academic session was held in 2013 and I was fortunate to be the
Chief organizer of that event. This year event is an improved version of the last year event and
includes a keynote address delivered by a world renowned scientist Prof Tissa Kappagoda.

Higher education institutes are essentially academic institutes and they are expected to contribute
to the forward march of the own institution and, in general, the society. Being a medical faculty, an
additional contribution must be made to improve the current patient and health care facilities.

Faculty of Medicine, University of Ruhuna has made significant advances in the recent past. Three
new academic streams have been introduced and the intake of medical undergraduates has been
increased to meet the national demand. Academics, however, despite heavy workload constantly
engage in productive research projects.

Faculty of Medicine is on the top when the success rate of registered higher degrees is considered.
Most of the registered higher degrees get completed within the allocated time period and Faculty
Academic sessions provide a platform to disseminate those findings.

Finally, I wish all the success for this year Academic sessions and hope that participants will enjoy
the proceedings.

Prof Sarath Lekamwasam
Dean,
Faculty of Medicine
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Studies on selected bioactivities of Gymnema lactiferum leat, Canthium
coromandelicum leat and Palmyrah Pinnatu

Thushari Bandara

Medical Laboratory Science Degree Program, Faculty of Medicine, Universitv of Ruhuna, Galle,

Sri Lanka

ABSTRACT

This study was conducted to assess some bioactivities of Gymunema lactiferum var. lactiferum and
hypocholesterolaemic effects of Canthium coromandelicum leal and palmyrah pinnatu. G. lactiferum
leaf showed significant hypoglycaemic and hypocholesterolaemic effects on a rat model and patients
with type 2 diabetes mellitus. Canthium coromandelicum leal on Wistar rats showed a significant
decline in serum total cholesterol levels. Isolated pectin from the leaf could maintain the decline
further. High molecular weight pectin appears to be responsible for the hypocholesterolaemic effect.
Pinnatu did not show any hypocholesterolaemic effect on Wistar rats. It is proposed that the
hypocholesterolaemic effect of fresh palmyrah fruit pulp is due to still unknown factors that are
destroyed in the pinnatu manutacturing process. Pectin appears not to be a major factor.

Corresponding author: Thushari Bandara

<wvthushl@wyahoo.com=

This study was performed in University of Sri
Jayvewardenepura and the results were included
in a thesis with five published papers and eight
oral communications for a M. Phil degree with
the University of Sri Javewardenepura. The
thesis defense examination was held on 9" April
2008.

Background

There has been a close relationship between man

and plants throughout the development ol

civilization. In spite of providing food and
shelter plants also serve to prevent or cure
diseases (1). The use of plants for healing
purposes predates human history and it has
contributed much for modern medicine (2).
At present there is a renewed interest towards
the consumption of herbs. According to the
World Health Organization (WHO). about
80% of people worldwide depend on herbal
medicine for their primary health care needs (3).
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However, many herbal remedies that are used
today have not undergone careful scientific
investigations. Even though plant medicine
comprises ol natural substances they also can
produce undesirable effects similar to what the
regular drugs do (4). Some plants are highly
toxic while some plant constituents react with
other drugs or compounds in foods resulting
overdoses and other harmful effects. The
effectiveness of the plant medicines varies
with the genetic and ecological differences
as well. Contamination, adulteration and
misidentification are the other main problems
associated with these therapies (2). This does not
mean that herbs do not work: it that we do not
know for sure il all of them work or how well
they work. Therefore it is of paramount
importance to conduct research on medicinal
plants and their products to evaluate their
clinical efficacy and to determine their
unfavorable effects if any by rigorous scientific
approaches. This study was undertaken to
evaluate some bioactivities ol dried leaf
suspensions of two medicinal plants namely G.
lactiferum var. lactiferum and Canthium
coromendelicum and the dried palmyrah fruit
pulp called “pinnatu’™.
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Study 1: Gymuema lactiferum var, lactiferum:
18 a twining/straggling plant which belongs to
the farmly dsclepiadaceae (milk weed family).
This plant 15 distmbuted 1o Assam, Malay
Peninsula, Malaysia and in S Lanka (5). The
identity of G. lactiferum has been subjected to
controversy particularly with respect to s
Smhala names. In Smhala 1t 18 known as
‘Rurincha' (5,6). However, Gymnema splvestre
(Sinhala - Mashedda, Muva kiri-vel or Binnuga)
18 also Jmown as 'Kunncha'. Kii-anguna 15 also
confused with kunncha and according to
Ayurveda Pharmacopoeia (1961}, Kir-anguna
and kurincha are very much similar plants (7).
Leaves of theplant are used m salads, curnes and
herbal gruel. G lactiferum leaves have been
used as a supportive treatment for diabetes
mellitus by the people in Jafina, Sn Lanka for
several decades. Ithas been further reported that
this treatment could produce some favorable
effects on hpd profiles as well. Based on these
evidence this prospective study was designed to
evaluate the hypoglycaemic and dishpidaermc
effects of G. lactiferum leaves. Leaf powder was
prepared from the plants grown in Jatia, with
organic compost avoiding the use of synthetic
fertilizers, msecticides and fungicides. The plant
was 1dentified at the National Herbarium, S
Lanka with reference to specimen no 1652
Mature leaves were washed and drned
hygenically under sunlight for 4-5 days within
an enclosed place covered with a glass roof.
After gninding and sieving the dned leaves, leaf
powder was packaged mto 100g packets. G
lactiferum leaf powder contamned 14.8% ash,
2.8% digestible carhohydrates, 63.6% msoluble
dietary fibre (IDF), 1.3% soluble dietary fibre
(SDF}), 0.5% pectn, 15.3% protemn and 3.3%
calcum on dry weight. Calcum content was
considerably higher than most of the green leafy
vegetables consurmed in Sri Lanka(8).

Acute and chronic effects of G. Inctiferum leaf
powder on glycaemic and lipidaemic status of
type 2 diabetes melfitus Long Evans rais: This
study was camed out on male Long Bvans rats
mhred o the research division, Bangladesh
Institute for Research and Rehamlitation of
Diahetes, Endocrine and Metabohc disorders

2

(BIRDEM). Type 2 diabetes mellitus was
induced by a single intrapentoneal myection of
streptozotocin (STZ) at a dose of 90 mg'kg body
weight (b.w. )10 mL pH 4.5 citrate buffer (0.1
Mjto the 48 holdrat pups (9). Expeniments were
performed after three months of STZ 1njection
after confimming the presence of diabetes. To
study the acute effects, rats were fasted for 12 h
with free access to water and fasting blood
samples were taken from the tip of tal. G
lactiferum leaf powder (1.25 g'kg bow in 10 mL
of water) was administered to diabetic rats
orally, 30 min before a glucose load (2.5 g'kg
h.w) Control rats were fed with an equal volume
of delonized water. A positive control group was
fed with an oral glibenclamide dose (3 mg'kg
how./ 10 mL water). Blood samples were drawn
after 60 min and 105 mm and were analyzed for
glucose (by enzymatic GOD-PAP, Randox
Laboratories Ltd, UK). To study the chronic
effects, diabetic rats were diided into three
groups (n=8 each} and vehicle group was given
water, Standard drug treated group received
glibenclamide at a dose of 5 mg/kgh.w. /day for
four weeks and the test group-was treated with
G lactiferum leaf powder suspension at a dose of
1.25 g/kg b.w. for four weeks. Body weights of
the rats were measured 1n each week. Blood was
drawn on day zero, 7, 14 and 21 by amputation of
the tail tip under mild ether anesthesia. On the
28" day the animals were sacrificed and blood
samples were collected. The semum glucose
levels were determined (by enzymatic GOD-
PAP, Randox Lahoratories Ltd, UK) from the 7,
14" and 21" day samples. Serum total cholesterol
(Cholesterol oxidase/ peroxidase, CHOD-PAP),
tnglycendes (GPO-PA method, Randox Lab,
UK} HDL-cholesterol (CHOD-PAP method,
Randox Lab, UK}, LDL-cholesterol (10},
glucose and insulm [usmg rat insulin ELISA kit
(11}] levels were determined on the day zero and
28.

G. lactiferum leaf powder did not show any
acute effect on blood glucose levels of type 2
diahetic ratz on glucose challenge test.
Admmstration of leaf powder suspension for 28
consecutive days resulted 1in a gradual reduction
0 serum fasting glucose levels (15.5% and
37.3% reduction on the dayl4 and 28
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respectively) and on the day 28 the levels had
hecome significantly lowered (p=0.001})
compared to day zero as shown on table L
Serurmn total cholesterol levels of the Gymnrema
treated group were reduced sigmficantly by
9.01% (p=01.015) as shown in table 2. Serum TG
level and LDL- cholesterol levels were reduced
by 23.5% (p=0.465) and 12.3% (p=0.189)
respectively 1n the Gymmema treated group.
HDL-cholestercel levels were mcreased by
39.42% (p=0.165). Results indicate
maprovement of hipid profiles 1o type 2 rats
(table3).

Serum creatimne concentrations did not
changed sigmificantly throughout the study
period among the different groups whereas
serurn ALT levels reduced sigmificantly in
glibenclamide treated group (p=0.014} while
the values of other groups remained steady. The
liver glycogen contents were not sigmficantly
different (p=1.000} between different groups.
Fasting serum 1nsulin content did not change 1n
Gymnema treated group (p=0.893) whereas a
26.3% mcrease was observed m glibenclamide
treated group (p=0.612).

Table 1: Effect of G, lactiferum leaf powder on glycaemic status of type 2 diabetic rats

Fasting serum glucose levels (mmol/L) Mean £5D

Group Day 0 Day 7 Day 14 Day2l Day 28
Water 003068 9.13+0090 R54+1.63 TRIZ199 770+ 182
Glibenclamide 9.50+1.15 9.82+1.52 1030+£1.15 10332407 719+ 1.50
G lactiferm 895+ 136 10184423 77635 8752086 556"+ 072

*n— 0.001 in comparison to day 0 (as deter mined by the pared Student’s t-teef). Six antmals were nehided in

gach group

Table 2: Effect of G. lactiferum leaf powder on serum total cholesterol and HDL levels

Serum levels (mg/dl) Meun + SD
Group
Total Cholesterol HDL
Day ¢ Day 28 Day Day 28
Water 67.00+£3.58 69.67 £13.77  2833+3.72 34.83 £ 8.70
Ghbenclamide 70.83+10.94 66.00 £9.90 31504685 32.334+7.15
G. lactiferum  70.00£7.18 69.00° £6.07  27.67+£4.67 36.67+£10.13

p—0.015in compatisonto day 0 (as determined by the paired Student’s t-test). Six animals wers nclided in

gach group

Table 3: Effect of G lactiferum leaf powder on serum LDL and TG levels

Sarum levels (mgdl)
Grroup Mean+ SD
LDL TG
Day 0 Day 28 Day 0 Day 28
Water 19.37£7.76 19.93 £ 7.95 9150+20.03 74.67+22.32
Ghbenclarmde 20.23+4.77 2080 £ 6.90 35.50+£26.22 64.33 414 .84
G lactiferum 281711281 1480 £11.06 1008312198 §7.00+£43.2%

*p —0.018 i comparison to day 0 (as determined by the paired Student’s t-test). Six anirmls wers included in

gach group
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Next the effect of G. lactiferum leaf powder on
intestinal carbohydrate digestion/absorption
was studied by means of the gut absorption
technique using six segments of the gastro
intestinal tract (12). Percentages of sucrose
remaining m the whele GIT 1n the control and
test groups (Mean SD}after 60 min was41.46+
534 vs 94.51 £6.62 (p=0.000) and after 120
mun 1t was 3.39 £ 128 ve 2416 £ 747 (p =
(1.021}. The amounts of sucrose remaining in the
stomach m the Gymaema teated group were
found to be mignificantly higher than control
after 30, 60 and 120 ron time ntervals (p=
(1L.034, p= 0.000 and p=0.023 respectively). The
quantity of sucrose remained m the stomach
after 60 mm of the test group was not ditfer in
comparison to the amount after 30 mm (85.03 +
6.24 vs 86.16 £4.81, p=0.89}. The control group
showed a sigmficant reduction 1n the remaming
sucrose quantity in the stomach after 60 rmin
(2140 £ 435 vs 5740 £ 10.67, p = (LO1)
Sucrose levels at different time intervals are
shown 1o figure 1. On the other hand, the
quantity of sucrose m the upper intestine
remained without a significant change 1n the test
group at 30 min and 60 min time mtervals (2.66
+0.95vs 2.00£0.81, p=0.61}), butthizs showed a
sigmficant reduction in the control group (10146
+ 1.43 vs 4.79 &+ (.83, p = 0.01}. Blood glucose
analysis after 30 mm of simnltanecus sucrose
admmstration gave a 21.1% mcrement of' blood
glucose concentrations 1n the Gymaema treated
group n comparison to 50.1% increment in the
control group. After 60 min the increment was
52.4% 1n the test group where as 35.4% i the
control group. Interestingly after 2 b that was
26.2% m test and 5.5% 1n the control groups.
However, the blood glucose levels of the test
group were not sigm ficantly different (p=0.627,
p=0.522 and p = (1233 for 30 mm, 60 rmn and
120t min respectively} in comparison to the
control.

Further, the effect of G. lactiferum on intestinal
glucose absorption was stodied by using gut
perfusion techmique (13). Results of this
experiment showed a sigmficant reduction
(p=0.040) 1n glucose ahsorption in the presence
of Gymnrema (total amount of glucose ahsorbed

for 30 min} In comparison to control (82.1
mmol £ 75.2 vs 135.5mmoll. + 121.0)

4

Results are sumnmeanzed in the table 4 and figure
2
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Figurel: Companson of guantity of sucrose
remaining 1n stomach at different ime intervals

Effect of G. lactiferum leaf powder on
glycaemic and lipidaemic siatus of patients
with type 2 digbefic mellitus: Patients were
recruited from the Out Patient Department of
BIRDEM hospital. Type 2 diabetic melhtus
patients (moderately controlled diabetics) with
hypercholesterclaemma, aged 30-00 years were
ncluded. Exclusion cntena included the
patients of more than 60 years of age, patients
suffering ffom zerious recurrent 1llnesses
requring systemic ftreatment and patients
suffering from any other endocrinological
diseases (hypo or hyperthyroid patients,
patients with diabetes insipidus). Diabetes
was diagnosed according to WHO cntena
established 1 19599 and hypercholesterolaemia
was detected according to thewr hipid profile
levels. The test group (=12} consumed G
lactiferum leaf powder twice daily (3.5 gx 2) for
one month. The control group conmsted of 14
patients with type 2 diabetes melhinz and
hypercholesterolaemma. The body weight, waist
circurnference and hip circumference of the
patients were recorded at the heginning and at
the end of the study pericd. Patient's complaints
on twinglmg sensation of lunbs, verhigo,
headache, gastric discomfort, generalized
weakness, constipation, nausea, drowsiness,
dryness of mounth, anorexia and flatnlence were
recorded o each of thewr visits to see 1f there
were adverse effects due to consumption of leaf
powder. On the day zero the patient reported 1n

Ruhuna Journal of Wedicine, Juk 2014, Vol 2, Mo f
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the fasting condition. Fasting blood samples (10
ml} were drawn from the antecubital vein. Then
the patients (test group) received G, lactiferum
leafpowder (3.5 g) dissolved in 30 mL of water.
They were requested to swallow the suspension
and then have breakfast accordng to ther diet
charts. Next blood sample was drawn at 1 h and 2
b and then they were provided with the other
doses of G lactiferum leqf powder (each
mdividual dose wrapped mn a paper pack and
sealed in a polythene bag) for the rest of the
week. They were requested to take the
preparation just before breakfast and just before
dinner every day for cnemonth. From the fasting
sample lml was transfemed to an EDTA
containing tube for measurement of HhA | and
the rest of the blood was centrifuged. The level
of HhA _ was estimated by using by VARIANT
Hemoglobin A . program (BIO-RAD, USA)
Serum sarmples on the first and last day of the
experiment were analyzed for fasting glucose,
total cholesterol, TG, HDL- cholestercl, SGET
and creatimne as described above.

The body weight of the Gymnema treated group
had reduced by (.74% at the end of the
experiment in companson to their day zero
values (0692 + 1211 vs 6742 + 1257,
p = (L089) and 0.39% reduction of the same
parameter was ohserved m the control group
(62.57+10.84 v862.87+£11.31, p=0.204 ). The
leaf powder did not produce any acute effect on
hlood glucose levels of type 2 diabetic pahents.
However, there were significant reductions (p =
(1026 for 60 min and p = 0.022 for 120 min} in
post prandial serum glucose levels o the
Gymnema treated group on the day 25 n
comparison to day zerc. On the day 2Y, the
fasting blood sugar (FBS) levels of the
Gymnema treated group was reduced
significantly (p=0.002} with 18.15% reduction
compared to the control group (table 5). Patients
of hoth groups were on their conventional oral
hypoglycaemmc dmg doses. Though the study
period was four weeks, there was a sigmficant
(p=01.012) reduction (11.6%) in HhA . levels in
cormparison to day zero values in the Gymnema
treated group (6.99 + 0.93 vs 7.91 £ 1.72).
However, such reduction was not ohserved 1n
the control group (7.39 £ 1.24 vs 7.5841.68,
p = (.316). The serum total cholesterol levels
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of the Gymnema treated group reduced
significantly (p=0.004) by the 29" day (table 6).
There was a 12.3% reduction mn companson to
the day zerc value. However, the serum HDL
levels remained steady (p = 0.417) throughout
the study penod. As shown in the table 7, there
was a significant reduction (p = 0.023) in the
serur LDL levels inthe Gymmema treated group
on day 29 1n companson to day zero. The
reduction was 15.5%. However, this therapy
could not produce any sigmficant reduction (p=
(1.380) 10 serum TG levels (table 7). Serum ATT
(p = 0.261} and creatimne (p = .797) levels
remained steady in hoth groups throughout the
study period. No complaints were made by the
patients while consurning the leaf powder. Some
patients had a history of generalized wealmess,
gastric dizcomfort and constipation prior to the
treatment. All the above complaints mmproved
and gradually subsided while being fed on the
leaf powder.

