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The research project conducted by Dr. Ruwani Hewawasam, Senior Lecturer in Biochemistry, for her MPhil thesis secured the first ever
“Patent™ to the Faculty of Medicine, University of Ruhuna. The patent titled “Aqueous plant extracts used in hepatoprotective and
antioxidative activities” awarded to Dr. Ruwani Hewawasam, Prof. Kamani Jayatilaka and Prof. Chitra Pathirana by the National
Intellectual Property office of Sri Lanka in July 2013 covered five plant extracts used for the study. Asteracantha longifolia commonly
known as “Neeramulli” is one of the five plants they had investigated. The team of researchers has shown that the aqueous plant extract
possesses hepatoprotective and antioxidative activity against carbon tetrachloride and par ] induced hepatocellular d in
mice'?, Further, they have confirmed that the prophylactic consumption of the plant extract has more protective effect than the
therapeutic consumption. Study continues in order to elucidate the clinical effectiveness and the mechanism of action of the most
effective plant extracts identified in the study. Asteracantha longifolia is a delicacy in villages as a curry/sambol and is commonly used
in ayurvedic medicine in Sri Lanka in the treatment of liver diseases, as a diuretic and an aphrodisiac.
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Foreword

It is with great honor that I send this message to the Faculty of Medicine Academic Sessions
(FMAS), University of Ruhuna. On behalf of the organizing committee it is a great pleasure to
welcome you to the fourth FMAS.

FMAS was formed in year 2013 with a sense of gaining international recognition and uplift the
research environment in the Faculty. In designing this year programme, the aim was broaden to
integrate biomedical research with clinical care. Hence, the theme of this year is “Biomedical
research and improved clinical care”.

I extend my sincere appreciation to three world renowned expert panel for sharing their expertise
with us in the Toxicology symposium. Finally, I thank presenters, all those who sent abstracts of
their scientific work, reviewers, members of the FMAS committee and all those who contributed
for the success of this event.

I wish you enjoy the scientific programme.

Dr. S.S. Jayasinghe

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, Chairperson and the
members of the organizing committee for organizing Faculty of Medicine Academic Sessions for the
4" consecutive year. Therefore I send this message with great pleasure for the proceedings of the
FMAS - 2016. 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. I suppose that the proceedings of the FMAS — 2016 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
Vice Chancellor,
University of Ruhuna
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Message from the Dean

I am most happy to send his brief message and best wishes to the 2016 Annual Academic Sessions of
the Faculty of Medicine. This event started in 2013 is the major academic event organized by the
Faculty.

We have seen an increase of research publications from the Faculty members during the

recent past. A simple search in the PubMed using the phrase “Faculty of Medicine, Ruhuna” yielded
22 publications in the year 2015 and this contrasts with 9 publications in the year 2014. I may have
missed some publications as the search was not 100% sensitive.

Faculty of Medicine, University of Ruhuna is committed to research and many academics are
involved in research in selected areas. It is important for a researcher to remain focused in the
selected field of research in order to make advances and also to gain recognition among academia.

This year organizers have made few changes to the programme to make it more effective. I take this
opportunity to thank the Chairperson and the committee for the commitment and dedication shown to
make this year academic sessions a success. Finally, I wish all the success for this year Academic
sessions and hope that participants will find it academically rich and informative.

Professor Sarath Lekamwasam
Dean,
Faculty of Medicine



A randomized controlled trial of rectal analgesia with diclofenac sodium for

relief of perineal pain following child birth

Dasanayvake DLW
Department of Obstetrics & Gymaecology, Faculty of Medicine, University of Rulhuna, Galle, Sri Lanka.

ABSTRACT

To evaluate rectal diclofenac sodium in the relief of perineal  pain afler trauma during childbirth a
randomized, dowble blind trial was conducted. Women with an episiotomy or lesser or equal perineal tears
to second degree including vestibular tears, which required suturing of the Obstetric Department { Ward
211, Professorial Unit. Colombo South Teaching Hospital, Kalubowila were enrolled.

Women were randomiy allocated to cither diclofenac sodium or  placebo suppositories (Anwsol ) , using
a random — number table. Treatment packs contained two, diclofenac sodium 100 mg and diclofenac
sodium 50 mg suppositories or two placebo suppositories, The first {diclofensc sodium 1 00mg or
placebo) was inserted when swturing was completed |, and the second (50 mg diclofenac sodivm or
placebo) 12 hours after birth. Women were asked to indicate their degree of perincal pain with
different activitics (resting’ walking/ sitting and squatting) 24 hours after birth . wsing visual analogue
scale Main outcome measure was overall pain score at 24 hours  after birth.

A total of 160 women were recruited, with 84 randomized to diclofenac sodium suppositories and
85 o placebo. Women in the diclofenac sodium group were significantly less likely lo experience
pain within 24 hours of delivery (percentage of mean pain score reduction , 45% , P < 01 ) with
different activities compared placebo.

The use of rectal diclofenac sodium is a simple and effective method of reducing the pain expericnced

by women following perincal trauma within the first 24 hours after childbinh .



This study was dene in Colombo South Teaching Hospital as a partial requirement for MD in Obstetrics
& Gynaecelogy in March 2008, Rexults were included in a thesis with one published paper in Sri Lanka
Jowrnal af Obstetricians and Gywmaecologists. Abstract presentation was dane in anneal scientiffic session
of Sri Lanka College of Obstetricians & Gyvnaecologists.

Corresponding author: Dasanayake DLW

lanka.dasaravake G@vahos.com

Introduction

Perineal damage can cause significant maternal morbidity both immediate and long term. Morbidity
associated with child birth may affect a woman's physical, psychological and social wellbeing. A vast
majority of morbidity associated with perineal trouma is under reported [1]. Perineal discomfort may
disrupt breast feeding. family life and sexual relationship [2]. Majority of mothers expericnce perineal
pain and discomfort for 10to 12 days following childbirth, which is more severe in the immediate
postnatal period and some of them will continue to have long term pain for 3 1o 8 months following
delivery [1.3]. Other long term morbidities associated with perineal trauma is superficial dispareunia, fecal
incontinence and some degree of urinary  incontinence |3, 4,5]. Trauma to perineum is very painful and
distressing to mothers and it has been associated with restricted mobilization, acute urinary retention,
constipation, disturbance in breastfeeding etc.

Vast majority of perineal trauma is due to intentionally made episiotomy to facilitate vaginal delivery.
Episiotomy rates vary considerably in various countries according to individual practices and policies of
staff and institutions. Overall rates of episiotomy in different countries mnge from 8% to 90% [6, 7]. In Sn
Lanka almost all primipara and most of the multipara experience episiotomy in hospital practice.
Postpartum pain relief is one of the ignored aspects following childbirth due to under estimation. As
almest all mothers experience perineal pain in differing severity following child birth, the provision of

safe and effective pain relief in modern healthcare practice is an essential component in obstetrics as



mothers do not accept perineal pain fodlowing childbirth. Currently in Sri Lanka, there is no routine
practice of perincal pain relief protocol, following child birth.

The provision of pain relicf for perineal trauma has several therapies in clinical practice, which include
rectal analgesics, oral analgesics, local anaesthetics, parenteral analgesics. therapeutic ulirasound and non
pharmacological applications such as buths and ice packs [8]. Simple oral analgesics such as paracetamol
and paracetamol + Codeine can be used as pain relief for mild pain [9]. But efficacy is poor for moderate
to severe pain following more extensive trauma such as 3™ and 4™ degree perineal tears. Simple analgesics
have a place when combined with other pharmacological agents for additive effect [ 10]. Non-Steroidal-
Anti-Inflammatory-Drugs (NS AID's) are important analgesics for mild to moderate pain especially
associated with physical trauma 1o tissue with acute inflammation [11]. A wide range of drugs are
available with various efficacies administered in different rowtes; local/oral/rectaliparenteral. Local
infiltration of anesthelic agents such as liznocaine has a limited place for perineal pain relief due (o its
short lasting activity. Parenteral agents such as morphine and pethidine are associated with unwanted side
cffects e.g. drowsiness, respiratory depression, difficulty in breastfeeding etc. Therefore, these agents are
not used for routine perineal pain relief.

In general. medical care, the rectal route of analgesics administration has been favoured with good
compliance when oral preparations cause gastric irritation, nauses and vomiting [12]. As the rectal
mucosa have a rich vascular, and bymph supply. absorplion of drugs is fast and analgesic effect occurs in a
shorter period than oral route. Compared to oral administration of drugs. first pass metabolism is avoided
in rectal administration [11].

Rectal diclofenac sodium is an effective, cheap, widely available and safe analgesic agent for pain relict.
Studics assessing the efficacy of rectal analgesics in post-operative pain relicf have indicated significant
reduction of pain experienced [12]. and reduced requirement of additional analgesia [13,14]. although
evidence of efficacy and safety of rectal analgesics in perineal pain relief is lacking [15]). Aim of this study

was to evaluate rectal diclofenac sodium in relief of perineal pain after trauma during childbirth.



Ohjective
To evaluate rectal diclofenac sodium in the relicf of perineal pain following trauma within first 24 hours

after childbirth.

Material and Methods

A randomized. double blind controlled trial was carried out in the Obstetrics department. Professorial
Unit, Colombo South Teaching Hospital (CSTH), Kalubowila. from 1™ of October 2005 to 1™ of February
2006, Ethical approval was obtained from Ethics and Research Commiltee of CSTH.

The minimum sample size calculation was based on previous rescarch carried out by Corkhill ef al. (2001
[ 1&]. which showed a mean pain score of 43.5 (S 21.8) using 101 -point numerical rating scale for
perineal pain, with rectal analgesia, 1o detect a clinically siznificant reduction in pain score from 43.5 o
32.6in visual analopue scale). It was necessary (o recruil 168 subjects to trial (5% level of significance
with 90% power).

Study information was provided 1o potentially eligible women with the period of gestation greater than 37
weeks admitted to the unit for vaginal delivery after obtaining their informed consent. Eligible women
weere randomly allocated following delivery to either diclofenac sodium group or placebo suppository
group using random number table. The randomisation schedules were prepared by a rescarcher not
involved in patient care using random number tables. Perineal repair or episiotomy suturing were done by
senior registrar or registrar or house officer using polyglyeolic acid (vicryl) by subcuticular swturing
technigue. Treatment pack contained 100mg and 50mg diclofensc sodium, and placebo | Anusol
suppositories, which was having least analgesic action in the perineum), 1% diclofenac sodium 100 mg
suppository or placebo was inserted by midwific when suturing was completed and the second (50 mg
diclofenac sodium or placebo) 12 hours afier birth. The women involved in the study were blinded to the
allocated weatment groups. Data collection sheets were completed prior to discharge from the hospital at

24 hours after birth by recall, pain score (using ten-centimetre visual analogue scale) associated with



resting, walking, sitting, and squatting. The patients who complained more pain were prescribed other
analgesics (Paracetamol ). Ethical approval was obtained from the rescarch and ethical commitice of the
Colombo South Teaching Hospital. Informed consent has taken from all the participants. Those who did
not consented were given due medical care without any discrimination.

Dhata were entered into a data collection sheet in the ward and confidentially stored in an ongoing
electronic database. Statistical test of significance was done to analyze the result with the help of a
standard statistical package. SPSS 2006, Outcome anulysis was done by intention 1o treat with the use of

parametric test (1 test) and chi-square test.

Trial Nowchart - =y
Women interviewed

n=235

l

Women consented

n= 201
. £
o l "y

Women eligible

n=169

. l y
Diclofenac-suppository Placebo-suppository
n=84 n= 85

Dring this study period, a total of 532 women gave vaginal birth at the professorial obstetric unit,
Colombo South Teaching Hospital (CSTH) and sustained perineal trauma requiring suturing during child
birth. A total of 235 potentially eligible women were approached in the antenatal period for participation
in the trial. and 201 (85%) women provided provisional informed consent, of those women 169 became
eligible after birth. All 169 women were included in the analysis: with 84 randomized to receive

diclofenac sodium suppositories and 85 women received the placebo. The two groups were well balanced



for demographic characteristics at the trial entry and labour and birth outcomes as well as perineal repair

technigue. Stwudy outcome data were available from 98% of women at 24 hours.

Tahle 1: Basic characteristics of subjects

Variables Diclofenac Group (n=84} Placebo Group in=£5)
Apc 282 ( yrs) 27.9( yrs)
Gestational age 30w+ Od I8wks+2d
Pority 1 35 33
Parity > 1 49 52
Birth Weight 28likg) 294 kg)
Induction 3l 43
Augmentation 53 42
Dration of labour 4 hrs & 50 min 4 hrs&53 min
MOD ;
Spontancous vaginal delivery 72 74
Instrumental Delivery 12 11
Table 2: Mean rating of pain intensity with different activitics

Treatment Group ; Mean (50
Variables (Pain Rating ) Diclofenac Placcho P Value
Sitting 2.5(1.3) 50 (2.1) <0001
Walking 2.5(1.1) 4.5 (1.5) <0001
Resting L7 {09 J6il.3) <0001
Squatling 26(1.2) 4.6(14) <0001
Orverall 2. 1{1.0) 4000 1.2} <1001




Table 3: Occumrence of significant side effects (Nausea, vomiting, gastric irrilation, sensitivity]

Side Effects Placebo Diclofenac Total
Present 11{12.9 %) 14 {16.7 %) 25 (14.8%)
Mot Present T4(87.1 ") T (83.3 %) 144 (B5.2 %)
Total BS B4 160

X 0,490

Table 4: Mothers® satisfaction of treatment

More Satisfied Nol Satisfies Total
satisfied
Placebo 10 (11.5 %) 21 (22.1 %) 54 (6bH.4%) B (100 %)
Drrug 51 (63.2 %) 24 (2601 %a) 94{10.7%) 4 (100 %)
Total il 45 63 16

X0

Table 2. shows mean rating of pain intensity with different activities and there is a statistically significant
difference in less pain experienced by diclofenac suppository group compared 1o placebo group.
According to table 3, there is no statistically significant difference in occumence of side cffects in
treatment group comparing to placebo group.

Table 4 demonstrates maternal satisfaction was more with diclofenac suppository comparing to placebo.

Discussion

It clearly showed from this study. use of diclofenec sodium suppository was effective safe and well
accepted by mothers for perineal pain relicf following childbirth,

The women who were prescribed diclofenac suppositories were more comfortable and experienced less

pain, They required less sdditional analpesia thun placebo proup. While current study did not detect the



occurrence of any serious side effects associated with diclofensc administration, but still care should be
maintained in prescribing this medication.