Table 4: Percentage glucoss absoption and SEM

% Glucose Absovption

?j;lm; Krebs solufion  Krebs +1leaf powder
5 16.02+ 5.13 584"+ 223
10 1000 + 345 0.65+:3.3]
15 100 £ 416 718+ 321
20 1382+ 419 671+ 282
25 1028+ 277 845+ 280
3 11034318 T6T+2.02

0 A7 incompanson to Krebs sclution
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Figure 2: Effect of G. lactiferum leafpowder on
theupper intestinal glucose absorptionprofile
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Table 5: Effect of G lactiferum leaf powder on FBS levels of patients with type 2 diabetes

mellitus
Fasting serum ghicose levels (mmol/L)
Group Mean+ 8D
Day Day 15 Day 29
Gymnema reated group (=12 8.05£1.79 710 £1.56 659 +1.28
Control (n=14) 747 £1.84  7.12+1.61 6.84 £ 2.16

*p—EI.EHZIE mn compatrison to day ()

Table 6: Effect of G. lactiferum le af powder on serum total cholesterol and HDL levels

Serum levels (mg/dl)
{Mean+ 8D)
Group Total Cholesterol HDL
Day 0 Day 25 Day 0 Day 25
Gymuema group 23583 +£2637 20675 £35.74 36824744 34671615
(=12}
Control (n=14} 23571 £32.86 2182943836 37544740 3517+£8.23
p—0004 1 comparisonto day zem
Table 7: Effect of G. lactiferum leaf powder on serum LDL and TG levels
Serum levels mg/dL
Mean+ SD
Group LDL TG
Day ¢ Day 28 Day ¢ Day 29
Gymnema group 155420 131 £33 2227548110 207.17+105.41
(n=12)

Control (n=14) 155+ 36

140 + 44

218.14 £ 10419 215.53 £U5.88

“p—0.023 incomparison to day 0

Previous studies on the bicactivity of G
lactiferum are scarce. The hypoglycasmic
activity of G. splvestre 1= extensively studied. It
has heen suggested that the hypoglycaemic
effects of G. splvestre due to activation of the
enzyrnes that are responsible for the utihzation
of glucose and stunulation of the glycogen
synthesis (14} and stirmlation and stimulation

g

of insulin secretion by repair or regeneration of
pancragatic beta cells (15). In the present study
G. lactiferum did not produce any sigmficant
acute effect on glucose challenge m dishetic
rats. This 15 unlike what 15 reported about the G.
spbvestre. According to Rokeya et al. (1999} G,
sphvestre with a smmultaneous glucose load,
showed a significant reduction of serum glucose

Ruhuna Journal of Wedicine, Juk 2014, Vol 2, Mo f
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concentration n hoth type 1 and type 2 diabetic
rats (16}, In the chronic study on type 2 diabetic
model rats, although 1t was obeerved that body
welght of the rats increased 1n all the groups; the
mcrementswerenot significant. Hence, 1t can be
concluded that G. lactiferum does not have any
effect on degradation of depot fat and 1t can
maintamn the body weight in the type 2 diabetic
state. Feeding of leaf powder suspension
cansed a gradual reduction m FBS levels of type
2 diabetic ratz and the reduction became
significant (p=0.001} after a period of 28 days.
The eftect of long term consumption of G
splvestre on FBS has heen extensively studied
and the most potent principle was found to be
Gymmemic acid IV (17).Glycogen metabolism
m the liver regulates the blood glucose level.
The regulation of glycogenesis and
glycogenolysiz in the liver 1z central to the
regulation of glucose homeostass. Liver
glycogen level was estimated to determine 1f G,
lactiferum leaf powder could increase liver
glycogen content thereby exerting a
hypoglycemic action. In the present study there
was no significant effect (p = 1.000) oo
glycogen deposition m the liver m diabetic rats.
This may reflect the ahsence of an effect by the
leaf’ components on insuhin secretion. As
reported by Shanmugasundarum et al. (1983),
treatment with G. splvestre extract for twelve
weeks had significantly mcreased (p <0.001)
hver glycogen contents of alloxan-mduced
diabetic rabbits (14). Unlike G. sphestre, G
lactiferusm did not increase the serum msulin
levels. It 15 ewvident that the hypoglycaemic
effect of G. lactiferum was brought about by
somie extra pancreatic factors, which are not
related to the level of semum insulin. However,
any factor which can either tngger msulin
activity or which can overcome insulin
resistance may he contributory to the
hypoglycaermc effect.

Dyshpidaerma, particularly low levels of
serurn. HDL-cholesterol and high levels of
serum  total cheolestercl, TG and LDL-
cholesterol, are important nsk factors for
atherosclerotic comphcations of diabetes
mellitus  (18). Hypercholesterolasmia and
hypertriglyceridacmia have been reported
to occur m STZ diabetic rats (19). Insulin
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deficiency fails to activate the enzyme
lipoprotein lipase and causes
hypertriglyceridaemia. Therefore 1t was
considered that estimating serum chelesterol,
triglycerides, HDL-cholesterol and LDL-
cholestercl levels was relevant. A significant (p
= (L015) decline was shown in serum total
cholestero] but not in serum HDL (p = (11635},
LDL (p = 0.189) or TG (p = 0.465) 1n the G.
lactiferum treated group. There are few reports
on the effect of G spheestre on ipid metabohsm.
Terasawa et al. reported that the serum TG and
total cholesterol levels tended to be shghtly
lowered 1n obese but not in lean rats receiving
long-term administration of a leaf extract of G.
spbvestre (20). According to Nakamura et al. the
fecal excretion of stermds and bile acids 18
increased 1n rats by oral admimstration of
gymnemic aclds containedin &. spivestre leaves
(21).

An atternpt was made to study the effect of G
lactiferum on intestinal carhohydrate digestion
and absorption by usmg the gut absorption
technique, using sucrose. When the leaf powder
was glven by gavage simultaneously with
sucrose solution to rats, 1t suppressed the
resulting nse of serum glucose concentration
and 1ncreased the unabsorbed sucrose content
throughout the gastrointestnal tract. The
amount of sucrose remaining 1o the stomach
was slignficantly high in all three time mtervals
(p=0.034, p=0.000 and p = .023 for 30 mun,
60 min and 120 min respectively). The results
suggest an effect of G. lactiferum on gastric
emptying and gastnic motility. Though the
postprandial blood glucoze levels were not
sigmficantly affected there was a delay mn the
rse of postprandial glucose concentrations 1n
the treated group, mdicating a delay 1n glucose
ahsorption or its prevention up to some extent.
These effects might be associated with the
nhibition of intestinal disacchandase activity
(as ohserved with alphaglucosidase inhibitors).

fmvivo glucose abzorption by the upper part of
the small intestine was studied. A sigmficant
inhibition was observed (p= 0.017) only in the
first fraction (for the first five minutes). The
total amount of glucose absorbed over a period
of 30 mm of perfusion was significantly (p =

7
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(L0411} reduced o comparison to the control
Shimizu et al. hasreported that some gymnermce
aclds from the leaves of G. sphestre can
suppress the glucose absorption m the small
intestine of guinea pigs (22},

G. lactiferum 18 eaten as food and therefore
should not pose a problem with regard to
toxicity. The unaffected serum ALT (alanine
transarminase, p = (.807) and serum creatinine
test (p = (.148) support this conclusion with
respecttoliverandladney function.

Based on these results there was enough
confidence to test the G. lactiferum leaf on
diabetic patients. Type 2 diabetic patients with
hypercholesterolaesmia who were not on
bypochelesterolaemic or any other
antidislipideamnic drugs were mcluded 1n the
study. Patientz of both test and control group
were on their conventional oral hypoglycaemic
drug (not insulin}. There were problems with
patients in that a double bhind expenment was
not possible to be conducted. Patients were
aware of the tests and control groups. Despite
this, after 28 days of treatment there wasz a
significant (p = 0,002} decline in FBS levels.
(This was seen 1o the animal model too). This
indicates the added advantage of G. lactiferum
therapy on the glycaemic statns of the patients.
Smnilar effects by G gplvestre were reported
by Shanmugasundarum et al. (15} and
Balasubramanium et al. (23). Further, ike in
the case of tats there was no sigmficant effect on
post prandial glucose levels. Since the length of
the study was four weeks, HhA _was measured
only over this period of time. Despite the gh t
1 of HbA . this parameter showed a sigmificant
decline (p = 0.012). Diabetic patients were
tested for lipidaemic effects before and after the
admimstration of &. lactiferum leaf powder
suspension for 28 days. Serum total cholesterol
concentrations (p = (L004) and LDL (p=0.023})
declined significantly, but there was no
significant changein HDL (p=0.417} and in TG
(p=0.380). According to Balasubramanium et
al. (23) serum total cholesterol, TG and free
fatty acid levels of mild diabetics have shown
sigmficant dechnes on the mgestion of G

splvestre leaf powder overa period of only seven
days. Studies on serum ALT (p = (.261) and

g

creatinine (p = (.797) mndicated no adverse
effectsonliver andladney of diabetic patients as
inthe case of ammal expenments.

Study 2. Hypocholestersluemic activity of
Canthium covomandelicum

C. coromandelicum 15 a greganous plant which
belongs to the family Rubiaceas (24). The
plant 15 known as 'Kara' in Simhala. It grows in
the western parts of the Indian Pemngzula from
Konkon southwards to 5m Lanka. In 5n Lanka
1t 15 comnmonly found in low country especially
in the dry zone (24). Edible leaves of the
plant were collected from Belibuloya in
Sabaragamuwa province. Pressed samples of
the vegetative parts were 1dentified at the
Department of Botany, Faculty of Science,
Umversity of 511 Jayewardenepura. Edible
leaves were oven dried at 65-70°C for 4-5 hand
ground into a fine powder. The leaf contamed
6.3% ash, 67.2% nsoluble dietary fibre, 3.2%
SDF and 10.2% proteins on dry weight. The
arount of fibre was high and depending on the
sample a high variation in pectin content was
oheerved (21-45.2% SDF). The effect of the
whole leaf powder was tested on male Wistar
rats. Control group was fed on WHO
recommended rat and mouse breeding feed (25)
and test group was fed with a C.
coromandelicum leaf powder incorporated diet.
Modifications were done 1n the test diet m order
tomake the test diet 1socalornc and withthe same
amount of inscluble dietary fibre to the control.
Serum total cholesterol levels of the ammals
were estunated on the day zero, 31 and after
seven weeks of the commencement of the
expeniment using CHOD-PAP kat. Dunng the
next four weeks the test rats were fed with 5DF
(pectin} extracted from the same amount of C.
coromandelicum leaf powder. The amount of
SDF added to test diet was balanced with grass
powder. At the end of the four weeks serum total
cholesterol levels of the amimals were
estimated. On feedmng the whole leaf associated
diet for seven weeks the serum total cholesterol
levels of the rats n the test group were lowered
significantly (p= 0.049). Separated pectin from
C. coromande Heum leaf mantained (p= 0.025)
the low cholesterol levels for the following four
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weeks showing that pectin was likely to be one
cansative agent for the hypocholesterolaemme
effect (table 8). It is known that the high
molecular weight pectin can exert a
hypocholesterolaemic effect (26). Sepharose
gel chromatography confirmed that the
molecular weight of pectin was extremely high,
equal or more than two million Daltons. The
leaf was found to contain 21.0% to 45.2% pectin
m 1its soluble dietary fibre. These findings
suggested that high molecular weight
pectins are at least partly respomsible for
the hypocholesterolaemic effect of C.
coromandelicum leaf. According to hterature,
dietary fibre can contribute to lowenng of serum
cholesterol by multiple mechanisms. High
viscosity dietary fibre increases the viscosity of
digesta 1n the upper gastrointestinal tract.

This can interrupt the digestion and ahsorption
of ipids by altering the rate of diffusion and the
activity of some hydrolytic enzymes (27).
Dnetary fibre especially SDF nds wath hle
salts and prevents re-absorption via entero-
hepatic circulation. Thisresults In an increase 1n
hile salt excretion m feces thus a lowerng of
serurn cholesterol levels (28, 29). Further, the
fermented products of 5DF especially pectin
nhihit HMG CoA reductase, the key regulatory
enzyme of cholesterol synthesis in the liver and
other fissues. This produces short chain
carboxylic acids such as propionic and butync
acid by gut bacteria (30, 31), which are the
nhihitory agents.  High molecular weight
pectin can effectively bind with cholesterel and
hile salts, resulting m a reduction 1n semum
cholesterol levels (26).

Table 8: Effect of C. coromande licum leaf powder and 1solated scluble dietary fibre on

seruml total cholesterol levels of Wistar rats

Cholesterol (mg/ dL) Mean SD

Day(} Day 31
Group
Test(n=6) 8237 801 6646 4.87
Control(n=6) 82.87 7.04 7040 6.62

51931 862
7260 8.06 91,75 13.17

After 7 weeks After 11 weeks

7637 5.62

p— 0048, * p-0.025 in comparison to confrol. During the last four weels the test rats were fod with sohibk
dietary fbre extracted fom the ame amount of O coromande Fowm lea f powader

Study 3: Padmyrah Pinnatu

In the last part of the study the effect of dned
palmyrah fruit pulp (PFP) [Pinnan] was tested
on the serum total cholesterol levels of Wistar
rats. Pinnate 18 a popular snack fruit leather)
among the Tarmil people especially mn the North
and East of Sn Lanka. Pinnaty: was prepared
under strict hygienic conditions, at the Industrial
Technology Institute, from a bulk sample of PFP
from the fruits obtamed from Kalpitiva and
Hambantota. Froit pulp was layered (up to 1 cm
thickness) on a piece of cloth and dried at 65°-
67°C using the Mitchel dryer. When the first
layer wasdnedthesecond PFP layer waslayered
on top of 1t and simmlarly dned. In this manner
the whole sample was dned m successive layers
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(six layers ) for S0 hinorder topreparebrownish,
sticky, chewing gum hke 'minmaty’. The
cholestercl lowenng effect of pinnaty on Wistar
rats wasnotsignificant (p=0.10, p=0.50 and p
= (.79 for day 14, 28 and 42 respectively). This
isdifferent to what had beenreported earlier (32)
on PFE. It was suggested that destruction of
somie active principle was taking place during
the preparation or storage of pinnatu. As pectin
was suspected to be the causative agent for
the cholestercl lowenng effect, the hydrolysis
of pectin could have been the reason for the loss
of hypocholesterclaerme activity m pinnatu.
This postulate was supported by the gel
chromatography elution profiles of pinagtu SDF
and pectin. The next step was to attempt to
prepare pinnatu while preserving pectin by
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deactivating the activities of pectinases. This
was done by heating of freshly extracted PFP as
early as possible at 70-80°C for 15 mmmat pH 2.5
and readjusting pH up to 4.6. The sepharose gel
chromatography pattern ofthe 1sclated pectm of
the modified pinnagtu showed no degradation
of pectin. Therefore it was evident that the
pectinase activity had been successfully
mhibited. However, on testing this modified
pinnate smoilarly on the Wistar rats, did
not resulted 1n any hypocholesterclasmme (p =
(1.85) activity. It iz proposed that the hypo-
cholesterclasmic effect of fresh palmyrah frot
pulp 18 due to stll unknown factors that are
destroyed in the pinnatu manufachring process.
Pectm appears not to be the major factor.

Conclusion

Gymnema lactiferum var, lactiferum has
bhypoglycaemic and hypocholesterclaemic
effects on rat models and humans with diabetes
mellitug and has potential as a functional food.
Canthium coromandelicum has a
hypocholesterolaermce effect caused partly or
totally by pectin. It has potential as a functional
food. Preparation of pimmaty destroys the
hypocholesterolaermce effect of palmyrah frot
pulp. The major cansative substance for
lowerng chelesterol has not heen 1dentified.
High molecular weight pectins are not the only
causative agent responsible for the lLipid
lowerng activity.
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Relationship of serum leptin with body composition and historical risk factors of
cardisease in premenopausal women aged 25to S0 years
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The dietary habits of people changed from plant-based diet to high fat, energy densed animal-based
food. In addition, with the advancement of science people became less physicaly active. These
sigmficant changes of life style led to a pandemmc of obesity in the world. Initally, obesity was
considered a problem mamly confined to high-mcome countries. The trend has changed and, at
present, overwelght and chesity are on the rise in low and rmddle-income countries, especially among
the urban population. In Sn Lanka the prevalence of obesity and its complications are mereasing at an

alarming rate (Tudawe, 2000; Wijewardene, at al 2003).
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Leptin

Leptin hormone 15 a cytokine which 1s
composed of 167 ammne acids secreted by the
adipose tissues and secretion 15 regulated by the
Ob (Lep) gene located on chromosome 7 in
bumans. Dunng the past fificen years many
studies have been conducted related to lephin,
and now 1t 1z evident that leptin 1s not merely an
appetite regulator but alzo mvelved 1n a wide
range of metabolic actions in the human hody.
Leptn 1z mainly secreted by white adipocytes m
the body. In addition, 1t 15 also secreted by the
brown adipose tissues, gastnic epithehum and
syncytiotrophoblasts of placenta, ovares,
skeletal muscle, stomach, mammary epithelial
cells, bone marrow, pituitary and liver. Leptin
circulates m serum 10 free and bound forms.
(Auwerx & Staels, 1998).The mechanism of the
regulation of leptin secretion m the adipose
tissueisnot fully understood.

12

Relationship of serum leptin with body
composition and anthropometry

In this study, the relationship between body
composition and serum leptin was studied and
results revealed sigmificant coorelations
hetween serum leptin and weight, BMI, hip and,
walst circumfernces and waist-hip ratio. Of all
the anthropometnc measurements studied, BMI
was the best predictor of the serum leptin n this
group of women. Although regression model
excluded hip and waist circum ferences as weak
predictors m the presence of the BMI, these
measurerments also were able to predict serum
leptin to the almost similar degree. Adjusting
these correlations for the possible confounders
such as age, average energy intake and level of
physical activity did not change the results
substantially and therefore 1t can be postulated
that there 1z a genwmne relationship between
serur lepinand BML

Hip and waist cwrcumnferences represent the
central fat mass, while BMI 1s more reflective of
the total fat mass in the body and includes the
peripheral fat tissue 1o which leptin 1z achvely
produced. Thiz might explam why BMI
and total fat which are measures of global
adiposity of the body showed marginally hetter
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correlations with serum leptin than the other
anthropometric measurements which represent
theregional adiposity.

Furthermore, when women were categorized
according to ther BMI, the nghest mean serum
leptin level was found in the highest BMI
category (BMI =30.1) while the lowest mean
serumn lephin level was found in the lowest BMI
category (BMI 18-22.5). These leptin values did
not change when they were adjusted for age,
total physical activity or average energy imntake.

In this study sample, serum leptin concentration
significantly and positively comrelated wath all
the measurements of fat mass except the
percentage abdominal fat content. Of these, the
strongest correlation was seen between total fat
mags and serun leptm. These fmdmgs are 1n
accordance with the previous studies conducted
on the relafionship between serum leptin and fat
mass of the body (Fun, ef af, 2070, Shmizu, et
al.,, 1997). Jun ef af (2010) found a significant
correlation between semumn leptm and fat mass (r
= 0.67, P <0.0001). In these studies, total fat
mags, more than theregional fatcontent, was the
main detennmant of serum leptin. This fact 18
supported by the fmdings of Montague et al
(1997), who alsoreported that leptin honmone is
mainly produced by adipocytes and production
15 more prominent in subcutaneous fat than in
visceral fat depots (Montague, etal., 1997).

A previous study conducted m the USA on
Black and Winte males and females revealed a
higher leptm concentration m Black females
compared to Wite and total percentage body fat
which again 15 a measure of global adiposity to
have the Inghest correlation with leptin level
(Constance E Ruhl et al., 2004). They have
revealed percentage body fat which was
estimated wsing DX A, showed the highest
correlation with leptin {r° = 0.56 for both sexes).
In the same study total body fat and BMI
showed higher correlations with serum leptin
than the visceral fat or measures of regional
adiposity.

Existence of significant vanations of body fat
distribution among different ethnicibies 15 well
knowm. Atthe begiming of the current study we
have anticipated a different behavior of sernun
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leptin with fat mass due to the varation of body
fat distmbution between Caucasians and South
Asians. A study conducted m Texas, USA on
South Asian and Caucasian males revealed a
significant ethnic varation 1 body fat
distribution (Chandalia, ef al, 2007). Even
though there were no differences in BMI, waist
or hip circumferences between the groups,
South Asians had a higher total body fat and
subcutaneous fat mass. Intraperitoneal fat
magses were virtually identical m both South
Asan and Caucasian males. Truncal skin fold
thicknesses were higher i South Asmans.
Furthermore, South Asian men had Ingher
plasma concentrations of leptin than Caucasans
and the adipocyte cell size was sigmficantly
higher n the South Asian group {Chandala, et
al., 2007). 8imilar findings were also reported
by Shimizu, ef a@f{. They found that
subcutaenious fat in the abdominal region s one
of the main sowrces of serum leptin showing a
positive correlatation with senun leptn level in
obese as well as non-obese females {Shunizu, ef
al., 1997). Similar study conducted in Canada
has also shown that Asan Indian men and
women have higher leptin concentrations than
Caucasian men and women (Jessica Smith, ef
al., 2006). These data further reinforce findings
of the curent study m which a stronger
comrelation was found between serum leptin and
BMI aswell astotal fatmass.