In determining the acceptability of rectal analgesic suppositories, Caroldl ef al., interviewed 400 surgical
patients, who were asked to choose between and intramuscular route of pain relief and rectal suppositories
[17]. Given a choice, 18% of patienis choose rectal suppositories as an scceptable method of pain relief.
This current study assessed women's satisfaction of rectal route for the postnatal analgesics
administration. Women who received diclofenac suppositories in our studies were more satisfied with pain
relief, and overall women who took part in the study had a high degree of acceptance for the rectal route
of administration of analgesia.

The half life of diclofensc sodium in plasma is one bo two hours after oral administration. After rectal
administration, absorption is complete in less than 40 minutes. While the half life is longer after rectal
administration, the total area under the curve is similar for both preparations. Diclofenac sodium is almost
completely protein bound, and as a result minimum amount of the drug is excreted inthe breast milk — an
important consideration for women who are breastfecding. While rectal suppositorics may be effective in
reducing pain experienced after childbirth, drug effectiveness becomes o secondary consideration, if
women express reluctance o the rectal route of administration. There appears to be clear advantages in
using diclofenac sodivm suppositories to provide short team pain relief for perineal pain after childbirth.
The strengths of our study include use of rendomised blind design. several measurements of pain
insensitivity of different sctivitics and assessment of safely of NSAIDS in breast feeding mothers. The
study was limited by its small sample size due to restricted duration of research.

Conclusion

The use of rectal diclofenae sodium is effective, safe and satisfactory method of analgesic for the relieving

pain expericnced by women following perineal trauma within the first 24 hours afier childbinh.



Acknowledgements
I sincerely pay my gratitude to Dr. Rukshan Fernandopulle who directed me to make this endeavour
successful and wish to thank Dr. Ananda Wijesiri { Department of Community Medicine, University of

Ruhuna) for his invaluable help in data Management and statistical analvsis.

References

01 Glazener CMA, Abdalla M. Stroud P, f al. Postnatal maternal morbidity: extend. courses,
prevention and reatment. British jourmnal of Obstetrics and Gyraecology 1995; 102: 286-287.

02 Sleep ). Perineal care: a series of 5 randomized control trials, In: Robinson S, Thomson A,

Editors. Midwives Research and Child-birth. London: Chapman and Holl 1991: 199-251.

03, Sleep 1, Grant 1, Garcia I, et al. West Berkshire perincal management trial. British medical
Jowrnal {Clinical research ed. ) 1984; 289: 587-590.

4.  Slecp ). Gramt A, Pelvic floor exercise in postnatal care. Midwifery 1987: 3(4): 158-164.

05,  Sulian AH, Kamm MA, Hudson CN. Anal sphincter disruption during vaginal delivery. The New
England journal of medicine 1993; 329 1905 -1911.

06,  Renfrew MJ, Hanneh W, Albers L, Flovd E. Practices that minimize trauma to the genital track in
the child birth: a systematic review of the literature. Birth 1998; 28: 143 - 160

07.  Awdit Commission. First class delivery; Improving maternity services in England and wales.
London: Auwdit Commission Publication 19497

04, Grant A, Sleep J. Relief of Perineal Pain and discomfort afier child birth. Chalmers I, Enkim M,
Keirse MINC editors Effective Care in Pregnancy and Childbirth, Oxford university Press 1989;
1347-1358.

09 Bennet PN, Brown MJ, Minaur M), Inflammation, arthritis and NSAIDS. Clinical  Pharmacology

2003; 15(19): 279-198.



13.

Bennet PN, Brown MJ, Grewa 1. Pain and analgesics. Clinical Pharmacology 2003; 17(19): 319-
325

Bennet PN, Brown M. General pharmacology. Clinical Pharmacology 2003; 7(19): 104-109.

NMissen I, Jensen KA, Indomethacin in management of postoperative pain. British Journal of
Anagesthesia 1992; 69 3): 304-306,

Sims C, Johnson CM, Bergesio R, Delfos 5, Avraamides EA.. Rectal Indomethacin for
analgesics after appendectomy in children. Amaestheria and intensive care1994; 233 72-275.
Scott RM. Jennings PN. Rectal analgesin afler Abdominal Hysterectomy. The Australian & New
Zealand journal of Obstetrics & Gyraecology 1997; 37(1): 112-114.

Hedayati H, Parsons J. Crowther CA. Rectal analgesia for pain from perineal trauma fol lowing
child birth. The Cochrane database of systematic reviews felectronic resource [ 2003 (3c

CDO039%]

Corkhill A, Lavencler T, Walkinshaw SA_ Alfreviz Z. Reducing postnatal pain from Perineal tears
by wsing lignocaine gel: A double blind randomize trial. Birth 2001; 28(1): 22- 27
Carroll, M.. Day, F., Hennessy, A ct al. Irish Jowmal of Medical Science 1996; 165: 286,

doiz 10, 10T/ BFOZ943092.



Vitamin D therapy on diabetic nephropathy

Livanage PLGC

Department of Pharmacology, Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka.

ABSTRACT

Dviabetic nephropathy (DN} is the leading cause of end stage renal discase and despite optimum therapy
including ACELARBs, a sizable proportion of patients with proteinuria progress to renal failure. Itis
likely that high renin level induced by RAS (Renin Angiotensin System} blockage mav contribute to this
and vitamin [¥ is found to have an inhibitory effect over RAS as it reduces renin synthesis. This study was
conducted to examine the effects of vitamin D therapy on renal functions of patients with DN,

The aims of the study were to determine the prevalence and associated factors of DN among adult
diabetics attending medical clinics in Teaching Hospital, Galle (THG) and to determine the effect of
vitamin D therapy on DN, cardiovascular morbidity and bone mineral density (BMD). Phase 1: Cross-
sectional study involving patients with diabetes attending medical clinics in the THG. Their serum
creatinine and urinary albumin {UA) levels were checked. Phase 20 A double-blind. randomized. placebo
controlled study 10 determine the therapewtic efficacy of vitamin D). Patients with DN (UA =30 mg/g of
creatinine ) whose estimated glomerular filiration rate(eGFR) was more than 30 ml_/min were selected and
their plasma renin, Parathyroid hormone (PTH ), serum vitamin D, serum calcium, serum creatinine,
fasting blood sugar (FRS), lipid profile, ECG and bone mineral density { BMD) were done as bascline
measurements. Subjects were randomized into two groups and trestment group was given vitamin D,
S0000 IU ¢0.25ml) intramuscularly (1M} monthly for & months. The control group received same volume
of distilled water IM. The investizations were repeated after 6 months of therapy. BMD was measured ol
12months in a randomly selected subgroup of patients. The mean (SD) age was 61 (11) years and 75 % of
them were females. Among them 66% had albuminuria {microalbuminuria-60.9%; macroalbuminoria-

5.1"%). The risk factors for albuminuria were poor glycaemic control and duration of the discase.



Prevalence of low cGFR was 42 9% (n=174); and it was associated with age and smoking. Retinopathy
and neuropathy were associated with albuminuria but not with low eGFR.