From above studies 1t can be postulated that
although South Asians females have a
significantly higher leptm level than itz USA
counterparts, subcutaneous fat tissue still 1s the
major souwrce of semum leptin. Therefore,
wrrespective of ethmicity, the stronger
assoclation between sernun lephin and suirogate
ndices of total fat mass 1s still mamtained. The
sigmficance of higher serun leptn level
observed among Asians needs to be addressed.
This may be clinically relevant since vanations
of body fat distnbution and sernun leptin level
may contribute to mecreazed insulin resistance
observed among South Asians {Chandalia, ef
al., 2007). Apart from the role of regulation of
appetite, serum leptin acts as a mediator in
maintaimng body homepstasiz. Furthermore
role of leptin 1 a wide range of pathological
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processes which deterrmine the morbidity and
mortality of disease processes and the
contnibution leptin makes to these cutcome
measures among Asians need to be explored.

Although we found a strong correlation between
BMI and leptin, BMI explained only a smaller
variation of leptin. The remaining 82% variation
of serum leptin may be related to genetics but
needs further studies to confimm.

Validity of BMI, hip and waist
circumferences as surrogate measures of
cbesity in middle aged Sri Lankan
premenopausal females

In general, obhesity reflects body fat content and
there 15 no rehiable way to assess the body fat
content, clmically. Cument practice 15 to use
gither body mass ndex (BMI} or waist
circumference (WC) as surrogate
measurements of percentage hody fat (BF%).

This practice has been challenged due to the
discovery of vanations of fat mass m Asan
population 1n comparison to European
counterparts According to the findings of this
study the current practice of defimng cbhesity
(i.e. BMI =30} has several drawbacks. One
1mportant fact 1z that BMI 15 a poor correlate of
BF%. Although margmally better, WC also
showed a poor comrelation with BF%. While
WC explained 24% of the BF% variation, BMI
could explain only 17% vanahon m the BF%.
This was evident further when BMI mn general
showed low sensitivity and specificity values.
Dueto thig, there 1z a high possibility of missing
actual individuals with ohesity.

BMI cut-off values and corresponding
sensitivity, specificity positive and negative
predictive values areshownin Table 1.

Table 1: Cut-off values of BMI, hip and waist circumferences and corresponding sensitivity,
specificity positive and negative predictive values.

Variabie Cui—off values  Sensitivity  Specificiy PPV NPV
30 32.7 95.8 97.1 247
BMI 25 56.7 70.8 894 274
Rg/m’) 24.5 61.5 70.8 90.1 29.8
24 67.3 70.8 90.9 333
Efl)“““mf“m“ 92 68.3 75.0 922 353
Wast circumfcrence g 71.2 75.0 925 375

(cmm)

PPV - Posttive predictive valus
NPV - Nagafive predictive valus

A trade off was seen hetween the sensitinty and
specificity values of different BEMI thresholds.
According to findings of this study BMI 24 was
the most appropriate value to determine ohesity.
Reduction of the BMI cut-off value from 30 to
24 improved the senmitivity at the expense of
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specificity. It 1s mteresting to note that HC of 92
and WC of 78 also gave sensitivity, specificity
and predictive values sirmlar to BMI of 24, This
indicates that any of these thresholds can be
used to detect obesity with equal validity and
only the practicality of the techmique would
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determine 1ts use n both community and clinical
settings. Most of the body measurements are
correlated with BF%, sigmficantly, they arenot
good predictors of ohesity. The BMI, HC and
WC thresholds that are in current use need to be
redefined to swit the local subjects. We have
suggested alternative cut-off values to be
applied on rmddle aged premenopansal females.

Relationship of serum leptin with serum
lipids (total cholesterol, HDL, LDL), fasting
bleed glucose and blood pressure

In the current study, serum leptin showed no
significant correlations with lipids (total
cholesterol, HDL, LDL, triglycerides) or fasting
hlood glucose. However, there was a
statistically mgnificant 1nverse correlation
hetween serum leptin level and mean artenal
hlood pressure 1n subjects with systolic blood
pressure >4 GmmHg (1= -0.45, P <0.05). Similar
type of a positive comelation also seen m
subjects with aBMI> 30(r=0.32, B> (L05).

In normmotensive subjects az well az subjects
with diastolic blood pressure <90 mmHg and
subyjects with BMI <3 ( there was no statistically
sigmficant comrelations between serum leptin
and blood pressure.

Even though ammal studies have found a clear
assoclation between serumn leptin and blood
pressure (Hiraoka et af., 1997 and Ogawa et al.,
1998} data on human studies are not very
conclusive. Findings of the current study are on
par with findings of a Chinese study which also
did not find an association hetween serum leptin
and blood presswre (Wang, e al, 1999)
Findings of a another stndy conducted m Poland
on a group of normotensive subjects and
patients with essential hypertension also failed
to find an asscciation hetween serum leptin and
blood pressure (Kokot et al., 1999). Similar
study conducted m the USA on a group of men
who bhad untreated mmld hypertension has
mitially found a correlation between semum
leptin and hypertension but the association
hecame msignificant when 1t was controlled for
the BMI of the subjects (Narkiewicz et
al., 1999},
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Some human studies however have reported an
association between serum leptin and blood
pressure. A study conducted m Japan on
normotensive and hypertensive subjects
showed aligher leptin level in the hypertensive
group even after adusting for the age, BMI and
gender of the subjects (Agata et al., 1997).
Anpther study conducted m Turkey on lean,
ohese/ overweight essential hypertensives and
age, gender, walst! hip ratio and BMI matched
group of normotensives demonstrated a strong
assoclation between serum leptin and
hypertension. Moreover, plasma leptin levels
correlated, significantly, with plasma
angiotensinogen levels m this study group
(Uckaya et al., 1999}, Furthermore, Maria et al
(2003), found a significant comrelation between
serurl leptin and blood pressure and this
association was independent of BMI (Mana, et
al., 2003). This particular study used 24-hour
ambulatory BF momtoring and this may havean
etfect on the outcome of the study.

In the current study there were no statistically
sigmficant associations hetween semun lephn
and hpid levels. A previous study using a
group of hyperlipidaemic patients and a normal
control group found no statistically significant
relationship hetween serum leptin and
lipoprotens m the normal group as well as 1n
patients with combined hyperhpidaemia
(Haluzik, et al., 1999). Findings of the current
study 15 concordant with another case-control
study conducted in Turkey on a group of lean
fernales with polycystic ovanan syndrome
(BCOS), obese PCOS females and normal
females. Thiz study also found neo significant
assoclation between serum leptin and
lipoproteins (Erel et al., 2003).

In the current study, serum leptin and fasting
blood glucose levels showed no sigmificant
correlation with each other. This finding 1s
consistent with findings of Chen ef af, who
nvestigated the effects of internal change of
plasma glucose and serum msubn levels on
serur leptin concentrations mn normal subjects
and type Il diabetics (Chen, et al., 1999). A
cross-sectional study conducted m Italy on a
sample of obese and non-cbese males and
temales, however showed a direct comrelation
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between serum leptin and fasting plasma
glucose and thiz was evident only in the obese
group and not 1in the control group (Concaelal,
1599},

In the current study there was a sigmficant
difference between the mean leptin values of
patients with and without metabohc syndrome.
Subjects with metabolic syndrome had a higher
mean leptin value than the subjects whe didnot
have the metabohc syndrome. Leptin resistance
that1z seen in obese individuals may explam the
higher leptin levels m patients with metabolic
syndrome. Eenal and sympathetic achons which
are preserved m the leptinresistance status may
play an important role in pathogenesis of
metaholic syndrome (Marcelo & Kamal, 2003 ).

Smuilar results were observed m a study
conducted m Taiwan (Wen-Cheng Li, et al,
2011, In this stody increased leptin level was
considered a predictor of metaholic syndrome
n men as well as in women. Paul, et al. (2005)
conclude that leptin can predict the
development of metabolic syndrome which
18 charactenzed by dyshpidemia, glucose
mtolerance, insuln resistance and hypertension.

These findings may have a sigmficant chinical
maplication since leptin can be utilzed as
a surrogate marker to predict metabolic
syndrome. In the present study insulin
resistance was not studied and that can be
dentified as a limitation 1n understandmng the
behavior of leptin among obese women.

Relationship of serum leptin with current
dietand physical activity

In the current study correlations of serum leptin
with cumrent diet and physical activity were
mvestigated. Serum leptin was negatively, and
sigmficantly, comelated with average energy
mtake and protem intake. Adjusting these
correlations for age, did not change the results
materially. But when they were controlled for
hoth age and BMI, comelations between semum
leptin and average energy and protein intakes
hecame statistically insgnificant. Therefore, 1t
can he postulated that the inverse correlation
hetween serum leptin and average energy intake
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1sdependent on the BMI of the subject.

A previous study conducted 1n the USA found
no association between serum leptn and dietary
patterns (Vijay, et al, 2009). Another study
from the USA on a group of males with
metabolic syndrome also showed no comrelation
hetween baselne intake of total energy, protein,
carbohydrates, and cholesterol level wath the
plasmaleptin concentration (Janne et al., 2001 ).
Considering these data 1t can be postulated that
association between diet and serum leptinis not
conclusive and more studies should be done to
clanfy thiz association. Also whether the
association between serum leptin and diethas a
geographical vanationis worth considering.

There waz no relationship between serum leptin
and physical activity seen 1n this study and there
was no sigmficant difference m the mean leptin
levelz of subjects with different degree of
physical actmnity. A population-based cross-
sectional study has revealed a negative
assoclation hetween serum leptin and physical
activity previously (Franks er al, 2003).
Another study conducted on ob/ ob mice has
also further supported the findings of the
Franks, et al. (2003) (Hwa et al, 1997). In
contrast, a cross-sectional study invelving Pima
Indian children 1 the USA has revealed a
positive correlation between leptin levels and
the physical activity (Salbe et al., 1997).
Malgorzata, et al. (2011) showed a significant
difference 1n serum leptin level m physically
active group of school children compared to
physicallyinactive counterparts.

When the interaction between the physical
activity and energy mntake was assessed, the
highest meanleptin value was seen among those
physically least active and 1n the lowest energy
intake category. The lowest mean leptin was
seen among those physically very active and 1n
the highest tertile of the energy intake. The
differences were not stahistically significant
probably due to the hrmted sample size m this
study and further studies should be done to
exarmne thisinteraction inmore detail.
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Relationship of the components of body
composition and historical risk factors of
cardiovascular diseases (blood pressure,
serumlipids, bleodsugar)

Correlations of the components of body
composition and historical risk factors of
cardiovascular diseases were 1nvestigated m
this stody. Total fat mass showed sigmficant
comelations with total cholesterol, LDL,
triglycerides, cholestercl/ high density
hpoproteins ratio, BMI, mean systolic and
diastohc blood pressure and fasting plasma
glucose. Furthermore, truncal  fat mass
correlated, significantly, with total cholesterol,
LDL, BMI, mean systolic blood pressure and
fasting plasma glucose. These values did not
change significantly when adjusted for age, total
physical activity and average energy.

Abdormnpal adiposity plays a vital role m
pathogenesis of cardiovascular diseases.
Assoclation between truncal fat and
cardiovascular dizeases 1z well known and
current study alse showed significant
correlations hetween truncal fat and total
cholesterol, LDL, systolic blood pressure and
fasting plasma glucose.

In the present study lean mass positively
correlated with total cholesterol, LDL, BMI and
systolic blood pressure. In general when
compared to fat mass, lean mass 1z considered a
protective factor in cardiovascular disease. Our
study showed sigmficant correlations between
rmscle mass and mmportant cardiovascular nsk
factors like total cholesterol, LDL, and systohc
hlood pressure. This needs to be further studied
since 1t 15 an unexplored finding and very few
studies have been conducted to address this
185UE.

Bone runeral concentration (BMC) and Bone
mineral density (BMD) significantly correlated
with total cholesterc]l, LDLC, and BMI.
Furthermore BMC also comrelated wath systolic
hlood pressure mn the current study. Mozt of the
studies conducted 1n this area have revealed an
mverse assoclation between bone mass and
cardiovascular risk (Lone et al., 2004). In the
current study comelations between BMC and
BMD wnth total chelesterol, LDLC and systolic
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blood pressure hecame 1nsignificant once they
were controlled forthe weight of the subject.

These findings have important clinical
mplications since therapeutic hife style
modifications on cardiovascular diseases target
the fat mass. In prevention and therapeutic
management of cardiovascular diseases,
therapeutic procedures should be focused on
reduction of BMI since most of the comelations
with components of body composition and
cardiovascular risk factors operated through
BML.

Associations descnbed above have clear
clmical imphcations. They help to understand
the pathogenesiz of NCDs and also emphasize
the importance of therapeutic life style
modifications which target thetruncal ohesity in
the management of cardiovascular diseases.
Even m lean individuals, abdormnal adiposity
plays a wvital role m the pathogenesis of
cardiovascular diseases.

The effects of dietary and physical activity
modifications on serum leptin level and
historical risk factors of cardiovascular
diseases

Thiz mtervention exammned the effect of diet
and physical activity on CV nzk factors as well
as on leptin. The main focus of the intervention
was to determine the behaviour of leptin dunng
the intervention and to determine whether the
effects of mtervention were mediated through
the action of leptin. Although therapeutic life
style modifications are knowmto reduce CVrisk
profile, the exact mechamsm of such effect 15
not well established.

The intervention resulted 1n significant
reductions of leptin, BMI, FES, systolic and
diastchc BPs, total cholesterol, tnglycende,
LDL cholestercl, Frammgham score and 10-
year CV rigk m the Intervention group. When
hetween-groups differences (between the
Intervention and Control groups) were
considered, except leptn all the other changes
remaned sigmficant.
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The observed changes of CV nsk factors
following the intervention were not related to
leptin changes. They showed a stronger
assoclation with BMI change during the
mtervention. BMI showed a better association
than hip and waist circumferences when
explaining the effectz of the intervention.
Thereforeit canalso be inferred that the benefits
of the mtervention on CV nsk factors are not
mediated through leptin but more related to
varlation of BMI of the subjects.

According to the findings of the cument study,
the effect of physical activity combmmed with
dietary modification on leptin was inconclusive.
Although there was a sigmficant reduction of
leptin level after the intervention, the difference
hetween the intervention and control groups
wasnot significant. This occurred as there wasa
non-sigmficant reduction of leptn among
controls during the stody period. Previous
studies on lephin and hife style modifications
have generated conflicting results.

Astudy conducted inthe USA showed that long-
term changes in hifgstyle consisting of decreased
mtake of dietary fat and increased physical
activity reduced plasma leptin concentration
(Janne, et al., 2001). They also detected a
sigmficant difference of leptin levels between
mtervention and control groups following the
mtervention.

Lowis Perusse, et al. (1997) reported the effect
of physical activity intervention on a group of
sedentary adult men and women for 20 weeks
duration and reported considerable inter-
mdividual differences 1in the leptin level m
response to acute and long-term effects of
exercise; some 1ndividuals showed either
mcrease of reduction m leptin, while others
showed almost no change. On average, leptin
levels were not significantly changed by the
physical activity intervention.

The Phase II study was designed to understand
the underlying mechamsm of the cardiovascular
(CV) benefits the intervention cansed. During
the planning of the study, 1t was felt that hife style
mterventions may bring CV benefits exther
through therr direct effects on body proportions
such as BMI, hip or waist circumferences or
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may modify determinants of energy
consumption or appetite such as lephn.
According to the current study the change 1n
BMI was the most plansible explanation for the
beneficial effects of the intervention. BMI
showed stronger correlations (r} and
coefficients of determminations (') than other
hody measurements suchas HC or WC or lephn.
Also there was no comelation between changes
of serum leptin and BMI dunng the
intervention. Hence, owr findings ndicate that
the beneficial effect of the intervention 1s
probably mediated through 1ts direct effects on
BMI than on leptn. A vmt change of BMI was
associated with sigmficant changes 1n many CV
risk factors and these changes were independent
of the baseline BMI value.

There were notable and sigmficant changes 1n
the control group as well. Systolic and diastolic
hlood pressures, total cholesterol, riglycerides
and HDL values sigmficantly mcreased at the
end of the study penod. Frarmngham nsk score
and ten-year risk of cardiovascular event among
controls did not change during the period of
study. Significant weight gain seen In controls
may be due to contimuation of their nommal
dietary habits and less involvement in the
physical activity.

Involvement of serum leptin in pathogenesis of
hypertension and metaholic syndrome 12 well
known. One clmical application of the findings
of the current study 15 that low intensity physical
activity or dietary mtervention may not he
effective in curtailing the pathological effectz of
leptin m disease processes. When decidmng the
dietary and physical activity interventions in the
management of cardiovascular diseases and
metabolic syndrome 1t 13 important to consider
the intensity and the duration of the physical
activity 1 order to achieve the desired
therapeutic goals. According to the findmgs of
the current stndy cardiovascular risk reduction
achieved following the dietary and physical
activity interventions, may operates through
BML.
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Anti-inflammatory natural products from plants used in traditional medicine: A
massspectrometric approach for fast screening and discovery

Napagoda MT

Department of Biochemistry, Faculty of Medicine, University of Rubuna, Galle, SviLanka

ABSTRACT

The traditional use of Plectranthus zeylanicus and Murnronia pinnata as anti-inflammatory remedy was
rationalized by the curent study. Extremely potent 5-L0O / mPGES-1 inhibitory activihies were
observed for the hpophilic extracts of the two plant species and the bioactive constituents were
characterised by a rapid and convenentmass spectrometric approach.
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Introduction

Natural products {secondary metabolites)
are low molecular weight compounds made
by living organisms {plants, animalg,
microorganisms), and have been exploited for
treatmg and preventmg diseases since anclent
times. Despite the recent mterest in other drug
discovery approaches such as molecular
modehng, combinatorial chemistry etc., natural
products still play a major role as new clinical
candidates and drugs (1). Abouthalf of the drugs
currently m chinical use are based on natural
productscaffolds(2,3).

Although plants and thew products have been
systematically used in S Lanka for treating
1llnesses for over thousand years. S Lankan
flora has not yet been adequately studied
phytochemically or pharmacologically.

The 1solation and structural elucidation of novel
natural products from medicinal plants and
mvestigations on their bioactivities 1s
rewarding, however, the interest m this field 15
dramatically declining due to the long persisting
problems associated with conventional natural
products 1zolation approaches. The requirement
for large scale extractions, as well as laborous

Rufuna Journal of Medicine, July 2014, Vol 2, Mo 1

1solation and punfication methods which are
highly techmcally demandmg are no longer
cost-effective and time-effective, thus hindenng
the chemical profilmg of medicinal plants, and
thereby the validation of thewr uses 1n traditional
medicine.

Owver the years, mass spectrometry (WS) has
ncreasingly become an analytical tool of choice
1n the field of natural products chemistry owing
to 1tz high throughput nature, quantitative
capability and the facility to integrate wath
chromatographic separation methods. These
advanced hyphenated spectrometric techmques
afford for a rapid identification and
characternization of secondary metabolites
without the necessity of 1solation and
purification, and detailed information on thewr
metabolic profiles can be obtamed with a
minimal amount of material {(4). Therefore, the
present study was focused on the application of
MS-based rapid screeming strategies to
charactense bioactive metabolites m two
popular Sr1 Lankan medicinal plants;
FPlectranthus zeylanicus (Iruveriya) and
Munronia pinnata (Binkohomba), that are
neither phytochemically nor phanmacologically
evaluated yet.

Plectranthus zeylanicus Benth 1s a perenmal
herb of the family Lammaceas with aromatic,

g
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astringent and stomachic properties and 15 used
m folk medicine 1o decoctions for fevers,
dysentery, diarrhoes, vormiting and thirst (5,6},
Furthermore, 1t 18 vsed as a constituent of
varlions ayurvedic and traditional medicinal
preparations (Kalkaya, Prameha, Kvathaya) and
the plant 15 described to be effective 1n
combating asthma, commen cold, vaneties of
fever, cough, leucoderma, diarrhea, chromc
ulcers etc (7). Munronia pinnata (Wall) Theob
(Family Meliaceae) 15 a small herb which is
considered as a rare species but 18 also
distributed n several other Asian countries (8).
It 1= considered to be one of the most expensive
plant materials (US§ 50-1104kg) used in
traditional medicing in Sri Lanka (9). In S
Lankan folk medicine, the plant 15 a major
mgredient of decoctions and powders used
for the treatment of fever, dysentery, skin
diseases, purification of blood upon snake
htes and malaria (10,11}, According to the
pharmacopoeia, 1t exhihits wound punfying,
anthelmintic, carminative and laxative
properties, 1t wnproves digestive power, reduces
dermatitis, promotes lactation, destroys worms
and 1nterestingly, 1415 also used for the treatment
of polyuna, cough and edema (7,11). Despite the
therapeutic importance, the scientific evidences
are 1nsufficient to rationalize the reported
ethnopharmacological use of these two plant
SpPECIes.

Prostaglandins (PG) and levkotrienes (LTs) are
formed from arachidonic acid (AA) and act as
maportant mediators of inflammation, allergy
and pain (12). LTs contribute to various
mflammatory and allergic reactions 1n the
pathophysiclogy of asthma, allergic rhmmts,
atherosclerosis, cancer, etc (13 ). 5-lipoxygenase
(5-L0O) that catalyzes the first two key steps in
LT osynthesis from AA 15 conmidered as a
valuable drug target (14,15). Among the PGs,
the PGE, 15 formed from A A under inflammatory
conditions essentially by cyclooxygenase
(COX)-2 coupled to microsomal PGE, synthase
(mPGES)-1 (16). Dual pharmacological
mtervention with hoth LT and PGE, hosynthesis
proposes a strong therapeutic benefit 1n
mflammatory diseases. In fact, plant-demnved
natural products have been reported to dually
suppress 5-LO and mPGES-1 activity (17,18)
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which rationalizes these pro-inflammatory
enzymes as functional targetz for anh-
nflammatory phytomedicine.

Therefore the present study was undertaken to
evaluate the anti-inflarmmatory mode of action
of £, zeplanicus and M. pinnatz and characterize
therelated secondary metabohites.

Materials and Methods
PlantMaterial

FPzeylanicus was collected 1n Nittambuwa
(Gampaha district) while M. pirnatc was
collected 1n Weerasuriyakanda (Gampaha
district} and Algama (Kegalle district) in 2011/
212, The plants were 1dentified by the anthor
and aunthenticated by companng herbarmm
specunens at the National herbanum, Royal
Botanical Garden, Peradenmiya, 511 Lanka.

Preparation of crude extracts

The plant materials (whole plants) were dried,
powdered (13 g of P zeplanicus, 15 g of M
pinnata ) and successively extracted with 600 ml
of n-hexane, dichloromethane (DCM), ethyl
acetate (EtOAc) and methanol Besides, 3g
of powdered materials were extracted m 300 ml
of 70% methanolwater. The scolvents were
evaporated and the crude extracts were then
subjected to the bioactivity studies.

Evaluation of Bicactivity

5 - Lipoxygenase (5-LO) activity in intact
neutrophils

Human peutrophils were 1solated from
leucocyte concentrates obtained from the
University Hospital Jema, Germany. The
neutrophils were treated as described (19) and
were preincubated for 15 min at 37°C with test
compounds or vehicle (0.1% DMSO), and
incubated for 10 min at 37°C with the Ca®-
ionophore A23187 (2.5 uM) plus 20 uM AA.
Thereafter the 5-LO products formation (LT,
and its trans-isomers, 5-H(P)ETE} were
analyzed by HPLC as described (19). Cysteinyl-
LIs€,, D, andE, and oxidation products of LTE,
were not deterrmned.
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5-LO activity in cell-free assays (purified
5-L0O)

E.coli (BL21) was transformed with pT3-5-LO
plasmid and recombinant 53-LO protein was
expressed and partially punfied as descnbed
(20}, Aliquots of semi-purified 3-LO were
mmediately diluted with 1ce-cold PBS
containing 1 mM EDTA, and | mM ATP was
added. Samples were pre-incubated with the test
compounds or vehicle (0.1% DMSO} and the
5-LOinhiition was detected as described (20},

Determination of mPGES-1 activity

A540 cells were prepared and the microsomal
fraction was obtained (21). The resuspended
rcrosomal membranes were preincubated with
the test compounds or vehicle (DMSO). After 15
run, PGE, formation was initiated by addiion
of PGH, (20 uM). After | min at4°C, the reaction
was termmnated, and PGE, was separated by
solid-phase extraction and analyzed by RP-
HPLC as described (21},

DPPH assay

The radical scavenger capability was assessed
by measuning the reduction of the stable fiee
radical 2, 2-diphenyl-1-picrylhydrazyl (DPPH}
as described (22). The absorbance wasrecorded
at 520 nm after 30 mn 1ncubation of the test
sarnples (10011 of 5, 25, 50 pg/ml} withDPPH in
ethanol (30 pM , 100 pl) under gentle shaking 1n
the dark. Ascorbic acid and L-cysteine were
used asreference compounds. All analyses were
performed m triplicates.

Measurement of reactive oxygen species in
neutrophils

Neutrophils were preincubated with test
compounds (or (.1% DMSO as vehicle) for 15
run. Then, the peroxide-sensitive fluorescence
dye 2°, 7’- dichlorodihydrofluorescein diacetate
(DCF - DA, 1 pg/iml) and CaCl, (1 mM) were
added 2 min prior to the addibion of phorbol
myristate acetate (PMA, 0.1 pM). The
fluorescence ermssion at 530 nm was measured
after excitation at 485 nm m a themally
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controlled (37°C) NOVO star microplate reader
(BMG Lab technologies GmbH, Offenburg,
Germany).

Statistical analysis

Data are expressed as mean + S5.E. [C,, values
were calculated by nonlinear regression using
Graph Pad Prism software one site binding
competition. Stahistical evaluation of the data
was performed by one-way ANOVA followed
by aBonferroni/ Tukey-Kramer post-hoc test for
multiple compansons respechvely. A p value
< (103 (*) wasconsidered significant.

Phytochemical screening
Bicassay-guided fractionation

M. pinnata hexane extract (130 mg) and P
zeylanicus hexane and DCM extracts (230 mg
and ! 2{) mg respectively) were fractionated over
a silica gel column. The samples were eluted
with n-hexane, different rmxtures of EtOAC 1n
#-hexane (3%, 3%, 10%, 15%, 25%, 35%, 505,
75%, 100%)} and methanol, successively,
yielding 11 fractions. The collected fractions
were evaporated and then subjected to
bioactivity assays and LC-MS analysis.

Liquid Chromatography coupled Mass
sSpectrometric{LC-MS) anal ysis

#-Hexane and DCM extracts of P zeplanicus
and n-hexane extract of M. pimngiz and the
fractions obtained thereof were analyzed on
LIQ-Orbitrap mstrument (Thermo Fisher, San
Jose, CA} with electrospray ionization (EST)
fatmospheric pressure chemical ionization
(APCI). 15 ulaliquots of the diluted samples (10
ugimlin EtOAc) were injected and separated by
liquid chromatography by DionexAcclaim”
RSLC 120 €18 column (2.1 » 150 mm packed
with 2.2 um, 120 A). Reversed phase UPLC
gradient separations were performed using
water and methancl as mobile phases. The
ESI/APCI conditions were optimized to
generate full scan and collision-induced
dissociation (CID) mass spectra with 30,000 and
7500 resclutions, respectively. The full scan
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mass spectra were recorded in the m4 range 100-
2000, CID mass spectra were obtammed at
different collision energles between 1 and 55 V.

Molecular formulaidentification

Following a published method (23), the
molecular formula were 1dentified by 1sotope
pattern and fragmentation tree analymis. The
fragmentation tree that explains the data best 15
calculated by an optirmzation algonthm.

Gas Chromatography coupled Mass
spectrometric (GC-MS)analysis

GC-MS analysiz of the crude extracts and the
fractions of interest was cammed out on a gas
chromatograph HP6890 (Agilent, CA, USA)
connected to a MS02 mass spectrometer from
Micromass (Waters, Manchester, UK} with EI
70 eV equpped with ZBSms column (30 m
(+.25 murn, ¢.25 pm film thickness; Phenomenex,
CA, USA).

Results
Bioacivity and Phyiochemistry of P. zevianicus

Evaluation of 5-L.O inhibitory activities of £
reylanicus

B zeylanicus extracts (100 pg/ml) that were
prepared by using r-hexane or DCM as solvent
strongly inhibited 5-LO activity n A?3187-
stimulated neutrophils (inhibition >85%),
whereas extracts obtamed by the use of
hydrophilic solvents, (water or methanol) were
comparably ineffective (Figure 1A). More
detailed concentration-response studies using
this cell-based assay revealed IC, values of
6.6 and 12 pgiml for P zeplanicus extracts
prepared with z-hexane and DCM, respectively
(Figure 1B). The synthetic reference mhibitor
zileuton (approved as anti-asthmatic drug)
blocked 5-LO activity with IC,=0.13ug/ml.
The unspecific detnmental effectz of the
extracts on the viabihty of nentrophils can be
excluded bhased on the ahlity of the cells to
prevent trypan blue uptake m the presence of 10
or 100 pug/ml.

Fig. 1A Fig. 1B Fig.1C
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Figure 1: Inhibition of 5-LO activity by P. zeplanicus extracts: (A), (B) m mtact human
neutrophils and (C) in cell free assay. Data are given as mean +/-S.EM., n=3-4,
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Suppression of 5-LO product synthess in the
cell may be cansed by diverse mechamsms,
others than interference with the 5-L.O enzyme
activity, thus to investigate whether or not the
extracts directly inhibat 5-L.O activity, acell-free
assay was apphed. #-hexane and DCM extracts
of P zeylanicus cansed concentraion-dependent
mwhibition of cellular 5-LO wath IC, = 1.2 and
0.7 wgfml, respectively (Figure 1C). For
zileuton, the IC, value was determined at (111

ug/ml.

Evaluation of radical scavenging properties
and suppression of ROS formation in
neutrophils

The majonty of natural products from plant
ongm that suppress 5-LO activity may confer
their inhibitory action by unszelective
antioxidant reactions as they reduce the active-
site iron, decompose 5-LO-activating lipid
hydroperoxides or scavenge intermediate
fatty acid radicals within LT synthesis (18). To
investigate whether zuch unzelective
antioxidant properties may account also for 3-
LO inhimtion by P zeplanicus extracts, radical
scavenging properties were assessed usmg the
cell-free DPPH assay. In contrast to the
reference antioxidants, the x-hexane or DCM
extracts of £ zeplanicus were not able to
significantly reduce radical formation,
suggesting that 5-L.O mhibition 18 not mediated
by a redox-based mechamsm. In accordance
with the DFPH assay, neither the #-hexane nor
the DCM extract of P zeplanicus cansed
sigmficant inhbition of ROS formation in
neutrophils stimulated with the bacternal peptide
fMLE.

Bioassay-guided separation of the P
reylanicus extracts

To get more msights mto the dentity of the
mgredient and composition of the extracts that
rght be responsible for the potent inhivition of
5-L0O, the n-hexane and DCM extracts were
separated by hguid column chromatography
mte 11 fractions that were analyzed for
mhibition of 1z0lated 5-LO 1n the cell-free assay
at concentrations of 1 and 10 ug/ml, each. Out of
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the 11 fractions (F) of the n-hexane extract, F-6,
F-7,F-8, F-4, F-10 and F-11 at a concentration
of 10 pg/fml inhibited 5-1O activity by = 50%,
and only F-9 and F-10 were active at 1 ug/mlL
(> 50% 5-LO inhimtion}. For the DCM extract,
F-6, F-7, F-9, F-10 and F-11 were active at 10
ugiml concentration in the 53-LO cell free assay,
but none of these fractions showed significant
5-LO imhibitory activity at 1 pg/ml.

GC-MS analysis

Highly potent 5-LO inhibitory F-9 and F-10
from the n-hexane extract of £, zeplanicus, were
subjected to a phytochemical screemng by GC-
MS and UPLC-MS. The GC-MS analysis of F-5
and F-10 revealed 13 and 12 components
respectively, 1dentified by companson of ther
experimental mass specttum with those
recorded i the NIST M5 Search 2.0 and Adams
mass spectrum libraries as well as by
comparison with the respective standards

(Figure2}.

Pelative aburdancs (%)
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Figure 2: Charactensation of constituents of
hoactive fraction F-Y of the n-hexane extract of
P zeplanicushy GC-MS

Total 1on chromatograph of F-U of the #-hexane
extract of £ zeplgnicus and 1ts 1dentified
compounds. A: Eudesm-7(11}-en-4-0l, B:
hexadecanoic acid, C: phytol, D: 4,12, 15-
octadecatriencic acid, E: callirizsic acid,
F: Cholest-5-en-3p-ol, G: ergosta-5,22-dien-
3B-ol, H: campesterol, I stigmasterol,
F. p- stosterol, K p-ammyrin, LD c-amyrin,
M: shgmast-4-en-3-one.
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UPLC-MS analysis

Analysis of F-9 by UPLC-MS revealed two
uncornmon compounds (denoted as compound
A and B, Figure 3A) and two common
phytosterol derivatives were also detected in the
TIC.

Only compound B yielded a substantial peak in
the TIC of F-10.

The accurate mass measurements of compound
B using the Orbitrap instrument and the search
inthe METLIN databaze suggested the presence
of coleone P (C,H,,0,, Figure 3B} in both F-9
and F-10 The 1dentity of coleone P was further
confirmed by itz fragmentation pattern, which
agrees with literature data”. In addition, the
peak at m/z 383.20648 which comesponds to
compound A, fits well with the molecular
formula C, H,, 0, (mass accuracy of 0,131 ppm}
suggesting the presence of cinncassiol A /
cinncassiel C3, a diterpenoid which has been
15olated from the farmly Lauraceae.
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Figure 3: Identification of constituents of bioactive fractions of the n-hexane extract of £ zeplanicus by

UPLE-MS

(A} Total ion chromatogram of F-9 of the hexane extract of P zeplanicus and its 1dentified
compounds. A: cinncassiol A/ cinncassiol C3, B: coleone P, C: stigmasterc], D: stigmasterol-3,

22,25-trien-3-P-ol
(B} Chermcal structure ofcoleoneP.

Bicactivity and Phytochemistry of M.
pinnat

Evaluation of 5-L.O and mP GES-1 inhibition

A potent mhibhtion of 5-LO activity 1n

neutrophils was observed for the n-hexane and

DCM extracts of M. pinnaita (10 and 100 pgiml,

Figure 4A), whereas methanol and water

extracts were almost ineffective and reduced 5-
LO activity only by 15 and 16% at 100 pg/ml,
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respectively (Figure 44A). More detailed
concentration-response studies usmg this cell-

hased assay revealed an IC,, value of 8.7 pgfml
forthe n-hexane extract (Figure4B).

n-hexane and DCM extracts (at 10 pgiml),
efficiently blocked 5-LO activity in the cell free
assay while extracts prepared with water or
methanol were much less effective (Figure 5A).
Az shown in Figure 5B, the n-hexane extract of
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M. pinnata cansed potent and concentration-
dependent inhimtion of 5-LO activity wath IC,, =
(.48 pgml. For zileuton, the IC,, value was
determined at (.11 pgfml. As n-hexane extract
appeared to be most mteresing, the potential
of this extract tointerfere also with the formation
of the pro-inflammatory PGE, produced by
mPGES-1 wasinvestigated.

A
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The extract potently and concentration-
dependently inhibited the enzymatic
transformation of PGH, to PGE,, catalyzed by
mPGES-1. The IC,, value was determmined at 1.0
ugiml (Figure 5C}), which 1z even slightly lower
than that the IC,, for MK886 (1.3 pg/ml), a well-
recognized mPGES-1 inhintor, used as control
(not shown).
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Inhibition of 53-LO by various extracts (10 pg/ml) of M. pinnata or zileuton (3
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S.EM., n=3-4.
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Evaluation of radical scavenging properties
and suppression of ROS formation in
neutrophils

The n-hexane extract of M. pinnaiz up to 50
ugiml 1s not able to significantly reduce radical
formation while 1t did not canse significant
mhimtion of REOS formation. Of interest,
extracts hased on water, methanol or DCM were
ahle to reduce ROS formatiom, with the
methanol extract being most potent (54.7 +/-
6.9% inhimtion).

Bioassay-guided separation of the M. pinnaia
n-hexaneextract

Early attempts of phytochemical screemng of M.
pinnata either failed (12) or provided
incomplete information”. In order to get more
nsights into the identity of secondary
metaholites that are responsble for the potent
whimtion of 3-LO and mPGES-1, the sn-hexane
extract was fTactionated and the resulted 11
fractions were analyzed for mhimtion of 1solated
5-L0O and mPGES-1 m the cell-free assays at
1 and 10 pgfml, each. Outofthe 11 fractions (F)
of the n-hexane extract, F-5, F-6, F-7, F-8, F4
and F-11 at aconcentration of 10 pg/ml inhibited
5-LO activity as well az mPGES-1 by >50%.
Among these fractions, F-6, F-7, F-§, and F-9
were significantly active at 1 pg/ml for 5-LO
whereas F-6, F-7, and F-8 inhibited mPGES-1
significantly at 1 pg/ml. These data imply a good
correlation ofthe fractions for dual inhition of
5-LOandmPGES-1.

Identification of constituents of the #-hexane
extract and its bicactive fractions GC-MS
analysis

The »n-hexane extract and the fractions F-6 and
F-8, which displayed high 5-LO and mPGES-1
inhivtory activities, were subjected to a
phytochemical screemng by GC-MS and
UPLC-MS. The GC-MS analysiz of the =-
hexane crude extract led to the 1dentfication of
19 components (Figure 6). Among the above
dentified compounds, 12 compounds were
detected n F-6 and only 3 compounds m F-8
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after analysis.

LC-MS analysis

The accurate mass measurements and the
subsequent database search n METLIN
suggested several compounds for the peaks
denoted as compounds A, B, C and D present in
F-6 (Figure 7). Compound A, with a s value
of 477.33337, fits the molecular formula of
CH, O Nawith amass accuracy of -1.145 ppm.
The comprehensive analysis of the
fragmentation pattern suggested the most
possible stmucture for the compound A as
ganodenol F The accurate mass measurements
of compound B from the Orbitrap instrument
suggested the molecular composition of
C.H ONa (mz 48136400} with a mass
accuracy of -0.658 pprL The database search
and the amalymiz of CID spectra proposed
cormpound B to be most hikely the interpenomds,
conicasterol C or theonellasterol E according
to its characteristic fragmentation pattern. In
addifion, two common phytosterol denvatives
were also detected 1o the TIC and (compound C
and D} and were proposed as stigmastentriol
and tigmastercol, respectively.
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Figure 6: Total 1on chromatograph of the »-
hexane extract of M pinngta and 1ts 1dentified
compounds. A: P-caryophyllene, B:
1socaryophyllene, C: dodecanocic acid, Do
caryophyllene oxide, E: neophytadiene, F:
hexadecanoic acid, G: phytol, H: 5,12 -
octadecadiencic acid, It octadecanoic acid,
F 481216 tetramethylheptadecan-4-olhide,
K: heptacosane, L: squalene, M: stigmastan-3,
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5-diene, N: hentriacontane, O: a-tocopherol, P:
camnpesterol, Q: stigmasterol, R: B-sitosterol,
8: stigmast-4-en-3 -one.