Of 155 paticnts invited, 85 were randomly assigned to two groups after exclusions and 82 completed the
study. After six months, mean reduction of urinary albumin to creatinine ratio in the trestment and control
group were 51.8 mgfz (P=0.06) and 22 4 mg'g (P<0.001 ), respectively (between group difference
P=0.001). Significant increase in the eGFR was observed in the treatment group while eGFR remained
unchanged in the control group (P=0L0K6 for the between-groups difference). Mean reduction in plasma
renin in the treatment group and control group were 5.85 pg/ml (P < (0L001) and 0.95 pg/ml (NS},
respectively. After vitamin D) treatment. total body BMD, total body BMC (bone mineral content) and
BMDs of tofal spine, femoral neck and total hip regions increased by 2.0%. 2 2%, and 1.8%, 2.1% and
2.6% (P=01.05 for all), respectively in the treatment group. In the same group after 6 months of stopping
treatment, marginal but a statistically significant reduction of total BMD and BMC was observed
{P=0.009) while all regional BMDs remained unchanged. In the control group. none of the BMIVEMC
measurements changed significantly during trial and post-trial period. No significant effect was observed
in cardiovascular risk scores. In conclusion, vitamin [} has beneficial effects on patients with disbetic

nephropathy.

This study was performed in University of Rulnna, Sri Lanka and the resulls were included in a thesis
with two published pupers for a PhD degree with the University of Ruluna, Sri Lanka and defended the
thesiz am 19" of Febraary 2015,

Corresponding anuthor: PLGC Livanage <gavanicl@yafoo.com>



Introduction

Sri Lanka, being a developing country with a population of 20.7 million, is expericncing an epidemic of
diabetes mellitus [ 1]. The burden of dinbetic nephropathy should be taken imo consideration both in
estimating health care cost and in planning health care services in the country.

Althoogh Sri Lanka has a high prevalence of diabetes, prevalence of nephropathy and factors that are
associated with nephropathy are not well known. Methodological differences such as definition of
nephropathy and characteristics of study subjects have lead to a wide variation in estimations. Prevalence
of nephropathy among patients with dinbetes in Sri Lanka varies from 20% (o 33% [2. 3]. Most of these
studies have been conducted in disbetes clinics in Colombo and defining diabetic nephropathy in some
analyses is somewhat doubtful. Many studies have used single spot urine sumple to detect
microalbminuria and also differemt cut-off values such as 50 mg/L and 20 prdL]2, 3, 4].
Microalbuminuria is defined as excretion of 30 - 300 mg of albumin in 24 hr urine collections, 20-200
pg/min in timed wrine collection, or 30 - 300 mg/g of creatinine in spot urine collections. on two of three
urine collections [5]. Previous studies conducted in Sri Lunka did not follow this standard definition in
determining microalbuminuria. Hence phase 1 of this study was carried out to determine the prevalence of
nephropathy among patients with disbetes according to the standard methods of defining nephropathy in
patients with diabetes in Teaching Hospital Galle (THG).

DHabetic nephropathy is the commonest cause of end stage renal disease worldwide [6, 7). The curremt
management strategics of this condition target the Renin Angiotensin Aldesteron System (RAAS) as
derangements in the RAAS are suspected to play a critical role in the actiology or progression of diabetic
nephropathy |2, 9. Inhibitors of RAAS namely Angiotensin Converting Enzyme Inhibitors { ACEL and
Angiotensin Receptor Blockers { ARB) are included in the standard treatment for reducing proteinuria.
Diespite the optimum use of these agenis, renal disease in some tends 1o progress and this has been

attributed to the residual profeinuria not reversed by the above agenis [ 10, 11].



Current data on the mole of vilamin D reducing the progression of renal damage in dizbetic renal disease
are limited and come from either animal studics or few human studies [12]. Studies which explored the
effect of vitamin I on animal models of kidney disecase have reporied the beneficial effects of such
therapy. Li et al. demonstrated that 1, 25 dihydroxy vitamin D3 (1, 25(0H) D), the active form of
vitamin D, has an inhibitory effect over RAAS as it reduces renin synthesis. the first and the rate limiting
step in the RAAS [13]. In normal mice, vitamin I} deficiency stimulated renin expression whereas the
treatment with vitamin [ reduced the synthesis of rennin [13] . Further, Zhongyi ef al. reported that the
combined treatment with losartan and vitamin I analogue completely climinate the albuminuria of
diabetic mice [14].

Randomized control trials examining the cffect of vitamin D on the progression of protcinuria are
limited[ 15].[ 16]. Further, these studies are not sufficiently powered to generate conclusive results. There is
a paucity of sufficiently powered ndomized controlled trials examining the different reno-protective
effects of vitamin D) among patients with diabetic nephropathy.

Further, Vitamin D supplementastion is an emerging potential approach to reduce burden of CVD
{coronary vascular discase) in diabetic nephropathy through its favourable effects on insulin resistance and
the cardiovascular risk profile. Most of the previous studics on vitumin D and CVD have used
conventional doses of vitamin [¥ and not conducted as placebo controlled trials'™ ™. Since the pleotropic
effects of vitamin I are reported with higher doses. such doses should be used 1o determine the effects of
vitamin I} on cardiovascular risk factor profile in patienis with cary stages of diabetic nephropathy.
Dhabetes which is associated with many chronic, metabolic abnormalities could adversely affect the bone
strength. Both type | and type 2 diabetes are associated with an increased risk of fragility fractures and
osteoporosis [17): [18). Vitamin D has a well-established role in bone health. No siudies have examined
the effect of vitamin D on BMDYBMC among patients with early diabetic nephropathy. Osteoporosis and

diabetes are prevalent diseases in Sri Lanka and the number of patients with this disease combination can



be expecied 1o increase in the future [ 19]. Therefore, it is important to examine the effects of vitamin D
treatment on BMD in paticnts with diabetes with mild renal insufficiency.

Hence phase 2 of this study was done to evaluate the effect of vitamin D therapy in reversing the
progression of diabetic nephropathy and also the effect on plasma renin, CVD risk profile, BMD and

BMC measurements.

Materials and methods

Phase 1

Cross-sectional study incleded mndomly selected paticnts with diabetes attending medical clinics at
Teaching Hospital Galle. Diagnosis of microalbuminiria or overd nephropathy was made if urinary
albumin excretion was between 30 — 204 mg/g of creatinine and =300 mg'g of creatinine. respectively.
We repeated the urine test in positive cases at an interval of two weeks and if the second sample was
found negative a third sample was also tested. They were labelled positive only when two samples gave
positive results. Ongoing urinary tract infection was excluded by urine strip method in subjects with
albuminuria. Demographic data, and presence of other macrovascular and microvascular changes were
also noted in all patients. An estimated GFR {eGFR ) <60 mL/min was taken as the cut-off for defining
low-eGFR.

Phase 2

Patients with carly diabetic nephropathy (urinary albumin >30mg/g of creatinine and oGFR more than 30
mL/miny were recruited from phase | of the study. Other causes of albuminuria were excluded before
urine analysis for microalbuminuria and repeated measurements were done to confirm the findings. Those
with uncontrolled blood pressure (= 130/80 mmHg over the last two clinic visits). hyperphosphataemia
{Serum phosphate = Smg/dL ), hypercalcsemia {Serum total Ca=10 mg/dL), uncontrolled blood sugar
{HbAlc=8%) chronic liver disease, hyperthyroidism, hyperparathyroidism, decompensated heart failure or

diseases related to calcium or vitamin D metabolism were excluded. Other couses of proteinuria such as



current urinary tract infection, uralithiasis. and renal tuberculosis were excluded by history, examination
and relevant investigations.,

Study design

Patients were allocated to two groups by Block randomization method (block of 2) using a random
number table. Concealed envelopes containing treatment allocation were given to research assistants who
assigned participants to treatment and control growps. Treatment group received monthly dose of 50,000
I of vitamin D3 intramuscolarly and the control group was given an equal volume of distilled water
{0.25 mL) to the same site in a similar manner. Participants, those sdministering the interventions,
climicians. and those assessing the outcomes were blinded to the group assignment.

Study Procedures

Putients underwent a detailed medical history, a physical examination including systolic and diastolic
blood pressure (SBP and DEP) measurement. Blood and urine were collected for the baseline
measurements which included serum creatinine, serum calcium., urine microalbumin, fasting glucose
{FBS), serum calcium, phosphate, creatinine, Parathyroid Hormone (PTH), renin and vitamin D level and
lipids namely total cholesterol (TC), low density lipoprotein { LD}, triglveerides (TG), and high density
lipoprotein (HDL).

A safety visit was scheduled one week after starting the trial to monitor calcium and phosphorus
concentrations and to elicit any adverse events. The protocol specified withdrawal from the trial if serum
calcium exceeded 11 mg/idL.

All patients underwent whole body dual-energy X-ray absorptiometry ( DXAJ scan and BMD and BMC of
the total body, total spine (L-L.) and proximal femur were measured. All scans were performed and
analysed by the same technician adhening to the manufacturer’s protocol. DX A machine was calibrated
using the calibration phantom provided by the manu facturer. The precision error of the machine has been

published previouwsly [20]. There were no software or hardware changes during the study period.



Afiter six months of reatment all the measurements done at the baseline including DXA were repeated.
When the trial period of six months was over, a randomly sclected subgroup of patients (25 from cach
group) was followed up for further six months and another DX A testing was performed.

Biochemical assays wene performed using commercial kits. Intact PTH (Immunotech, IRMA PTH). renin
{Beckman coulter. IRMA Active Renin) by radicimmunoassay and 25-hydroxy vitamin D were measured
using immunochemiluminometric (Vitros immunodiagnostic) assays. Serum creatinine was measured by
spectrophotometric method with an alkaline-pictrate solution

Ethicul aspect

Ethical clearance was obtained from the Ethics Review Commitice of the Faculty of Medicine. University
of Ruhuna, Galle, Sri Lanka. Clinical trial has been registered in the local clinical wial registry. Informed

wrilten consent was obtained from all subjects and the study.

Statistical analysis

The baseline characteristics between the two groups were compared by cither unpaired t-test or Chi-square
test. Changes in urinary albamin, renal functions, vitamin D, renin, PTH, BMIVBMC during the trial
period were analysed by the Repeated measure ANOWA (SPSS, Chicago, USA). P value was adjusted for

multiple comparisons by the Bonferroni method.

Resulis

Phase 1

The mean {SD) age of the total study sample (n=480) was 61 (11} vears and 75 % of them (n=360) were
females. OF the diabetic subjects studied, 286 (60.9%) had microalbuminuria snd 24 {5.1%) had
macroalbuminuria. Since the number of patients with macroalbuminuria was small we considered both
micro and macroalbuminuic patients together in the rest of the analyses. Hence the prevalence of diabetic

nephropathy defined according to albuminuria was 66%.



Paticnis with albuminuria had a longer duration of diabetes when compared with normoalbuminuric
patients { P=0.05). Systolic blood pressure, age and poor glycaemic control were significantly higher
among paticnts with albuminuria when compared with normoalbuminuric patients (P < 0.05). Smoking,
BMI (body mass index ), DBP and gender and WHR (waist hip ratioy, were not significantly different
between patients with albuminuria and normoalbuminuria.

Regression analysis revealed that glycaemic control and duration of diabetes were significant associdtions
of albuminuria in patients with diabetes. Although there were many variables associated with albuminuria,
the regression model retained only poor glycacmic control and discase duration as significant associations
of albuminuria.

When, nephropathy was defined based on the ¢GFR regardless of albuminuria, according to the regression
analysis. smoking and age were the significant determinants of low eGFR.

One hundred and seventy four (42 .9%) patients had low eGFR and 43

{43/174, 24.7%) of them had normoalbuminuria. In the total sample, the proporion of patienis with low
¢GFR and normoalbuminuria was 43 {10.8 %),

When other microvascular complications were considered, retinopathy and neuropathy were associated

with albuminuria but not with the low eGFR.

Phase 2

A notal of 157 patients were invited for the study and 72 were excluded due 1o the presence of one or more
exclusion criteria. Remaining 85 were randomly assigned to two groups and 82 subjects completed the
study; Forty-onc patients from each group completed the study. Data were analysed by the imtention-to-
treat method.

Mo significant differences were found with regards to the baseline charscteristics between the trestment

and control groups. All patients received either an ARB or ACEI at the baseline. During the study period.



oral hypoglycaemic drugs were increased in nine patients (six in the treatment group). Losartan was
increased in three patients (two in the control grouph.

Table | shows the changes of the urine microalbumin io creatinine ratio, systolic blood pressure (SBP).
diastolic blood pressure ( DBP), fasting blood sugar (FBS), serum creatinine, eGFR. PTH, renin and
vitamin D levels after three and six months of treatment in the treatment and control groups. After six
months, mean reduction of urinary albumin o creatinine ratio was 51.8 mg/g (P < 0.001) in the freatment
group, 22 4 mg/g (P =0.06) in the control group and this difference was significant (P = 0.001 ). Significant
increase in the GFR was observed in the treatment group while in the control group GFR remained
unchanged (P = 0.006 for the between-groups difference). There was & significant reduction of serum
creatinine in the treatment group but not in the control group, But the change was not significant between
Eroups.

A significant increase of SBP was seen in the controd group whereas SBP remained unchanged in the
treatment group and the difference was not statistically significant. Significant trends in the DBP was scen
in both groups during the study period but the difference between the two groups was not statistically
significant (P = 0.1 7). Significant reduction of FBS was seen only in the control group and the difference
between groups was not statistically significant (P = 0.23).

Significant reduction of PTH was observed in both treatment and the control groups, but the change
between two groups was not statistically significant (P = (1.26). In the treatment group, vitamin D level
increased by 25,64 nmol/L and between the two groups the change was statistically significant (P <

0,001 ). Mean reduction in plasma renin in the treatment group was 5.85 pg/mlL (P < 0.001 ). In the control
group the reduction observed was only 0.95 pe/ml. The difference between the two groups was
statistically significant (P = (L006) (Table 1).

A significant inverse comrelation was observed in vitamin D with percentage change in plasma renin level

{p=-0.66, P < 0.01) and percentapge change in wrine albumin levels (r=-0.47, P < 0.01 ). Furthermore.



percentage changes of renin and urinary albumin also showed a significant correlation (p = 062, P < 0.01)
{Table 2).
Vitamin [¥ therapy significantly reduced DBEP, total cholesterol and LDLC but the between group
differences were not significant {Table 3). There was an incresse in HDL cholesterol level in the treatment
group while there was no change in the control group (the between groups difference was significant )
Table 4 shows the changes of the total body BMIVBMC, regional BMDs, total fat and lean masses, during
the initial & months of treatment in the treatment and control groups.
Adfter six months of vitamin [ injections. in the treatment group total body BMD, total body BMC and
BMDs of spine. femoral neck and total hip regions increased by 2.0%, 2.2%, 1.8%, 2.1% and 2.6%
{P<10.05 for all), respectively (Table 5). Increase observed in the BMD measurement in the trochanteric
region wis not statistically significant among the patients in the treatment group.