100 -

o, L]
= =1
!

Ralathve abundancs %)
B
=}
I

&
8 an D
. ue | e
i /
ab l k'
|‘ L i
|.“| ' |I
P M - I—— Lo
1] T T T T T ]
o 10 n k] ab 50 1]
Tiresa (rmin}

Figure 7: Total 10n chromatograph of F-6 of'the
n-hexane extract of . pinnata when analyzed
with the ESI source and the presumed
compounds. A: ganoderiol F, B: conicasterol
C/ theomellastercl, C: stigmastentriol, D
stigmastero] (the peak denoted as “ *” 15 due to
erucylamide, a contaminant in the LC system).

Discussion

Here the attempts were made to (I) rationalize
and validate the tradiional use of the medicmal
plants P zeplanicus and M. pinnata as anh-
mflammatory remedies by analysis of ther
ability to interfere with 5-LO/mPGES-1 activity
and (1T}, to identify relevant constituents of the
Moactive fractions. In fact, n-hexane or DCM
extracts of P zeplanicus and n-hexane extract
of M pinnatacansed direct and potent inhibition
of human 5-LO and suppressed the biosynthesis
5-LO products 1n 1sclated human nentrophils
while the latter inhibited the human mPGES-1
as well. Notably, these extracts exhitnted no
sigmficant radical scavenging or antioxidant
activities in cell-free (DPPH assay) or cell-based
(ROS generation in neutrophils) test systems,
and failed to reduce nentrophil viability. Hence,
the hpophilic £ zeplanicus and M pinnata
extracts contain nonredox-related principles that
specifically mteract with 5-LO supporting an
anti-inflammatory potential. Instead of
performing extensive chromatographic
separations and 1sclation procedures aiming to
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reveal potential bicactive constituents by
applying traditional phytochemical apalysig,
rapid and convenient chromatographic/MS
approaches were employed for compound
1dentification.

Since the P zeplamicus and M. pinnata are
widely used 1o traditional medicine 1n 511 Lanka
to alleviate the pathological condiions cansed
by flammation (6,7,10) the emphasis was
given on inhibition of 5-L0 and/or mPGES-1 as
potential underlying mode of action. In fact, 5-
LOazkey enzyme inthe mosynthesis of the pro-
inflammatory LTs (14} 1z explored as a drug
target for many inflammatory disorders (28). A
large number of plants and their extracts and/or
specific secondary metabolites thereof have
heenreported that are capable of suppressing the
hosynthesis of 5-LO products. Such
nterference with 3-LO achivity 1s considered as
hasis for the anti-inflammatory featores of the
respective plants (and medicinal preparations
thereof) in folk medicine. However, many of
these mvestigations lacked sufficient and
detailed expernimentation and the 5-LO
inhihitory potencies of the extracts often turned
out to be comparably low (IC,, values of approzx.
20-80 pug/ml)(29). Even for extracts of the gum
resin of Boswellia serrata, which 15 conmdered
as potent 5-LO 1nhimting natural product
and thus frequently nsed as anti-inflammatory
remedy (303, IC,, values of 8.4-30 ug/ml were
determnined (31). In direct comparison to these
potencies, the results obtzined with the n-hexane
and DCM extracts of P, zeplanicus (1C,, of (1.7-
12 ug/mly and m-hexane extract of M. pinnata
(IC, of 0.48 -8.7 ng/ml} are remarkable and
suggest a high pharmacological potential for
intervention with 5-LO-1elated dhsorders.

Previous studies showed that plant derived
5-LO 1nhimtors such as hyperforin,
myrtucomrmlone, boswellic acids ete, also
inhimt the activity of mPGES-1 (17,34}, and
such dual suppression of two major pro-
nflammatory pathways might be beneficial for
effective and safe therapy. PGE, 15 considered
as major mediator of inflammation and pain,
and non-stermidal anti-inflammatory dogs are
assumed to confertheir anti-inflammatory effect
essentially via suppression of PGE, biosymthesis
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(12}. In fact, the n-hexane extract of M. pinnata
and also the frachons F-6 to F-9 effectively
repressed the activity of mPGES-1 with IC, =1
ugiml. To the best of knowledge, no other
medicinal plant-derived extract has been
reported thus far with such high potency agamst
mPGES-1, and also the well-recognized
synthetic mPGES-1 mhibitor MK 886 (IC,,=1.3
ugiml) was not superior. Therefore, the high
efficiency of A pinnagta aganst 5-LO and
mPGES-1 m witro rmght be of pharmacological
relevance and provides a rationale for 1ts use as
antl-inflammatory usein folk medicine.

Efficient chromatographic and MS techniques
were utihzed in the current study on the putative
hoactive constituents mn restncted fractions of
the »n-hexane extracts of the two plant species.
Tandem mass spectrometry was employed here
and the accurate mass measurements data were
used to tentatively 1dentify the compound 1n the
active fractions. This approach 1z novel m the
factthat 1t allows for fast data de-rephcation and
will give the researchers a hint on the class of
compounds. The amounts of compounds that are
able to assay using MS/MS experiments is
typically much smaller and 1t can work on
rmxtures.

The cuarent study provides new msights towards
phytochemicals of £ zeplanicus, and among the
1dentified compounds 1o the most active
fractiong, some have heenproposedtopossessin
vitro and 1n vivo anti-inflammatory properties
(35,36). Among the identified constituents in the
active fTachions of the n-hexane extract of £
zeylanicus, coleone P 1s of particular interest.
The genus Flectranthus 15 nch m coleone-type
diterpenoids which exert several hological
activities such as anticancer and antimicrobial
activities (37,38,39). Coleone P has been
1zolated from the Plectranthus species P
caninus (26), and current spectral analysis
proposes the presence of this compound m the
active fractions F-9 and F-10 of the P, zeplanicus
n-hexane extract. Besmides coleone P, cinncassiol
Af C3 as well as callitrisic acid were 1dentified
for which the kmowledge regarding moachvities
18 rare. Furthermore, the pentacyclic triterpenes
t- and P-amynn which have displayed anti-
mflammatory activity m 1 vitro and m wive
models are present in the active fractions (35).
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The chermcal profiling of M. pinrata has been
hindered for many years mamly due to the
dearth of plant matenals for large scale
extraction and 1solation procedures. However,
the current study has unveiled the
phytochemistry of this medicinal plant for the
first ime. Among the 1dentified constituents in
the »-hexane extract by GC-MS, i-
caryophyllene and caryophyllene oxide might
be of mterest. Anti-inflammatory activity of &-
caryophyllene was revealed i models of acute
(carrageenan-nduced} nflammation® while
caryophyllene oxide exhibited significant
cytotoxicity agamst the human cancer cell lines
*. Furthermore, the presence of &-tocopherol
could be comelated to the 5-LO mhibition as 1t
has displayed a potent mhitntion by selective
and tight binding to 5-LO (42},

The LC-MS analysis of F-6 and of F-8 of the »-
hexane extract of M. pinnaic suggestz the
presence of some mnterestmg compounds,
however, the available tandem mass spectral
data which resulted from poor fragmentation of
precursor iong, are insufficient for a conclusion.
Particularly, the tentative 1dentification of
ganodernol F 15 of mterest as this tnterpenoid
was reported to exhiwmt strong anti-HIV-1
protease activity (43} as well as in vivo
antitumnor effects (44). Further optimization of
LC-MSMS conditions in planned follow-up
studies may permit confirmation of the
1dentified structures.

Although 1t 15 reasonable to correlate the
antnnflammatory activities of £, zeplanicus and
M. pinnata to the presence of the 1dentified
compounds supported also on hiterature reportz,
there are several unkmown compounds that are
not 1n any database which might alse contnibute
to the Moactivity. Therefore, the planned
expansion of thiz study towards the
1dentification of unkmown compounds 1n the
active frachon with theuse of fragmentationtree
alignments (23} will provide better insights into
the chemical profiles of the above plants.
Thereafter, further experiments with
synthesized compounds will be worthwhile fora
better understanding of their bioactivities, 1n
particular withrespect to the mhivtion of 5-LO
and mP GES-1.
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Conclusion

By demonstrating potent inhibition of 3-
LO/mPGES-1 activity by lipophilic extracts of
P zeylanicus and M. pinprgta 10 different
hiclogical test systems, the traditional use of'the
above plants 1n St Lanka for the treatment of
mflammatory conditions could be explained.
The phytochermcal analymiz of the bioactive
fractions n-hexane extracts of P zeplanicus by
MS techmiques led to the 1dentification of
coleone P for the first time 1n this plant, along
with other thus far unknowm or potentially
nteresting constituents for which anti-
mflammatory activity has been proposed. The
phytochemistry of M. pinnata was revealed for
the first time and several secondary metabolites
with lmown anti-inflammatory properties were
dentified by mass spectrometnic techmigues.
The zohd platform laid by our study will be
mdispensable for further phytochemical and
bioactivity research on these popular and
valuable medicinal plants 1n the futore. The
current data may strmlate for more detailed
prechmcal analysis of the pharmacological
properties of P zeplanicus and M. pinnata that
may further support itz therapentic potential 1n
the treatment of nflammatory disorders.

Acknowledgements

The author sincerely acknowledge the
International Max Planck Research School for
the PRD fellowship (2010-2013). The study was
conducted under the supervision of Dr Aled
Svatod (Research Group Mass
Spectrometry/Proteomics, Max Planck Instinute
Jor Chemical Ecology, Jena, Germany), Prof
ey Wewd PFORETE g
PrarmaceuticallMedicinal Chemistry, Institute
of Pharmacy, Friedrich-Schiller-University
Jena, Germany) and Prof. Sebastian Boecker
(Chair for Bioinformatics, Friedrich-Schiller
University Jena,  Germany). The author
expressed her sincere thanks to Jana
Gerstmeier, Andreas Koeberle, Sandra Wesely,
Sven Popella (Institute of Pharmacy, Friedrich-
Schiller-University), Syhille Lorenz {Max
Planck Instivute for Chemical Ecology) and
Eerstin Scheubert (Department of

Ruhuna Joumal of Medicine, July 2074, Vol 2 Mo !

Bivinformatics, Friedrich-Schiller-University)
Jortheir contribution to this stud),

References

1. BuflerMS. The role ofnatural product chemistry in
drug discovery. Jowrnd of Nawrad Prodwcis
2004;672141-2153.

2 MNewman DJ, Crage GO Natural products as
sources of new drgs aver the last 25 years. Jownal
of nafwral products 20071033461 477,

3. Harvey AL MNatural products in dmg discovery
Dieg Dhiscovery Today 2008131197207 894-501.

4. SBatker 5D, WNahar L. An infroduction to natural
products isolation Mefhods i molecwlar biology
2012 Bo4d:1-25.

5. Arambewela L, Wijesmphe A S Lankan medicinal
plant Monographs and analysis - Vol-11
Plectraniftes zeplapiows, 2006; MNational Science
Foundation, St Lanlka.

6. Jayawesra DMA Medicinal plants (Tndigenous and
exofic) used in Ceylon, Part 2. 1982; National
Science Councl, Stilanka 108-109.

7. Avurveda Pharmacopesal. Part (1) 1979

Department of Ayurveda, 51 Lanlca.

8. Dassanayake MD, Fosberg FR. A FRevised
Handbook to the Flora of Ceylon. Vol 3. 1981
Amertindubl. Co. Lid India.

8.  Dhattnadasa B, Hettiatachchs PL, Premalounara
A5 Geographical distribution and conservation of
a rare medicinal plant Muesonia pinpciz (Wall)
Theob Weliacea)m Sr1 Lanka Bangladesh Jotwnal
of Plapt Tovoromy 2011 :18:38-45,

10, Jayawesra DA Wedicinal plants (Indigenous and
exofic) used in Ceylon, Part 4, 1982; National
Saience Councl, SriLatka.

11 Arambewesla L, Wijssinghe A 511 Lanlcan medicimal
plant Monographs and analyss- Vol- 12 Adunrordia
Prmila 2006: National Scence Foundation, Sn
Larka

12 Funk CD Prostaglanding andleudeotrienes: advances
in ercosanoid biology, Scfence 20017294187 1-1875.

13, Werz O, Steinhilber D Therapeutic options for
S5-lipoxygenase intuhitors. FPhamacology and
Therapettica2006;112:701-718.

31



Reviews

14.

1:5;

la.

(i

1%

19

20

21

22

23

32

Radmark O, Werz O, Steanhilber D, Satnuelsson B.
5-Lipoxygenase: regulation of expression and
enzyme achvity Trends I Blochemical Scignces
2007:32:332-341.

Pergola C, Werz O 5-Lipoxygenase mbahitors: a
review of recent developments and patents. Experf
Opinion on Therapentic Pofents J01020(3):355-
375

Sarmuelsson B, Morgenstern R, Jakobsson T
Membrane prostaglindin B synthase-1: a nowel
therapeutic tfarget Pharmacologionl Reviews
00759 307-224.

Koeberle A, Werz O Intobators of the mictosomal
prostaglandin B[ 2 synthase-1 as alternative o non-
stercadal anfianflammatory dmgs (NSATDS)Y - a
crifical review. Cwreni Medicial Chemisiy
2009;16:4274-42506.

Werz O, Inbwhition of 5-hpoxygenase product
synthesis by natural compounds of plant origin,
Plopbe Medica 3007730130133 1-1357.

Pergola C, Dodt G, Rosa A, Neunhoeffer E,
Lawrenz B, Hinnale H, Samuelsson B, REadmark: O,
Sautebin 1, Werz 0. ERK-mediated repulation of
leulatriens hosynthesis by androgens: a molecular
basis for gender differences m inflamnmation and
asthrna. Procesdings of the Mational Academy of
sciences of the Umifed States of Amersca
2008;105: 19881 -19886.

Fischer 1, Szellas D, Radmartle O, Steintalher I,
Werz 0. Phosphorylation- and stimulus-dependent
inhibiion of cellhlar 5-hpoxygenase activity by
nonredox-type inhibitors. FASEER Jowrnal
2003;17:548-85].

Kaeberle A, Siemoneit U, Buehring U, NorthofT H,
Laufer 5, Albrecht W, Werz O, Licofelone
suppresses prostaglandin B2 formation by
interference with the inducble microsomal
prostaglandin B2 synthase-1. Jowrnal of
FPropmacolpgy and Experimental Therapeutics
2008 320:575-582

Blois MS. Anfioxidant Deferminations by theUse of
a StableFree Radical, Maftre 1958 181:1159-1200.

Rasche F, Scheubett K Hufsloy F, Zichner T, Kai b,
Svatos A, Bocler 5. Idenfifying the unlonowns by
ahigrming fragmentation frees. 4 nalpiical Chemisty
2012840 T3417-3426.

24.

25.

2a.

27

28

29,

3.

31

32

33

34

Werz O, Steintulber D Development of 3-
lipoxygenase inhubitors-lessons from  cellular

enzyme regulation  Biochemical Pharmacology
2005;70:327-333,

CarterGW, Young PR, Alhert DH, Bouskea I, Dyer R,
Bell B1, Swnners JB, Brooks DW. 5-lipoxygenass
inhihitory activity of zileuton. Jowrnal of
FPhomacology wd Experimental Therapeufics
1991:2563):525-537,

Arhara 5, Ruedi P, Bugster CH. MNeue spiro-
Cyclopropyl-cyclohexendion-Diterpene:  Coleons
oL, N, P, ), R sowie Bathatnsin aus Plecfranifns
confmws BOTH und Coleon 0 ans  Colews
somaliensis 8. MOOR. Helvefion Chimica dofa
1975581 343-356.

hunasanghe MLAWMS Thytochemnical screemmng
of Mwwoniz pinatz (Wall) Theob dwerveds
Someefmbovg 2002:1:164-171.

Peters-Golden B, Henderson WE. Lewlofrienes.
The New England Jowrnal of Medicine
2007.357:1841-1854.

Schneider I, Bucar B Lipoxygenase inhdbitors fom
natural plant sources. Part 12 Medicinal plants with
intubitory activify on arachidonate 5-lipoxygenass
and 3-lipoxygenase! cyclooxygenase.
FPhytothergphy Reseqrch 200519(23:81-102

Ammon HP Boswellic acids in chronic
inflarnmatory  diseases. FPlands Medica 2006;
T2(131100-1116.

Wildfsuer A, WNen IS, Safayly H, Metzger G,
Wehrmarmn M, Vogel U, Ammon HP  Effects of
boswellic acids extracted from an herbal medicine
on the hiosynthesis ofleuleotrienes and the course of
gxperimental autoimmune encephalomyelitis.
Arenefmittelforscinng 1998480068674,

Bugster IJ, Guillatme D, Rudaz 5, Veuthey JL,
Carrupt PA, WolfenderJL. Ultra high pressure liquad
chromatography for crude plant extract profiling,
Jowrnalof AT Tnternaffonal 201194 151-69,

Perry FEH, Cooles EG, Noll BRI, Othifrap tmass
specfromefry:  instumentation, don mofion and
applications. Mass Specfromefry Reviews
2008270001655,

Bauer J, Koeberle A, Dehtn F, Pollastro T,
Appending &, Morthoff H, Rosst A, Santehin 1,
Werz O Arzanol, a premylated heterodirneric

Ruhuna Journal of Wedicine, Juk 2014, Vol 2, Mo f



Reviews

phloroghicinyl pyrone, inhihits eicosanoid
biasymthesis and exhabits anti-anflammatory efficacy
in v, Biochemical Pharmacology 201 1:81258-

8.

35 Eweifio-Okar G, Macrtides TA Anfilipoxyzenase
activity of amyrin triterpenes. Research
commuications in chemacal pathology and

pharmacology 1592783 367-372.

36, Preto-Garcia b, Recio MC, Giner RBhi Anti-

inflarrnatory actrrtyofbeta-sitosteral

of oxazolone-induced contact delayved type
hypersenstrity. Boletin Latmoamericano vy del
Caribe de Mantas Medicinales v Aromdticas

F006;6(4):57-62.

37 Marques £0, Fedro M, Simdes MFA, Nascimentn
,IST, Pinto MWW, Rodriguez B. Effect of ahietane
diterpenes Fom Plecfranife grandideniatus on the
growth of hirman cancer cell ines. Plawda Medica

2002 68( ¥ 835-8440.

38 Jang X, Wu H, Wang X Huang ¥, Tad), LiiZ, Yang
¥, 1lm'Y, Lind Inhubition of firmor cell proliferation
by Coleon O Jownal of Chemofheraphy

20052002 238-245.

38 Wellsow I, Grayer B, Vestch NC, Kolbun T, Lell
B, Kite G, Sitmemonds ST, Insect-antifeedant and
anfihacterial activity of diterpennids from species of

Flectranine. Phytochemitp 0060718181825,

Ruhuna Joumal of Medicine, July 2074, Vol 2 Mo !

it a roodel

0.

41.