In the control group, total body BMC, BMD, or regional BMDs did not change significantly during the
initial & months. Furthermore, there was no significant difference in either total fat or lean mass in any of
the groups before and after treatment.
Table 6 shows the changes observed in the BMD measurcments at six months after stopping treatment in
subgroup of patients who had undergone the 3™ DXA scan.
After 6 months of stopping treatment, a statistically significant reduction of total BMD and BMC was
observed in the treatment group ( P=0.009). In the same group, changes in the regional BMDs were not
statistically significant.

In the control group none of the BMIVEMC measurements changed significantly during the posi-trial
follow up 6 months period.

Mo adverse events, particularly hyvpercalcaemia were repored during the study period.



Discussion

The cross-sectional study involving patients with diabetes attending medical clinics, Teaching Hospital
Galle, showed the prevalence of diabetic albuminuria o be $6% (95% CI: 61.7 to 70.2). When defined by
the degree of albuminuria. the prevalence of microalbuminuria was 60.9% (95% CI: 56.5 to 65.3) while
macroalbuminuria prevalence was 5.01% (95% CL 3.1 to 7.1} The risk factors for albuminuria included
poor glyeaemic control and the duration of the discase.

Amuong study subjects, the prevalence of low oGFR was 42.9% (95% CI: 38.1 to 47.7) and apge and
smoking were the factors related to the low eGFR. Other microvascular complications namely, retinopathy
and neuropathy were associated with albuminuria but not with low eGFR.

We found different determinants or associations for albuminuria and eGFR among these adult diabetics.
This discrepancy could, partly be due to the fact that these two processes are independent with own risk
factors and associations. Another reason could be that the ©GFR may not be an accurate reflection of renal
functions of these patients since eGFR in these patients were calculated using a formula developed for
European patients. Acute or chronic infections too can cause albuminuria without renal insufficiency. The
rescarch protocol required o inquire and examine all subjects for the presence of either acule or chronic
ongoing urinary infections.

A sizable proportion of patients with low eGFR had normal albumin excretion { normoalbuminuric renal
insufficiency ). Among patients with renal insufficiency 26.7% were normoalbuminuric. The majority of
patients with normoalbuminuric renal insufficiency did not have either retinopathy or neuropathy
supgesting that the setiology of renal insufficiency could be related to causes other than disbetes in these
patients.

Results from the Phase 1 of the siudy indicate the magnitude of the growing epidemic of diabetic
nephropathy in the local set up. It can be recommended that all diabetics be screened to assess their renal

function by both albuminueria and by eGFR.



The randomized, double-blind placebo controlled clinical trial conduected among patients with diabetic
nephropathy showed a significant reduction of urine microalbumin, serum creatinine and improvement of
GFR after monthly injection of vitamin D for six months. These results are supportive of the reno-
protective effects of high dose vitamin D in diabetic patients with nephropathy who are on optinmuom
medical therapy. Furthermore, we observed a significant reduction of renin levels in the treatment group
compared to the control group.

Vitamin [} increased BMINVBMC compared to placebo. This improvement was observed in the total body
BMIVBMC and BMDs of total hip, total spine and femoral neck. The regional EMDs remained
unchanged 6 months after withdrawing vitamin D treatment while only a marginal loss was observed in
total BMD snd BMC. Vitamin D caused no significant effect on cardiovascular risk scores, blood pressure
or major serum lipid components.

The dose of vitamin [} used in this study raised serum vitamin D level substantially. Although this was
sufficient to demonsirate reno-protective effect and benefit on BMDs the period of rail was insufficient to
demonstrate a positive effect on cardiovascular measurements.

Based on the results of this study, vitamin D can be considered as an add-on therapy to patients with
increasing microalbuminuria despite optimum glycacmic and blood pressure control and receiving
maximum tolerable doses of ACET or ARB.

Due to the paucity of data, however, further clinical trials should be done to reproduce the results observed
in this study. If the same benefits are proven. use of vitamin D for complete suppression of albuminuria
can be recommended.

Cardiovascular benefits of high dose of vitamin D cannot be ruled out, completelv, based on the data
observed in this study. Since patients recruited had good blood pressure and glycacmic control, further
reductions of these measurements were not possible. Further studies on patients with uncontrolled blood

pressure and poor glycaemic control may reveal these benefits.



BMIVBMC increase is an imporiant finding so that the treatment of vitamin D in early diabetic
nephropathy will delay the occurrence of renal bone discase. But further clinical trials are needed 1o test

this hypothesis in paticnts with diabetes.

Conclusions

The prevalence of albuminuria was 66% (95% CI: 61.7 to T0.2) in paticnits with disbetes who were
attending medical clinics, Teaching Hospital Galle. The risk factors for albuminuria included poor
glycaemic control and the duration of the discase,

The prevalence of low eGFR was 42.9% (5% CI: 38.1 10 47.7) and age and smoking were the factors
related to low eGFR. Other microvascular complication namely. retinopathy and neuropathy were
associated with albuminuria but not with low eGFR.

Maonthly injections of high dose vitamin D3 has improved the renal functions in patients with diabetic
nephropathy, BMD and BMC. This treatment did not have a significant effect on cardiovascular risk
soores or blood pressurne. Further studies involving longer durations of treatment ot different doses of

vitamin D} may be needed to reconfirm these findings.



Table I: Changes ohserve in the treatment and control groups at 3 months and 6 months

Variahle Baseline At 3 months Al 6 months P within group P between group

SBF immHg) Contrd 121 (7) 121 {B) 127 (6} < 0001 0,07
Treatment 1200 (8) 120 {8} 12147 0.59

DBP immHg) Conitrod 70 i) T2(6) T2{6) < 0001 017
Treatment T1 () 69 () 68 (B) < (L1

FBS img/dL) Control 130.2 (12.5) 1306 (10 1) 1278 (10.7) 0.02 0.23
Treatment 128.3 (13.6) 1258 (13.4) 1259 (10.9) 0.08

PTH (pg/mlL) Controd 425 (19.0) 37.6(12.6) 0.0 0.26
Treatment 382(11.3) 35.7(7.9) 0.001

15 (OHID inmol/L ) Contri 49.64 ( 16.46) 4567 (17.200 00044 < (1001
Treatment 56.11 (12.95) 81.75 (15.03) < (L1

Flasma renin { pg/mlL) Control 1514 (4.82) 1419 (4.6) 0.02 (0,006
Treatment 14.64 (5.62) 883 (48] < 000l

Urine albumin {mgg) Contrd 185.8 (50.6) 160.9 (63.4) 163.4 (56.2) 0.06 0,001
Treatment 1684 (35.8) 1221 (54.4) 117.6(45.2) < 0001

Serumcreatinine img/dL) Control 087 (0.22) 0BT (0.20) 0BT (0.200 084 0o
Treatment 086 (0.13) OB0(0L12) 077 (0.11) < (L1

GFR (mL/min} Control BE.T{20.3) 6E.2(19.3) (8.8 (20.5) nEl (0.006
Treatment T7.21020.9) 85.8(26.3) 83.1(24.4) < 000l

SBP (systolic blood pressure). DBP (diastolic blood pressure), PTH ( parathyroid bormone), FRS (fasting bliood sugar). GFR ( glomerular filtration rage)