41,

43,

44,

Gerfsch ], Leonti v, Raduner 5, RaczI, Chen JZ,
Xe KO, Altnann, KH, Karsak M, Zinner A
Beta-caryophyllene 15 a disfary cannabinoid
FProceedings of e Nofional deademy of Sciences of
fhe United Stafes of dmerfoa 2008 10550995104,

Junn I, hlosaddile A, Moon JY, Jang KC, Les DS,
Kwang 5A, Cho 5K Cytotoxic Activity of
caryophyllene oxide isolated fom Jyu pava
[Peidiwm cafflefonen Sabing) lsal Records of
Natural Produect: 20115247 346,

Reddanna P, Rao ME, Reddy CC Inhabition of
5-lipoxygenase by witarnin E. FEBS ILeffers
19851933543,

el-MMeldcawry 5, Meselhy WME, Malcamura M, Tezulca
Y, Hattord b, Kalauchi I, Shurmotohno K, Kawahata
T, Otalee T Anti-HIV-1 and anfi-HIV-1-proteass
substances from GTanoderma Tecidum.
Fiytochenisfry 1998:49:1651-1657.

Gan JT, Hitakawa A MMinBS, Nalkatmura N, Hatton
b Mnvivo anfiinor effects of atter principles fom
the antlered form of fwting bodies of Garoderma
hecidum. Jowrnal of Natwdl Medicines 2006;60:42-
48,

33



Reviews

The effect of ¢-KIT and NPM 1 mutations on myeloblast proliferation and

differentiation

Kurukula Arachehi Chandana Wickramaratne

Senior Lecturer, Department of Pathology, Facully of Medicine, University of Rubuna, S¥i Lanka

Corresponding author. KAC Wiclramaratne

<chandana wickramaratne@gmail com>

Introduction

Acute myeloid leukemia (AML} 15 a
heterogeneous group of malignancies arsing
from myeloid stem cell (1,2). The outcome of
AML 15 ommnous most of thetime. The prognosis
and freatment of AML (and other levkemias as
well} 15 dependent on many genetic mutations
and chromosomal aberrations present with the
disease. The classification of AML 15 also based
on morphology, cytochemistry and genetic
markers. Except for the recumently defined
chromosomal aberrations such as t(9;21),
t(15;17), mv(1}6, t(9;11}, the majority (more
than 50%) of AML carries normal karyotype
with no underlying recurrent genetic
abnormality (1,2). Two novel mutations
dentified in some haematological and non

haematological neoplasia include mutations 1n
c-KIT gene and NFM 1 gene.

c-KIT 15 a proto-oncogene which encodes a
transmembrane tfyrosine lanase I receptor
(3,4). With 1ts higand stem cell factor, c-KIT
receptor has been shown to be important for cell
growth, function and survival of cells. It belongs
to the same farmly of receptors, in Monocyte
Colony Stimulating Factor (M-CSF), PDGF and
FLT 3. It 15 expressed in many different human
cells including normal haesmopoietic precursor
cells, mast cells, germ cells and melanocytes ete.
Itz activation leads to a cascade of
phosphorylations m the cytoplasm. It has been
mplicated 1n many none hasmopoietic
malignancies including cancers in breast, lung,
ovaries etc (3,4,5,6,). Almost all primary
systemic mastocytosis patients show c-KIT

34

mutations speclally one named as c-KIT 816
(D816V). Over-expression of c-KIT receptor in
myeloblasts was ohserved m 60-80% of AML.
Point mutations of ¢-KIT gene were exclusively
assoclated with Core Binding Factor AML
(CBF-AML} which constitutes about 33-45% of
AML and showed higher relapse rate. This could
herelated to direct effect of mutated c-KIT gene.
The relapse and worse prognosis in AML sub
types with inv (16} and t (8;21) were associated
with c-KIT mutations even though these
subtypes fall m to good prognosis category
(5-12}).

Some experimental studies support the
hypothesiz that these fusion protems impar
myeloid differentiation and expand
haemopoietic stem cell pool. Some of these
mutations specially 816 when present 1n
Chronic Myeloid Levkemia (CML) showed
increased resistance and treatment falure to
Imatmb Mesylate, the current best therapy
available for CML(13,14).

Therefore, study of effects of these rutations on
myeloblasts could be 1mportant to understand
disease outcormne and to assess possibilities for
therapeutic interventions by blocking mutated
protein as 1t 13 one major research in leukaemia
therapeutics (15-19).

On the other hand, nuclecphosmin
(nucleoplasmin) (NFM) is & nucleocytoplasmic
protein found m both normal and tumour cells
(20,21}, It was shown 1o studies that & mutation
in NPM (NFM 1} is more abundant in nuclei of
tumour cells than normal cells (20,21).
Mitogenic activation or growth of cells 1s
associated with increased nuclephosmin protein
1n nuclens m many folds. NPM regulates p 53
and tumour suppressor pathways hoth positively
and negatively. It 1s 1nvelved 1n ribosome
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hiogenesis and centrosome duphcation as well
(20,21,22).

‘The NFM 1 mutation has been associated with
different haemopoietic malignancies by virtue
of itsinvolvement n translocations. Recently in
35.2% of primary AML, it was shown aberrant
cytoplastmc localization of nucleophosmin
protein. It was associated with many different
subtypes of AML and interestingly most were of
normal karyotype (20-23). AML with recurrent
genetic abnormalities and secondary AML were
devold of NFMI mutations thus cytoplasmmc
localization of nucleophostmn (22,23,24).

The immortalized murine myeloblast (32D}
cells have been widely used in research and
assessed for statnlity m m-vitro cultores. These
cells are easy to manipulate in nucloefection
procedures. The charactenstics of the 32D cells
are well defined (25,26).

Considenng these facts, 1t can be argued that C-
KIT rutations and NFM 1 mutation can play a
sigmficant role m leukemogenesis. Therfore,
this study was planned to assess effects of these
rmutations on two most 1mportant featores 1n
tumourgenesis; excesslve uncontrolled
proliferation and mhitwtion of differentiation. To
study effects of genetic mmtations, 32D cells are
used 1n many researches showing 1its
applicatlity m laboratory sething thus selected
m this study.

Objectives

Objectives of this study was to assess
differences 1n prohferabion, differentiation and
autonomouns prohiferative capacity of normal

and c-KIT & NPM 1 mutated murnne
myeloblasts.

Method

Immortalized murine myeloblasts (32D cells)
were selected for the study. The 32 D cells are
derived and established from long termm bone
marrow cultures of C3H/HeJ mice infected with
Friend of Murine Leukaerma vims. These cells
are immortalized and are constitutively
dependent on IL 3 to proliferate continuously
and on G-CSF to differentiate n to neutrophils.
In the ahsence of growth factors these cells

Ruhuna Joumal of Medicine, July 2074, Vol 2 Mo !

dechne prohferative capacity and undergo
apoptotic death withm 24 hours of culturing 1n
the absence of growth factors (IL 3 & G-
CSF).Unmutated (wild type 32 D cells) were
selected as negative control.

Using plasmid vectors and mutated gene
sequence avallable, munne myeloblasts were
nucleofected with c-KIT and NFM 1 mutations
using standard protocol. 'Wild type 32 D cells
were mixed with nuclecfection media
containing highly purified plasmids and were
incubated providing standard conditions.

After completion of nucleofection, cells from
each nucleofection group were transfemed to
culture dishes. Culture dishes were mcubated
under standard conditions and 1sclation of
clones were done under strict sterile conditions
avolding mixing or contarmnation.

The eukaryotic green fluorescence protein
(EGFP)} gene was used in the procedure of
nucleofection to venfy success of theprocedure.

All the mutated and unmutated murne
myeloblasts (32D cells) were propagated and
cultured using standard techmgue. At the end of
the initial incubation phase, cultures were
assessed for postivity of green fluorescence
under fluorescent microscope. Sets of cell cones
positive were considered successtul and further
propagated m RPMI 1640 (Rosewell Park
Memorial Institute} media (by Cambrex Bio
Science - Walkersville, Inc.) with antibiotics
(penicillin and streptomycin} to avoid
contaminant bactenal and fungal growth. The
media was rmxed with G-CSF and or IL 3
(depending on assay) and foetal calf serum to
provide requued basic factors for cell survival
and propagation. The most stable and cell count
optimal, clones with adequate surviving cells
were selected and transferred to 25cm’ coming
culture flasks with angled neck (CORNING
Flasks, polystyrene, sterile) with RPEMI media to
perform proliferation and incubation assay.

All the clonesincubated over night at 37°C with
3% CO, and other standard conditioms.
Dnfferentiation assay and cell count were
performed using standard techmgues at the
heginning of each day, in each cultured clones.
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A cytospin preparation was prepared every day
and stamned with Giemsa method using standard
protocel and kept labelled with mutation and the
date.

After taking the cell count every morning, a
standard quantity of cells (1.5 x 10%ml RPMI
solution) re transferred for culture propagation
to be contimued overmght. Excess cells and
media were removed, destroyed and discarded
using standard protocol. Thus every day the
proliferation started with the same cell number
as per the umt volume of media.

The difterent clones propagated m the study are
giveninthe tahle | with abbreviations.

The clopes 1 preliferation assay were
propagated only with IL 3 as the growth factor.
The clones were propagated for 7 days. Cell
counting was performed every mormng using
Casey cell counter. The cells were ohserved for
fungal or bactenal growths and for dead cells
using the nverted microscope.

The differentiation assay was performed m the
ahsence of IL 3 but with G-CSF as the growth
factor. Cell counting, cytospin preparation and
replacementofmediacontinued.

To assess autonomous prohferation abihty
clones were propagatedinthe absence of hothIL
3 and G-CSF.

Whenmore dead cells are prezent in clones, they
were removed using density gradient cell sorting
systemn using standard protocel (wnth
lymnphoprep solution) to minimize negative
effect of dead cell comstituents on cell
preliferation.

Presence of mutations 1n research cell clones
was confirmed using fellowing three
technigues.

1. Examination under UV flucrescent
rmcroscope for positive green fluorescence
(Figure 1}.

2. Flowcytometry using C-KIT antibodies to
check expression level with fluorescence
activated cell sorting (FACS) system. This

confirms expression of C-KIT gene m cell
COMES.

1. Western blot analysis was used to assess
degree of expression of nucleophosmm. A
control phoenix cells (murine fibroblasts)
with NFM 1 mutation were taken as the
control. Cells from each selected clone were
lysed to extract protems and purified (to
retain nucleophosminy. The protein blots
prepared were incubated with radiclabeled
antinucleophosmin antibodies and Xaay
exposure films were taken to confim
expression of NFM 1 1n selected clones.

Table 1: Clones of 32 D cells and abbreviations used

Clone number Clone

Abbrevigion used

LS. 1725 32 Dcells —negative control — wild type P2DWT
210,18,2a 32 D cells with EGFP nuclecfection 32D EGFP
3,11,15.27 32 D cells with wild type C-KIT gene 3A2DKTWT
4122028 32 D cells with wild type NPM1 gene 32D NPM1 WT
5,13,21.29 32 D cells with mutated NFM 1 gene 32D NFMIMUT
6,14,22 30 32 D cells with C-KIT mutations — msertion/deletion 1 KITID1
7,15,23,31 32 D cells with C-KIT mutations — nsertion/deletion 2 KITID2
8,16,24.32 32 D cells with C-KIT 816 mmitation KIT 815

i
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Figure 1: Demonstration of green fluorescence

ofnuclecfected cells.

Results

Proliferation assays

The proliferation assay showed an almost
sirmlar proliferation pattern and rate m all the
cell lmes. There was no difference n rate of
preliferation chserved in wild type over mutated
ones. Table 2 shows the prohferation of different
cell clones over 10 days n cultaremedia.

Table 2: Prohferation assay - results are given number of cells X 10%/m] media

Day of the Culture

ﬂf;fi D1 D2 Dy D4 DS Ds D7 Dy DS DIy
1 32 4.5 64 6.7 3 3 8.5 3 3.3 3.3
2 34 & 685 6% 32 78 34 7 £.3 S
3 6 g6 35 4b 54 3 3 &3 83 3
4 33 &.3 54 65 74 .6 9 g g% 4
5 2.4 52 36 10 13 w12 Gb- D5 L0
& 5:5 4 &3 i3 6.6 %4 3 3 & Ib
7 3 & 52 10 16 12 74 4 2.6 32
3 32 ] 73 67 10 et 9 g8 80 3
o % 74 62 i %4 11 76 45 &5 3
10 s 6.2 Bds A 78 w7 7 7 3.3
11 25 3.3 &3 B %0 i5: 40 1o 8.5 3.2
12 2T 5.8 64 6 Ef) 2 e 4 7
13 2 5 63 54 L0 24 85 Q 1.9 34
14 5.8 5L 1& F5 10 1y 5 &2 4% d
I 4 63 43 77 3 e S i4 9 10
16 2 6.3 iy B 3.6 e 29 64 8 25

Figure 2: 32D cells in different stages of differentiation assay.
A, 33D cells with o KIT 816 mutafion on day 2, B.
C. Wil type 32D cells in day 10
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31D cells with o KIT mufation on day 10,
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Differentiation assay

Interestingly, the differentiation assay showed
mnpaired differentiation compared to 32D WT
cells. This was reflected by the presence of large
percentage of blasts compared to 32D WT even
towards the end of the assay. Specially the cell
cone with c-KIT 816 showed highest difference
compared to wild type. Even on day 12, mutated
clones showed over 50% blasts m the presence
of 100% differentiation mn to nentrophils in wild
type clones by day 10, Figure 2 shows different
32D cells at different stages of differentiation
ASSAY.

Interestingly, both mutated and wild type clones
farled to sustain autonomous proliferation in the
ahsence of growth factors and undergo complete
apoptosis by day 2. FACS analysis of cell cones
showed c-KIT positivity. However, the signals
were weak, could be related to the degree of
EXPTESSION.

In addition, more apoptotic cells were noted 1n
wild type clones while less apoptosis was noted
mmutated clones n differential assay. However,
apoptosls was not assaved 1n the study to
ascertain exactdetails.

Discussion

The preliferation of wild type cells and mutated
cells showed almost equal degree and rate of
proliferation in this study. The 32D cellsusedin
the study are immortalized blasts having
enormous capacity to prohferate thus, the
proliferation assay may not be sensitive enough
to 1dentify the differences. The msenmtive
nature could have been the reason for absence of
an cbservable difference 1o prohferation assay.
Therefore, more sensitive assays (such as H3 -
Thymidine incorporation) are needed to
ascertain differences 1 preliferation at
molecular level.

Surprisingly both wild type and mutated ones
failed to sustamn prohferation beyond two days
without growth factors. This needs further
evaluation to ascertain the exact nature of
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activity of the mutations studied and need for
additional supportivemutations.

In this study, the most conclusive results are
obtammed mn differentiation assay. Those support
the effect of c-KIT mutation m propagation of
leukernia by inhibiting differentiation. Even at
the last day of the assay, mutated clones had a
sigmficant quantity of undifferentiated hlasts in
the culture. In c-KIT &1 6 clone, 1t was more than
30%. The clones with pure wild type cells and
wild type gene had shown rapid differentiation
and marked apoptosis withn a few days after
commencenent of azsay. This could be utilized
toexplain ominous natre of the c-KIT mutation
1nleukaemias.

However, the expression of c-Kit appears weak
1n clones studied. If the expression of c-KIT was
optiumal the results could have been more
decisive.

The NPM 1 mutation however, failed to show
any 1nfluence either on proliferation or
differentiation of myeloblasts.
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The heterogencity of the RNA degradation exosomein Sulfelobus

Chamindri Witharana

Department of

Introduction

ENA 15 necessary for protein synthesis and for
gene regulation m all iving orgamsms. Most
ENA molecules are transcribed as precursors
which are then maturated by nbonucleases
(RNases) and RNA modification enzymes.
Often large multiprotein complexes are
responsible for the maturation and for the
degradation of vanous ENA molecules 1n the
cell. The general mechanisms of RNA
processing and degradation are highly
conserved and 1nclude endonucleclytic
cleavages, posttranscriptional modification at
the 3'-end (RNA tailing) and exoribonucleolytic
degradation or tnmming 1n 3'-3' direction or in
3'-3' direction (for recent reviews see Refi (1-3).
Controlled RNA degradation as a part of the
postiranscrniptional generegulation 1s especially
inportant for unicellular, prokaryotic
rcroorganisms, which are exposed to changing
environmental conditions. Prokaryotes are a
highly heterogeneous group which include
bacteria and Archaea. Archaea show
morphelogical sirmlanties to bactena, but are
closely related phylogenetically to evkarya than
to bacteria (4). They also show a sirong
simmlarity to enkarya at the molecular level, for
example 1n the mechamsms of rephication,
transcription and translation. Archaeal mBNA|
however, 18 more similar to bactenal mBMNA: 1t
18 generally mtron-less and lacks a long
stabilising poly (A)-tail at the 3'-end as well as a
methylguancsine cap at the 5'-end. In
accordance with this, the mechamsms of ENA
degradation in Archaea show strong sirmlanties
to those operating 1n bacteria (7). For example,
the archaeal protein complex named exosome 15
structirally and functonally simmlar to the
hacterial polynuclectide phosphorylase
(PNPase) (5-8). The bacterial PNPase and the
archaeal exosome show structural smilanties to
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the eukaryotic nine-subunit exosome (9), but
there are mmportant functional differences
hetween the eukaryotic and prokaryotic
exosome-like machmeries. The activity of the
eukaryotic nine subumt excosome 15 due to a
tenth subumt with simmlarity to the bactenal
ENaze R, while 1ts FNPase-like, nine-subunit
core 18 catalytically inactive (10). The
eukaryotic ten-subunit exosome that functions
as a hydrolytic 3'-3' exoribonuclease and an
endoribonuclease (11,12} iz essential and
participates m varous RNA processing and
ENA degrading pathways both i the nucleus
and 1n the cytoplasm (13,14). Bukaryotic RNAs
are 1ntended for exombonucleolytic 3'-5
degradation by the addition of short poly (A)
tailz. Thiz destabilimng pelyadenylation 1s
performed by specialized protein complexes
that are different from the eukaryotic exosome
(15,16}, In contrast, both the bacterial PNPase
and the archasal nme subunit exosome are
phosphorolytic 3'-3' exonbonucleases, which
also can use NDPs to synthesize destamhzing,
heteropolymeric ENA tails, which are used
as loading platforms for exo-rihonucleases
(6,17,19). In Archaea lacking the exosome,
ENA 15 not post-transcriptionally modified at
the 3'-end (19). In these exosome-less Archaea,
ENA 1z erther exonbonucleclytically degraded
n 3'-3' direction by a homologue of bacternal
RNase R (in halophiles) or seems to be
exclusively degraded n 5°-3° dwection by a
bomologue of the bactenal RNase J (In some
methanogenic Archaea) (20,21). Like in
Bacteria, m Archaea degradaton i 5°-3°
direction 1s inhitted by a 5°- triphosphate and 15
performed by BNase J homologues (22,23). The
endoribhonucleclytic mechanisms, which are of
central maportance for RNA degradation in
Bacteria (3,24) are still not explored in Archaea.
The recently descrbed, endonucleclytically
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active RNase J homologues i methanogens
are good candidates for principle
endorbonucleases 1n the thrd domamn of hife
(21}). The existence of the archaeal ex osome was
proposed by omnformatic analyses based on its
similarity to the evkaryotic exosome (23} and
was verified by co-mmmunoprecipitation from
the thermoacidophilic archason Sulfolobus
solfataricus (26). Later, its existence in vivo was
verified for two further archaeal species,
Methanotermobacter thermoquiotrophicus and
Thermococcus  kodakarensis (27,28). Major
components of the archaeal exosome are the
orthologs of the enkaryotic exosomal subumts
Erpdl, Rrp42, Brp4 and Csl4 forrmng the nine-
subunit form of the archaeal complex, and the
archaeal DnaG protein, the function of which in
respect to RNA 15 still unknown. The structure
and the catalytic mechanism of the reconstituted
archaeal nine-subunit exosome are well
understood. It 15 bult of a phosphorelytically
active hexametric nong containing the subumits
Rrp41 (harbouring the active centre) and Rrp42,
to which a tnmmenc cap of the RNA-bnding
proteins Rrp4 and/or Csl is bound. It performs
metal-dependent phosphorolysis of RNA 1n the
presence of inorganic phosphate (P1) and Mg, Cl,
and synthesizes BENA usmg NDPs wathout a
terplate (5-8, 29-31}.

In vitro, the amounts of Pi, NDPs and Mg, Cl
determine the direction of the reaction (32).
However, hittle 15 known however about the
regulation of the functions of the archaeal
exosome in vivo. The function of the RNA-
binding cap was 1nvestigated iz vifFo using
recombinant exosomes of several archaea
helonging to the genera Sulfolobus, Pyrococcus
and Archacoglohus. So far, homomeric caps
composed of Brpd or Csld were studied m detail.
Generally, the presence of Rrpd or Csld
mcreases RNA nding and the efficiency of
ENA degradation and ENA synthems by the
archaea exosome (7,8,18, 32-34), Recently we
have shown that Rrpd and Csl4 confer different
substrate specificities to the archaeal exosome
and that Rrpd strongly prefers poly(A).
Although 8. solfataricus does not have poly(A)
tails, poly(A) stretches are present in the
heteropolymenc ENA tals synthesized by the
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exosome (19). Furthermore, the GC content of
the 8 solfataricus genome 15 37% and short
poly(A} stretches are present in its mRNAs.
These poly(A) stretches are most probably the
determinants recognized by the Rrpd-
containing exosome, smce the presence of a
naturally cccurring, adenine-rich RNA  tall
enhanced the degradation of a synthetic,
heteropolymeric ENA by the exosome carmying
a homomeric cap bwlt of Erpd but not of Csld.
Although 1t was shown in vigo that the
reconstituted exosome of Archascglobus
fulgidus can carry a heteromeric cap containing
Rrpd and Csld (7), the cap composition of the
archaeal exosome was not studied iz vivo so far.
Changes in the composition of the exosome may
nfluence not only 1ts substrate specificity, but
also the mteraction with other proteins and even
1ts subcellular locahization. The majonty of the
active site contamning subumit Rrp4] 15 localized
at the periphery of the 8. solfataricus cell and s
detectable 1n the insoluble fraction of a cell-free
extract. DnaG was also detected at the cell
periphery and 1 essentially insoluble. The amm
of this work was to analyze the composition of
the soluble and the inscluble exosomes. We
found that the exosome contains heteromeric,
Erp4 and Csl4 containing caps in vive, and that
exosomes with different sedimentation
hehaviours differ m thewr composition.

Material and Methods
Cell growthand fractionation experiments

8. solfataricus P2 was grown 1n a 101 fermenter
at 75'C in a rich medium under air supply as
described. Cells (470 mg wet pellet) were re-
suspended 1n 1 ml lysis buffer containing 20 mM
MES (2-(N-morpholinojethanesulfonic acid),
pH 6.5, 0.5 mM EDTA, 1 mM PMSE 2 mM
DTT, DNase [ and 1 mM protease mhitor
cocktail (Sigma Aldrich, Germany), and
sonified. After lysis, 500 mM ammonom
chlonde and 10 mM magnesium acetate were
added and the cell free extract was clanfied by
centrifugation at 2500 g for 20 min at 4°C. To
obtamn 5100 and P100 fractions, the supernatant
was subjected to ultra centnifugation at 100,000
g for 1 h at 4°C. Prior to analysis, the pellet
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fraction was re-suspended m 1 ml of Tysis buffer
containing 500 mM ammonmm chloride and 10
mM MgCl. Membranes were removed at
13,000 g. Fractionation m 15-70% sucrose
density gradient contaimng 5 (mM ammonom
chlonde and 10 mM magnesm acetate was
performed.

SDS-PAGE and Western blot analysis

Proteins were separated m 12% 5D5-PAGE and
sllver stained, or blotted onto a mitrocellulose
membrane and hybridized with rabat sera
directed against Rrp4l (26), DnaG (18), Rrpd
and Cgld (Dawvids Biotechnologie GmbH,
Regenshurg, Germany). The secondary
antihody was antl-rabbit g6 conjugated with
peroxidise (Pierce), and the Lumi-Light Western
blotting substrate (Roche Diagnostics GrabH})
was used for detechon. The bands were
guantified using Peqglah Fusion SL 4 mstrument
and the corresponding software.

Co-immunoprecipitation and depletion
experiments

Co-immunoprecipitation and depletion
experiments with polyclonal antibodies
covalently coupled to protemn A-Sepharose were
performed as previously described (18). We
used 800 ml of cell-free extract or 600 ml density
gradient fractions (pooled were 300 ml of
fractions 6 and 7 or fractions 12 and 13} and 0.04
¢ of beads coupled with antibodies 1n 150 ml
phosphate buffered sahne wereused.

Reconstitution of exosomal complexes

PCR was performed with genormuc DNA of 5.
solfataricus, the amplificates were cloned in
pDrive (Qiagen) and re-cloned between the
Xhol and Ndel restriction sites of the pET-15b
expression vector. Rrpd deletion vanants as well
as the full-length subunits of the exosome
Rrpdl, Rrp42 (6) and Rrpd (29) were over
expressed in Escherichia coli BL21 (DE3) and
punfied by N1-NTA affinity chromatography. To
analyze the mteraction of deletion variants of
Erpd wnth the hexamenc nng, the punfied
subunits were muxed together 1n nearly
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equiniclar amounts and were dialysed at room
temperature 1n a buffer contaiming either 150
M or 500 mM NaCl, 10 mM Tris pH 7, 5 mM
MgCl,, 0.5 mM EDTA, 5% Glycerol, 0.05%
Tween 20, 0.2 mM DTT for 20 . Then co-
immunoprecipitation with Rrpdl-specific
antihodies followed by SDS-PAGE analysiswas
performed.

Results

Differences in the composition of the soluble
and the inscluble exosomes

Previcusly we have zhown by
immmunofluorescence that the majonty of the &
solfataricus exosome 15 localized at the
periphery of the cell. Conmstent wath this, only a
minor part o fRrp41 was detected m the soluble,
supernatant fraction (S100) and Dnal was
detected only m the meoluble, pellet fraction
(P100} after ultracentrifugation of the cell-free
extract at 100,000 g. So far, the RNA-binding
subunits of the exosome Rip4 and Csl4 were not
nvestigated m thiz respect. To address the
guestion whether there are differences 1n the
composition of the RNA binding caps of the
soluble and the meoluble exosomes, antihodies
were raised agamnst recomtinant Rrpd and Csl4
of 8. solfataricus and were used in quantitative
Western blot analyses of the 5100 and P10G0
fractions. Dna(G and Rrp41 werealso meluded in
the analyses. In three independent expenments,
21 (+ or -} 3% of Rrp4 and 23 (+ or -} 3% of
Erp4l were detected 1n the S100 fraction. In
contrast, Csld and DnalG were detected 1n the
P100 fraction only (Figure 1A). Since the
sensitivities of the antibodies used for detection
of Csl4 and DnaG are lower than the sensitivities
of the anti-Rrp4l and anti-Rrp4 antibodies (not
shown}, this result does not necessarily mply
different subunit contents of the soluble and the
inscluble exosomes, but confirms that the
majority of the exosome 15 1nseluble. To directly
compare the compositions of the soluble and the
nsoluble exosomes, we decided to punfy the
exosome from the 5100 and the P100 fTractions
by co-immuncprecipitation. The 1solation of the
exosome from the S100 fraction succeeded (see
helow), but we were not able to
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mnmunoprecipitate the complex from the P100
fraction. Therefore we decided to use sucrose
density gradient fractions and to compare the
composiion of exosomal complexes with
different sedimentation behaviours. The
majority of the exosome sediments with the
mermbranes, but some exosome 15 also presentin
fractions of low density (soluble exosome) and
m the middle of the gradient (part of the
msoluble exosome co-sedimenting with
ribosomal subunits). Since
mrmunoprecipitation of the exosome from the
membrane containing fraction 19 failed, we
decided to compare the soluble exosome from
fraction 6tothe msoluble exosome fom fachon
12. We first removed the heavy membrane
fraction with the Sla proteins and the associated
exosomme by centnifugation of the crude extract at
13,000 g. The supematant contamning the scluble
components of the extract and particles with
high molecular weight hke the rihosomal
subunits was then fractionated through asucrose
density gradient, and the fractions were
analyzed for the presence of exosomal subunits
by Western blot hybridization (Figure 1C). In
agreermnent with the datain figure 1A, Rrp4l and
Erpd were detected in fractions come sponding to
soluble and mecluble components of the extract,
while DnaG and Csl4 were detected only m the
fractions with mscoluble components. Using
Rrpdl-specific antibodies, we were able to
1z0late the soluble exosome from fraction 6 and
the msoluble exosome from fraction 12 (Figure
2}. SDSPAGE analysis revealed the presence of
followmg protems 1n the elution fraction
containing the soluble exosome: Ripd, Rrpdl,
Rrp42, Dpaty, and a protein larger than DnaG,
which was 1dentified as EFl-alpha by mass
spectrometry (Figure 2A). The identity of DnaG
was also confirmed by mass spectrometry.
Figure 2B shows that the msoluble exosome
from fraction 12 contams no EFl-alpha. A
control expenment with a pre-mrmmne seram
was also performed using fraction 6 of the
density gradient. No EF1-alpha and no Dnaty
were detected, neither by SDS-PAGE and silver
staiming, nor by mass spectrometry analysis (not
shown).
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Figure 1: Detection of DnaG, Rrpdl, Ripd and
Csld in fractions of the 8. solfataricus cell-fiee
extractby Western blot analysis A) Western blot
analysis of 5100 and P100 fractions. Equal
volume of the 5100 and the P100 fractions were
separated 1 12% BSDS-PAGE, blotted and
hybridized wiath sera duected agamst the
exosomal subunits indicated on the right side of
the panels. B} Schematic representation of the
sedimentation of the small (308) and large (508)
ribosomal subunits, and of membranes (MB)
with surface layer protemns m fractions of a
sucrose density gradiemt with 500 mM salt.
Shown 15 also the relationship hetween sucroze
density gradient fractions and S100 and P104
fractions. The sedmmentation of the exosome 15
shown on the example of DnaGG detected by
Western blotting of selected fractions.
Fractionated was the crude extract C). The cell-
free extract was subjected to low speed
centrifugation to remove the membranes with
the surface layer proteins and the associated
exosome. The supematant was frachonated
through the sucrose density gradient and the
fractions were analyzed for the presence of
DnaG, Rrpdl, Erp4 and Csl4 by Western blot
hybridization. The analyzed fractions are given
ahove the panels the detected protems are
marked on the nght mide. The relationship
between density gradient fractions, S100 and
P100, and the sedimentation of the nbosomal
subunits 12 given helow the panels.
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Smce the exosomes from fractons 6 and 12
represent a mnornty of the exosome 1 &
solfataricus cells, questions arise about their
functional relevance. To address this, we
performed activity assays with the co-
mmunoprecipitated complexes. The assays
were performed directly with the protemns bound
to the protein A-Sepharose beads (18). Lanes 7
and & m figure 2 C show that the soluble and the
msoluble exosomes can degrade RNA. Thus,
although present in low amounts, the soluble
exosome 15 active. We verified that the exosome
18 amajor RNA degrading enzymne n the soluble
fraction of S. solfataricus: The RNA degrading
activity of fraction 6 disappeared after depletion
of the exosome by three rounds of co-
mmunoprecipitation with Rrpdl-directed
antihodies (Figure 2C, lanes 1 and 2). Similar
results were obtained for the polyadenylation
activity of fraction 6 and for fraction 12 (not
shown). A companson between figure 2A and B
shows that m relation to the hexamenc core
composed of Rrpdl and Rrpd2, more Dnals 15
present in the msoluble exosome from frachon
12 than m the soluble exosome from fraction 6.
Csld was not clearly detected in the mlver
stamed gels, but 1t was possible to detect 1t by
Western blot hybnidization. To analyze the
differences in the compostion of the RNA-
binding caps of the soluble and the msoluble
exosomes, the elution fractions shown m figure
24 and B were hybnidized simmltaneously with
Rrpd-and Csld-dimected antibodies. Figure 2D
shows that in relation to Rrpd, the mscluble
exosome contains higher amounts of Csl4 than
the soluble exosome. DnaG and Csl4 were not

detected by Western blot analysis in the S100
fraction (Figure 1A) and in fractions of low
sucrose density like fraction 6 (Figure 1C), but
were co-immunoprecipitated from those
fractions (Figure 2A and D). This shows that the
amounts of DnaGG and Csl4 m 5100 and 1n
fraction 6 were under the lim1it of detection m the
Western blot analysis, but it was possible to
enrich these proteins during the
immunoprecipitation procedure. In summary,
Figure 2 shows that the soluble and the inscluble
exosomes differ in ther DnaG content and m the
composition of the RNA-binding caps. The data
also suggests an mteraction between the soluble
exosome and EF1-alpha. Both the soluble and
the msoluble exosomes can degrade RNA, but
thewr funchonal relevance 18 still unexplored.

To confim an interaction between the soluble
exosome and EFl-alpha by an independent
experniment, we purified the exosome from the
S10¢ fraction using DnaG-specific antibodies.
The immunoprecipitated exosome contamed
Csl4, Rrp4, Rip4 1, Rrp42, DnaG and EF1-alpha
(Figure 3A). The identities of Dpa(G and EF1-
alpha were confirmed by mass spectrometry. We
assumed that only a part of the exosomal
complexes present m the soluble fraction
contain Dnals, Therefore, we decided toremove
the Dna(G containing exosome from the S100
fraction by three rounds of Immminoprecipitation
with the Dnati-zpecific antihodies, and then to
purifythe DnaGi-lesz exosome from the depleted
S10¢ fraction using Rrpdl-specific antibodies.
Figure 3B shows the Western blot analysis of the
flow through (depleted S100 fraction) after
each.
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Figure 2: Exosomal complexes with different
sedimentation behaviours are aciveand differin
their composition. A} and B} Silver stained SDS-
gels zshowing proteins purified by
coimmnunoprecipitation (ColP) with Rrpdl-
specific antibodies from different sucroze
density gradient fractions. A) The scluble
exosome was purified from fraction 6. B) The
msoluble exosome was purified from frachon
12.FT, flow-through; W7, 1ast, seventh washing
fraction; E, elution fraction. The migration of
marker proteins 15 marked (in kDa). Underlined
proteins were 1dentified by mass spectrometry,
bands with known migration bhehaviour are
marked with the names of the respective
proteins. The hand corresponding to antibodies
1s marked with an asterisk. C) Phosphor images
of degradation assays with fraction 6 (lane 1},
depleted fraction 6 (the flow-through after three
rounds of mrmuneprecipitation of the exosome
with Rrp4l-specific antibodies (18); lane 2),
exosomes reconstituted by rmxing of equumolar
amounts of Rrp4l, Rrp4? and the RNA-binding
proteins Rrpd and Csl (lanes 3e6), the co-
mmunoprecipitated exosome from fraction 6
(lane 7}, the co-immunoprecipitated exosome
from fraction 12 (lane 8), and water (negative
control C, lane 9), as indicated above the panels.
The incubation time n minutes (min} 18 also
indicated. The 30-labelled 30-meric poly(A)
ENA and the degradation products are marked
on the right side. D) Western blot analysis ofthe
glution fractions are shown o A} and B). To
estimate the relative amounts of Csld and Rrpd,
the membranes were hybridized simmltaneously
with Czl4- and Rrpd-duected anbhbodies. The
detected protens aremarked on the nght side.

Imrmunoprecipitation step. The removal of the
exosome with Dna( specific antihodies led to a
strong decrease 1n the intensity of the Rrpdl
signal. The remammng exosome was punfied
with Rrpdl- specific antibodies. The SDS-
PAGE analysis of the elution fraction (Figure
3C)revealed bands with sirmlar migration when
compared to Figure 3A. The presence of Csld
and DnaG m the elution fraction shown m Figure
3C was confimed by mass spectrometry. The
hand of low mtensity above DnaG was 1dentified
as TIP49 protein, showmng that EF1-alpha was
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already removed together with the excsome
dummg the depletion with the DnaG-specific
antihodies. This result points to the possility
that the soluble exosome interacts with dhfferent
proteins. TIP4S was not detected as a minor
protein 1o the EF1-alpha contaiming gel slices
analyzed by mass spectrometry. This protein
was also not found m the comrespondmg gel
slices 1n a control expermment with the pre-
immune serum (not shown ).

A

anti-OnaG anti-Rrpd1
elution elution
kDa | -EF1-0 kDa L-TIP49
45 == —DnnaG 451 ["DnaG
w— 2 e — Rrpd 2
Rrpd1 L-Rrpd1
314 315
‘:er ' [~ Rrp4
214 W s 215 — Csl4
B Depletion with Depletion with
: anti-OnaG 5 anli-RrpM]
2 LY 1 iy A 1.
g0 & & & E
- Rrpd1

Figure 3: Co-immunoprecipitation (ColP) of
EFl-alpha with the scluble exosome using
DnaG-specific antibodies. The S100 fraction
was subjected to three rounds of ColP with
DnaG-specific antibodies (anti-DnaG).
Suhsequently, two rounds of ColP with
Rrpdl- specific antibodies (anti-Rrpdl) were
performed. A) Silver stained SDS-gels showing
the proteins, which were co-precipitated dunng
the first ColPround with anti-DnaG (anti-DnaG
glution). B} Western blot analysis of the flow-
through fractions (FT} after each ColP round.
The antibodies used for depletion by ColP are
marked ahove the panels. The FT fractions
(depleted S100) were separated on a 12% SDS-
PAGE and hybndized with anti-Rrp4l. The
detected Rrp41 1smarked on the nght side of the
panel. C) Silver stained SDS-gels showing the
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proteins, which were co-precipitated dunng the
first ColP round with anti-Rrpdl (anti-Rrpdl
elution}. For further description see Figure 2B.

Figure 3 shows that, 1t was not possible to
completely remove the Dna(G-containing
exosome from the 5100 faction after three
rounds of co-mmunoprecipitation with DnaG
specific antibodies. On the other hand, 1t
strongly suggests that the most o the exosomes
1n the seluble fraction are associated with Dnals,
since 1t was not possible to enrich exosomes
without DnaGG. Based on Figure 2 and 3, we
conclude that Dnats and Csl4 are mtegral parts
of the soluble exosome. Furthermore, the data
supports the mteraction hetween EF1 -alpha and
the exosome and suggests that Dnaly and EF1-
alpha are present together in the scluble
EX0SOIIE.