Tabile 2: Correlations (Spearman rho) between the percentage change in vitamin D, wrine

albumin, plasma renin and FTH

Percentage Urine

Renin FTH
change albumin
Vitamin I 47" -(.66** .02
Urine o2=* .08
albumin
Renin 002

**Correlations are significant at .01 level



Table 3: Changes in CVDR factors and risk scores in the iest and control groups

F value within P value between

Variahle Baseline Al 3 months After & months
group Eroup

SEP Control 121 (7) 121 (8) 127 {6) < (00§

007
immHg) Test 120 (8) 1200 (8) 121(7) 0.59
DBEP Control 70(6) 72(6) T216) < 0001

0.17
(mmHg) Test 71 (6} 69 (6 6E (&) < (.001
TC (mgidLl) Control 1946 (32.1) 193.6 (30.8) 1969 (31.4) 0.24

0150

Test 1948 (30.1) 191.5 (28.1) 185.7 (27.2) < 0001

TG img/dl.) Control 1284 (50.8) 1279 [49.5) 128.7  (45.3) 0.62

044

Test 1228 (41.4) 1218  (40.1) 118.2 (32.4) 0062

LDL Control 117.0 (28.1) 1146 (28.9) 117.1  (30.2) 0.34

0.7
{mgfdL} Test 119.7 (28.7) 115.7 (27.6) 106, 10(26.5) < 0.001
HDL Control 53.5(10.9) 53.7 (10.7) 53.9(9.7) 0.40

= L0001
img/dL) Test 50,3 (7.5) 515(7.1) 55.7 (6.8) < 0001

SBP isystolic blood pressure ), DBP (diastolic blood pressure), TC (1otal cholesterol ). TG (triglyceride). LDL {low density lipoprotein},

HDL (high density lipoprotcing



Table 4: Changes bone mineral density and fat mass in the treatment and control groups.

Baseline After & months Percentage P within P between
Variahle
difference groups ETOuUps

Control 1038 (D121 1031 {0.191) .67 075

BMI L&l
Treatment 1038 (D.1200) 1.059 (0. 107) rm 0.
Control 1775.63 (412.76) 1721.64 (360.70) -304 0074

BMC oL73
Treatment 175795 (3B3.68) 1T95.85 (373.27) Xl6 0007
Contral 0848 (D.132) 0LB36 (0.119) -1.41 027

Spine BMD o7z
Treatment O.B45 (D.153) O_BG0 (0. 142) 1.78 .04
Control 0.722 {D.109) 0. 712 {0.094) -1.38 0.23

Femoral neck BAMD 043
Treatment 0.731 (D.153) 0. 746 (0.142) 205 003
Control 0607 (D.0B9) O (0L0E Y 049 0.5

Trochanter BMID 0.46
Treatment 0615 {0111 0627 (0.103) 1.95 007
Control O.B5T (D113} 0.852 (0. 105) .58 .56

Hip BMD 0.25
Treatment OBTE (0.148) ORG99 (0. 149) 243 L0088
Control 15.85 (6.67) 16,48 {6.16) 399 020

Tuotal lat mass 0.2
Treatment 1741 (5367.460) I8.2] {5.50) 4.6 .06
Control AT.04 (6.94) 36,98 (6.38) .18 0.E6

Lean mass 016
Treatment 38.92 (B.32) I6E (7.7 1.85 .09




Tahle 5: Percenlage changes in BMDs, fat mass and lean mass in different regions in the control and the treatment groups

Spine Femoral Trochanter Hip Total fat Lean
BMD BAC
BMD neck BMD BAD mass maAss
Control -0.67 -3.04 -1.41 -1.38 -0.49 .58 LR 0,18

Treatment 202 216 1.78 2.05 1.95 2.62 4.6 1.85




Table 6: Changes bone mineral density and Fat mass in the treatment and control groups

Percentage P within P between
Variahle Alter 6 months Alffter 12 months
difference Eroups Eroups
Control 09949 (0. 134) 1006 (0.112) 0.7 0.47
BMD 021
Treatment 1054 (0. 1208 1.041 (0.131) -1.23 OO0
Control 173592 {430.22) 1716.05 (402.87) -L14 0.26
BMC 0.54
Treatment 180819 (450.57) 1795.94 (458.27) -0.68 .04
Control 0823 (0.128) OEZE (0.126) el LAY
Spine BAMD 069
Treatment 0LE4T (0. 168) 0.B37 (0.163) -1.18 007
Control 0711 (0109 0711 (0.105) 1] gz
Femoral neck BMD 0.28
Treatmsent 0.756 (0. 166 (.753 (D.169) 0.4 48
Control 0601 (0.823) 0.598 (0.851) 0.5 035
Trochanter BMD 0.55
Treatment 0617 (0.112) 0615 (0.1 10) 032 033
Control 0851 10.114) (1L.B48 (D.116) 035 069
Hip BMD 0.3
Treatment D BHED (0. 160) 0.B95 (0. 160 0.67 0.48
Control 16,10 (6.75) 15,66 (B.57) -2.71 006
Tuotal fat mass 022
Treatment 18.28 (5.31) 17.98 {5.20) -1.61 0.7
Control 37.39 (7.36) 37.29 (7.16) -0.26 0.52
Lea 0.2
s Treatment  40.25 (.54) 40,35 (K.65) 0.23 0.54

BMD {bone mineral density ), BMC (bone mineral content
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Effect of iodine and iron status during pregnancy on maternal and
neonatal thyroid functions: A prospective cohort study in Bope - Poddala

health division

De Fovsa GED

Department of Bicchemixtry, Facully of Medicine, University of Ruhuna, Galle, Sri Lanka.

ABSTRACT

lodine and iron are the most common nutritional deficiencies in the world. It was reported
that even mild iodine deficiency during pregnancy will affect maternal and subsequently
neonatal thyroid functions and iron deficiency has multiple adverse effects on thyroid
metabolism. Since iodine and iron deficiencies are common in pregnant women in Sri
Lanka its ultimate effect will be on the new bomn. The aim of the study was to assess the
indine and iron status in women during pregnancy and its effects on thyroid function of
the mother and the newborn.

The study was carried out in the Bope-Poddala MOH division of Galle District. Four hundred and
twenty-five pregnant women were enrolled and they were followed up during the course of the
pregnancy until delivery. Maternal iodine and iron status was sssessed using different parameters
and its effect on babies was assessed estimating neonatal wrine iodine (UI) and neonatal thyroid

stimulating hormone (nTSH L

The median maternal Ul concentration of the sample was 175 2ug/L (IQR 106.3-263.4
pe/Li126.0pgL (IQR 74.8 - 196.4pg/L), 106.0p gL (IQR 67.4-160.6 po/L) in the first,
second and third trimesters respectively indicating progressive reduction with the
advancement of the pregnancy (p = <0.001}. 41.7%mothers had insufficient Ul

concentration at the study entry and it was increased to 58.8% and 72.9% in the 2™ and 3"



trimesters. Median serum TSH in the 1* trimester, 1.3 mIU/mL (IQR 0.8 — 1.8 mIU/mL)
was significantly increased (p<0.001) to 1.6 mIU/mL (IQR 1.2 - 2.1 mIU/mL) at the 3"
tnmester. Median vales of fT, for 1™ and 3™ trimesters were 18.0 pmol/L and 15.5 pmol/L
{p=0.002) respectively. Results confirmed poor iodine nutrition by Ul during pregnancy and role
of iodized salt in maintaining iodine nutrition throoghouwt pregnancy was questionable. In contrast
maternal thyroid status was maintained within reference range. Regarding salt iodine content