ERrp4 and Csl4 form heteromeric RNA-
binding capsinvive

Figure 2C suggests that exosomes with different
sedimentation behaviours have differences n
the composition of the ENA-mnding cap.
However, 1t was still not clear whether Rrpd and
Csl4 are present together in the exosome. The
ENA -binding cap of the exosome of A. fulgidus
can be composed of Rrpd, Csl4 or both Rrp4 and
Csld in vitro (7). However, the existence of
archacal exosomes with heteromenc RNA-
binding caps containing Rrpd and Csld, wasnot
shown i viwo so far To stody the in vivw
composition of the RNA-bmding cap, the
exosome was inmnunoprecipitated with Ripd-
specific antihodies or with Csld-specific
antihodies from 8. solfataricus cell-free extracts
and from 5100 fraction. The elution fractions
were tested for the presence of Csl4 and Rrpd,
respectively. To ensure detection of Csl4, 1.2 g

of cells (wet pellet) were lysed in 1 ml of buffer,
and the clanfied cell-free extract (supernatant
after centrifugation at 2500 g} or the
corresponding 5100 fraction was used for co-
immunoprecipitation. The immunoprecipitated
proteins were eluted in 40 ml, and the complete
glution fraction was loaded. Figure 4A and B
shows that Csld 15 communoprecipitated
together with the exosome when Ripd- specific
antihodies are used, and wice versa. The
1dentities of Csld and Rrpd were confirmed by
mass spectrometry. Thus, the archaeal exosome
contains heteromeric RNA-binding caps in vivo,
and such caps are present m the scluble
exosome. Since Rrpd and Csl4 confer different
substrate specificities to the exosome and may
also be responsible for the interaction with
different protemn partners, 1t 15 mteresting to
know whether different EN A -binding caps exist
in oo consishing of Rip4d only, Csl4 only, and
Erp4 and Csl4 1n different relative amounts. We
assumed that 1f heterogeneous RNA-binding
caps are present, they should be differently
enriched . mmunoprecipitation experunents
with Rrpd- or Csld-dumected antihodies. The
glution fractions shown 1n Figure 4A and B
suggest that sirmlar relabive amounts of Rip4d,
Erp4l and Rrp42? were 1solated with the two
different antibodies, but higher amounts of Csld
were 1sclated with the Csl4 - directed antibodies
than with the Rrpd-directed antihodies. Figure
4C confirms that different relabive amounts of
Rrp4 and Csl4 are immunoprecipitated from the
5100 fraction when the two different antibodies
are used. These results confirm that Rrpd and
Csld are parts of protemn complexes in vivo and
do not exist as monomers. From the results 1o
Figure 4 we conclude that exosomes with
heterogeneous ENA-binding caps are present in
the soluble fraction ofS. solfataricus.
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Figure 4: fn vivo analysis of the RNA-binding
cap of the 8 solfataricus exosome. A) and B)
show silver stained gels, C shows Westemn blot
analysis. A} Co-immunoprecipitation (ColP)
experments with anti-Rrpd and anti-Csld
antihodies from a clarified cell-free extract. B)
ColP with anti-Rrpd and ant1-Csl4d antibodies
from 5100 fractions. W1, first elution fraction.
For further descriptions see Figure 2C. Western
blot analysis of exosomes mmunoprecipitated
from 5100 frachons with anb-Rrpd and anti-
Csl4 antibodies (marked ahove the panels). To
estimate the relabive amounts of Csl4 and Rrpd
m the mmunoprecipitated complexes, the
membranes were hybndized simmltaneously
with Czl4- and Rrpd-duoected anhbodies. The
detected protens aremarked on the nght s1de.

Discussion

Our approach to punfy the archaeal exosome
using antibodies directed against different
subunits and using different protein fractions
was helpful to uncover the heterogeneity 1n the
composition of this protein complex m &
solfataricus. We found that the content of the
soluble exosome differs from the content of the
mscluble exosome which sediments 1o the
ruddle of sucrose density gradients together
with nbosomal subumts. Since the majonty of
the exosome co-sediments with membranes, the
complexes analyzed m this work represent a
minor part of the exosome of 8. solfataricus.
Nevertheless this mmor part should be of
functional mportance, since hoth the scluble
and the msoluble exosomes were active. The
functions of archaeal exosomes with different
sedimentation properties are still not explored,
but it can be speculated that the soluble exosome
18 mportant for the metabholism of mENAs and
tRMNAs present 1in the soluble fraction, while the
exosome which co-sedmments with rbosomal
subunits may be invelved m rERNA processing.
In this respect, the differences in the protein
composition of the soluble and the mscluble
exosomes may reflect the need to mteract with
different ENA substrates and different accessory
proteins. So far the archaeal nine-zubumit
exosomme was Intensely sdied in vitro, but litfle
18 known about 1ts interactions with other
proteins. Assoclation of the archaeal DnaG
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protein with the exosome was reported for
several archaeal species (18,27,28), but the
function of DpaG m this context remaims
unclear. Recently 1t was shown that DnaG
exhibits prnimase activity and 1t was proposed
that archaea harbour both an evkarya-like and a
bacteria-like primase. This rmght explain the
high conservation of DnaG 1n archaea, even in
species lackmg the exosome. Nevertheless,
DnaG seems to be of fundamental mportance
for the archaeal exosome. Our results show that
although 1t 15 present in lower amount 1n soluble
exosomes of 8. solfataricus than 1n exosomes of
higher sedimentation coetficient, the majority or
all soluble exosomes contain DnaG.
Accordingly to our data, DnaG 1z the major
interaction partner of the exosome with higher
sedimentation coefficient, while the scluble
exosome nteracts with additional proteins. The
copurification of EF1-alpha with the scluble
exosome m three biclogically independent
experiments, using two different sera (Rrpdl-
specific and DnaG-specific) and different
protein fractions (S100 or sucrose demsity
gradient fraction}, strongly suggests a functional
interaction between EF1-alpha and the protein
complex. The co-purification of TIP49 with the
residual soluble exosome after depletion with
DnaG-specific antibodies 1ndicates that the
soluble exosome may interact with different
minor protein partners. The specificity of the co-
purification of the exosome and TIP4Y remams
to be venfied. Interaction of the exosome with
other protems was reported for several archagal
species. The Dna(G-contaning exosone was
detected 1 a high molecular mass complex
with the tRNA-mtron endonuclease 1 M.
thermoautotrophicus {27). On the other hand,
1t was co-punfled with an TRNA hogenesis
factor (FAU-1 protein) and a protein with
unknown function (TKO790) in T, kodakarensis
{28). In another study, the actmity of the
Pyrococcus abyssi exosome was shown to be
affected i vitro by two RNA binding proteins,
PaSEDS and PaMip7, and 1t was shown that
PaMNip?7 associates with the exosome in the
ahsence of RNA. Our data strongly support the
interaction between the exosome and EF1-alpha
in 8. solfataricus. The archacal EF1-alpha is
nvelved 1n translational elongation and
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termmnation, and mRNA surveillance pathways,
suggesting that 1t may lmk the release of mMRNA
from the ribosome to its talling and/or
degradation by the exosome. The simultaneous
presence of Rrpd and Csl4 in the RNA-binding
cap of the archaeal exosome in vivo probably
ensures 1ts mteraction with different transcripts
and protein partners. Different Rrpd/Csld
stolchiometries m different fractions of the
exosome probably influence the functions of the
complex. It was shown for Archaeoglobus,
Pyrococcus and Sulfolobus, that Rrpd and Csld
differently influence the mteraction of the
exosome with RNA. Little 1z known, however,
ahout the iz vivo stowchiometry of these subumits
m the heterogeneons exosomal complexes and
ahout the specific function of these proteins and
ther individual domams. The comparison of
exosomes 18olated with anti-Erp4 and anti-Csl4
antihodies suggests that 1n both cazes, when
compared to the amounts of Rrpdl and Rrpd?
forming the catalytic hexamer, qute sumlar
amounts of Rrpd, but very different amounts of
Csld were 1solated (Figure4). Since the presence
of monomenc Csl4 was excluded, the high
amount of Csl4 1solated with the ant-Csl4
antihodies 1z probably a part of the co-
precipitated exosome. In such a case, however,
our results are not compatible with a trimenc
structure of the RNA-binding cap which 1s
composed of Rrpd only, Csl4 only or Rrpd and
Csld in different stoichiometnes. Such a trmmenc
structure 1mplies that enrichment of Csl4 by co-
mrmunoprecipitation should result m less Rrpd
m the elution fraction and vice versa. The results
shown m Figure 4 rather imply that a small
amount of the exosome with the wusual
Rrpd1/Rrp42/Rrpd stoichiometry but
containing an excess of Csl4d 1z ennched by co-
mmuncoprecipitation with Csld-specific
antibodies. The exosome which 1s
mmunoprecipitated with Rrpd-specific
antihodies seems to contain Rrpdl, Rripd2? and
Erp4 m simmlar amounts and Csld m very low
amounts, resembhng the reconstituted &
solfataricus exosome. The possibility that some
Csld aggregates, which do not interact with the
exosomme, were co-precipitated with the Csl4-
specific antibodies should be excluded, since
Csld-poor exosomes and Csldrich exosomes
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were also punfied with Rrp4l -antibodies (see
Figure 2). Thus, Csl4-rich exosomes and Csld-
poor exosormes exist in vivo and can be separated
1n sucrose density gradients. Based on this, it 15
tempting to speculate that individual domains in
the RNA-hinding cap of the exosome are
nvolved in the regulation ofthe dual function of
the exosome as an exonbonuclease and an RNA
tailing enzyme mn archaea.

Conclusions

In this study we showed the existence of RNA
exosomes with heterogeneous composition in
the archacon, S. solfataricus. The different
relative amounts of DnaG and Csl4 found m the
soluble and the insoluble exosomes suggest that
these proteins deterrmune the sedimentation
properties of the complex. We also found that
although present in lower amounts, DnaG 15 an
integral part of the scluble exosome, and that the
soluble exosome mteracts with EF1- alpha. The
presence of heteromenc, Erpd and Csld
containing, RNA binding caps i viwe, the
diftferent relative amounts of Rrpd and Csl4 in
srluble and 1nsoluble exosomes, and the
difterent effects of DKHErp4 onthe activities of
the hexamenc ring in vitro strongly suggest that
the RNA-binding cap 15 wnvolved m the
regulation of the functions of this RNA-
degrading and RN A-tailing protemn complex.
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Knowledge and attitudes related to Dementia among in ward patients aged more
than 50 years
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Background

Sn Lanka has a rap1dly aging population with ahigh prevalence of dementia. Elders are dependent on
an ntergenerational care system. Deficient knowledge about nature, caunses and avalabihty of
treatmentare barriers to mproved outcomes.

Aim
Gam an 1n-depth understanding on what cognitive imparment meant, 1ts wpact, coping strategies
arong a cohort of in hospatal patientz aged morethan 50 years

Methods
A serm structured questionnaire was used on 200 participants. Descriptive statistics were used to
analyse findings

Results

Males constituted 44%. Fifty-seven percent were in the 50-60 year age group. More than 40% had
recelved education vwp to Ordinary Level examination and 55% were from social class 3.
Approximately half acknowledged 'loss of recent memores' affecting old people. Only 39%
recognized this as an 1llness and not part of normal aging. Thus treatment was sought only when
symptoms were severe from western, ayurvedic and traditional practitioners. Mental health services
were used very late. Approxamately 60% felt that those with dementia exhibited disruptive behaviour.
Stigma led to 35% stating they will be ashamed to have someone m the household with dementia.
Ninety percent felt being mvolved 1n religions achivities improved the symptoms. Fifty percent felt
those with dementia should continue to live at home, whilst 35% wanted specific places for them.
Fifteen percent stated they had nowishto hve1fthey got dementia.

Conclusions

Elders did not recognize dementia as an 1llness requinng treatment. Mental health services were
underutilized due to general ignorance, stigma and prejudices. Awider awareness of dementiaand early
utihization of mental health services need to be promoted to meet the challenge of canng for an ever
mcreasing elderly population with dementia.
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A survey of breakfast practices, meal skipping and related factors among
adolescent school children in Galle Municipality area
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Introduction

Adolescence 15 a challenging perod of an mdividual's hife. The putntion and dietary habits of
adclescents are particularly mmportant not only for today's health but also to prevent future development
of non-communicahle diseases. Skipping meals 15 a common unhealthy dietary behaviour seen among
adolescents.

Aim
To assess the patterns of meal skipping, breakfast practices and associated factors among adolescent
school childrenin Galle Municipality area.

Method

A descriptive, cross-sectional study was conducted among 360 randomly selected adolescents from
grade 9-11, i schools of Galle Mumcipahty area. Data were collected using a self-admimnistered
guestionnaire to identify selected dietary habits and analyzed using SPSS statistical software package.

Results

Break fast was the most commonly skipped meal among adelescent school children inthe sample. Only
58.6% of the respondents reported having break fast daily, whereas 11.9% of them missed breakfast
daily and 29.5% had breakfast iregularly. Of those who had breakfast daily or wregularly, 22.7%
purchased it from school canteen, food/pastry shops or street vendors. Skipping breakfast was
significantly higher among female adolescents (23.2%) compared to males (16.4%, p<0.05). The
residential area (urban/ rural), residential place (home/ hostel/ boarding place) or mode of travelling to
school was not sigmificantly associated with missing break fast. In contrast, lonch and dinner patterns
were moreregular; only (.8% and 2.2% skipping these meals daily, respectively.

Conclusion
The adolescent school children i Galle Municipality area seem to have unhealthy breakfast practices,
which 1n torn wall affect their health and nutntional status. Promoeting healthy eating haits should be

givena prionty in school health programmes.

Keywords: breakfast practices, dietary hahits, adolescents, Galle.
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A comparison between Pyrogallol Red and Sulphosalicylic acid turbidimetric
methods for protein estimationin Cerebrospinal fluid

Gunaratna KAPTY, SiriwardhanaID’, DayanathBK’IPg

‘Medical Laboratory Sciences Degree Programme, Faculty of Medicine, University of Ruhuna,
Sri Lanka

‘Department of Pathology, Faculty of Medicine, University of Rubwna, Sri Lanka

"Teaching Hospital Karapitiya, Galle, Sri Lanka.

Introduction and Objectives

The estimation of protein in cerebrospinal flud (CSF) is important in certain disease conditions. The
sensitivity of the Biuret method which 15 the standard method for protein estimation 15 not sufficient to
be used for CSF specumens. This has lead to the development of various assay technigues for this
purpose. The laboratory of Teaching Hospital, Karapitiya employs two such methods; the Pyrogallol
red (PGR) methodinthe day laboratory and Sulphosalicylic acid turbidimetric method (SSA) in the on-
call laboratory. The aim of this study was to compare these two methods.

Methods
Lmeanty and reproduciblity were evaluate d using solutions withkmown albumin concentrations while
correlation was tested using retained CSF specimens.

Results

Linearity: The PGR method gave a linear response up to 200 mg/dL while the SSA method was linear
up to 300 mg/dL. Reproducibility: the inter-assay CVs at 40 mg/dL were 9.94% and 5.09% for the PGR
and SSA methods respectively. Reproducimlity was superior at 120 mg/dL for both methods with CVs
of 5.72% and 3.55% for PGR and 55A methods respectively. Comelation: Though a positive
correlation (1) of (.9077 (1"=0.824) was ohserved there was a significant difference between the values
ohtained using the two methods and this was confirmed vsing the sumple t-test (p <.0.0001). The
equationof [PGR]=0.435x [SSA]+(.693 was dertved through linear regression.

Conclusions

The signmificant difference ohserved between the results obtained using the two techmques dizcredits
the use of the two methods within the same lahoratory. Further studies needs tobe doneto determine the
hesttestmethodtobeused inrovtine practice.

Ruhuna Joumal of Medicine, July 2074, Vol 2 Mo ! 55



Absztracts

Epidemiological and clinical characteristics of dengue during epidemic and non-
epidemic periodsin southern Sri Lanka- lessonslearned from 2007 and 2012-2013
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‘Department of Medicine, University of Ruhuna, Galle, Sri Lanka,

‘Duke Global Health Institute, Durham, USA.

'Department of Microbiology, University of Rubuna, Galle, v Lanka,

‘Department of Pediatrics, University of Rubuna, Galle, Sri Lanka

"Teaching Hospital Karapitiva, Galle, Sri Lanka.

‘Community and Family Medicine, Duke University School of Medicine, Durham, USA.
"Emerging Infectious Diseases, Duke- National University of Singapore, Singapore.
*Medicine, Duke University School of Medicine, Durham, USA,

"Pathology University School of Medicine, Baltimore, USA.

Objectives
We evaluated epidemiological, climical characteristics of dengue, companng two smilar studies
performed at Teaching Hospital Karapitiva (THK) Galle during outbreak (2012-2013} and without

outhreak (2007).

Methods

Two cross-sectional studies have been conducted at THK from March - October 2007 and June 2012 -
February 2013. Adults and children with acute fever (tympanic >100.4°F, documented >102°F), with no
ohvious hacterial focus, have heen enrclled within 48 hours of admmssion. Data and bloed have been
collected at enrollment and 24 weeks later. Acute dengue was confirmed by paired I[gG and IghM
ELISA, PCR or viral 1sclation.

Results

In 2007 total of 1079 patients (61.2% male, medianage 30.7 years) and in 2012 2013 total 409 patients
(64.3% male, median age 25.2 years) have been enrolled. Acute dengue was confirmed in 54 (6.3%)
n2007and 188 (46.0%) n 2012-2013. Acute dengue had leukopenia (WBC <4.0x 10%/u], p<0.01) and
thrombocytopenia (platelets <100x 10°/u], p<0.01) than non-dengue in both studies. Total 3 (2007)
and 7 (20012-2013) patients met criteria for dengue hemorrhagic fever. In 2007, chimcal diagnosis
sensitivity, specificity and positive predictive value were 14.0%; (95% CIL11.6 - 16.4), 97.8% (95% (I
06.8 - 98.9) and 30.4% (95% CI27.2 -33.6) respectively. In 2012/201 3 the corresponding values were
64.4%; 95% CI57.1 - 71.2), 71.5%; 95% CI 65.1 - 77.4) and 65.8% (95% CI 58.4 - 72.6). Serotypes
DEN 2-41solated in 2007, changed to DEN-1 (94.6%), DEN-4 (5.4%)in 2012/2013. Sero- prevalence
increased from 50.9% (2007 )t0 83.7% 2 (2012/2013).

Conclusions

Dengue was a major cause of febrile hospital admissions dunng 2012-2013. DEN 1 cansed the 2012-
2013 epadernic. Sensitivity of climical diagnosis and positive predichive value sigmficantly mproved
during 20H2-2013.
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Evaluation of new, non-cyamide and simple method for blood haemoglobin
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‘Department of Patholo gy, Faculty of Medicine, University of Ruhuna, Svi Lanka,

Introduction

Haemoglomn estimation 15 an important test. The standard Haemoglobin (Hb) estimation method 1s
Cyanmethaemoglomn (HICN}) method. The Drabkin reagent used i HiCN method contains cyanide
compounds whichishazard ous for both environment and laboratory personnel.

Aim
To aszess accuracy of Hb estimation by using distilled water as the reagent compared to the HICN
method.

Materials and Method

Retamed 95 EDTA blood samples recerved at the Haematology laboratory, Teaching Hospital,
Karapitiya were included o this study. The Hb value of each sample was estimated by standard HiICN
method and using the new method (performed by using distilled water as the reagent). In Drabkin
method 10 20 rmnutes are needed to develop stable Hb pigment for the estimation thus readings are
taken at 20 rmnutes. Usmg new method, Hb concentration of all the samples were estunated
mnmediately and after 20 minutes. Comelation studies and paired t test were taken to statistical analy ss.

Result
A good comrelation was observed between the cyanmethaemoglobin method and the new methed.
Paired t test values of immediate absorbance and abzsorbance at 20 rmnutes of the new methed showed

no significant difference from values obhtained by standard Cyanmethasmoglobin method (immediate
absorbance - P=0.819, Absorbance at 20 minutes - P=0.941}).

Discussionand Conclusion

This study shows statizhical agreement of results generated by new method against the standard. The
new method doesn't require any reagent or toxic chemicals. However appropriate test vahdation stady
1zneeded to venfy the applicability of new method for routine testing before 1t1s recornmended.
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