= 500 of brand did not contain iodine within recommended range and this may be a contributing
factor 1o the poor iodine nuirition seen among pregnant women. Only 10.9% of neonates had
insufficient UT level (< 100pg/L) and the median (IQR ) UIC level was 105.20 (81.25; 142.00)
pe/L indicating sufficient Ul level. The median neonatal TSH level was 3.55 (2.50; 6.50) mIU/'mL
whereas 37.7% of nconates had neonatal TSH=5.0 mIU/mL indicating moderate iodine deficiency
according to WHO criteria. Neonatal Ul level had significant positive correlations with maternal
3™ trimester UL {r=0.23; p=0.001 ) but such o significant correlation was not ohserved between
maternal Ul and neonatal TSH. Prevalence of anacmia was low in early pregnancy (4.8%) but iron
deficiency was significantly high (42.1% had ferritin < 15ng/mL). Iron status was significantly
improved at the end of the pregnancy most probably due 1© iron supplements. It wis observed that
maternal iron status had no significant effect on matemnal as well as neonatal thyroid functions in
this snmple.

Although neonatal thyvroid status was normal sccording to current reference valwes, it is
waorthwhile 1o assess long term effects of inadequate iodine status of mothers on the offspring.
Iodine content of the salt products must be tightly regulated and manufacturing should be closely
monitored.

This study was performed ot the Department of Biochemistry ond Nuclear Medicine Unit, Faculty
of Medicine, University of Ruhuna, 5ri Lanka. The results were published in three origingl popers in
peer reviewed journois. In addition, seven abstrocts were presented in national and international
forums. The thesis was defended on 17" November 2015.

Corresponding anthor: De Zovsa GED



Introduction

Iodine is a vital micronutrient regquired at all stages of life: foctal life and carly childhood being the
most critical phases of requirement [ 1]. lodine deficiency during pregnancy and infancy may
impair growth and neurodevelopment of the offspring and incresse infant mortality [2]. Diet is the
sole source of iodine, and it depends upon the iodine conlent of water and soil [3]. In many
countries, iodized salt is the major source of indine.

Pregnancy has a profound impact on the thyroid gland and thyroid function and it is a stress for the
thyroid gland. Production of thyroxine (T,) and triiodothyronine (T, ) increases by 50%, along with
4 50% increase in the daily iodine requirement [4].

Worldwide. about 39 million newhoms are at risk of lowered intellectual capacity becanse of
iodine deficiency, every year. Ii is important to note that maternal iodine deficiency is one of the
major causes for children net 1o reach their full potential and on a list of modifiable biological and
psychosocial risks encountered by young children; iodine deficiency was ranked in the third place
[5].

The ongoing monitoring of population iodine status remains crucially important snd particulsr
attention may need to be paid to monitoring the status of vulnerable populations, such as pregnant
women and infants [6]. Several indicators are used 1o assess the iodine status of apopulation:
thyroid size by palpation and/or by ultrasonography, urinary iodine (UI) and the blood
constituents, TSH and thyroglobulin [ 7).

According to a report published by the WHO in 2004 iodine intake in Sri Lanka was categorized
as adequate and iodine nuirition as optimal [8]. It indicated that Sri Lanka has achieved a
satisfactory control of indine deficiency disorder (IDD) after the initiation of universal salt
iodization programme in 1995. But mild to moderate iodine deficiency can still be there ina
considerable percentage of population which was not screened.

However. a study done in Sri Lanka very recently revealed that median urinary iodine level in
pregnant women was 113.7 pe/L., which is far below the WHO recommendation (between 150 and

249 pg/L), indicating inadequate iodine status of pregnant women in Sri Lanka and it was also



found in 2000 that only §0.4% of salt at houschold level contained an adequate iodine
concentration of =15 ppm in 5ri Lanka [9]. These findings raised a question about the iodine
nutrition status in Sri Lankan population at present especially in pregnant women. afier many
wears of =alt iodization.

Iron deficiency (1D} is the most common nuiritional deficiency state in the world, affecting more
than two billion people globally { 10). Iron deficiency can cause several adverse effects in various
stages in life. It adversely affects the cognitive performance, behaviour. and physical growth of
infants, preschool and school-aged children. Iron deficiency anaemia during pregnancy increases
perinatal risks for mothers and neonates and increases overall infunt mortality [117].

1D has multiple adverse effects on thyroid metabolism [12, 13]. It decreases circulating thyroid
hormone concentrations, likely through impairment of the haem-dependent thyroid peroxidase
(TPO) enryme | 14]. 1t is obvious that there is an association between iron status and thyroid
hormone status and since both iodine and iron deficiencies is common during pregnancy it is

waorthwhile to assess their effect on maternal and neonatal thyroid functions.

It has been shown that the consumption of iodized salt is not sufficient to maintzin the optimal
iodine level throughout the pregnancy even in some of the developed countries [ 15]. Therefore. it
is important o assess the iodine level in each trimester to obtain the dota of how oniversal salt
iodization {USI) programme in Sri Lanka is successful in maintaining iodine nuirition throughout
the pregnancy. The wltimate effect of matemnal iodine and iron nutrition will be on the new bom
babies. Therefore, it is important to evaluate the thyroid function and iodine status of their new
bom babics by measuring blood spot TSH assay and urinary iodine excretion in newbormn. This
will finally give a clear idea of effectiveness of the iodized salt consumption in maintaining iodine
nutrition during pregnancy and the effect of iron status during pregnancy on the thyroid function

of the mother and the baby.



Methods

This study was conducted as a prospective cohort study in Bope- Poddala Health Division of the
Galle District in the Southern Province. Required sample for this study was taken as 425 assuming
that 50% of pregnant women were deficient in iodine with inflation of 10% to cover up possible
termination of pregnancy during the study period and the dropouts.

All pregnant women with pestational age: < 1 2weeks (as judged by the date of last menstrual
period) who attended the five Maternal and Child Health (MCH) clinics in the Bope-Poddala
MOH division were included. Pregnant women with previous history of thyroid and renal discases
were excluded,

Study was conducted in four phases. In the first phase of the study, basic details were obtained and
size of the thyroid gland was assessed by palpation method and by vitra sound scanning. A spot
urine sample was collected for urine iodine estimation. A blood sample was collected to assess
thyroid function (thyroid stimulating hormone (TSH). free thyroxin (T} and serum thyroglobulin
level), serum ferritin (5F) and haemoglobin (Hb) levels. Data collection was done by using an
interviewer administered questionnaire as the tool. The pregnant women recruited for the study
were followed at their respective clinics throughout the pregnancy period.

In the second phase, the subjects were met in their 2™ trimester and details about iron
supplementation, information regarding gestational age at the time of second visit were obtained.
A spodt urine sample wis collected again to assess the Ul level in the second trimester.

In the third phase. the study subjects were visited again in their 3™ trimester and further details
about iron supplementation. expected place of delivery and any change in contact details were
obtained. A spot urine sample was collected 1o assess the Ul level in the third trimesier. Further,
another blood sample was collected to assess same parameters as in the first phase.

In the fourth phase, details of the newbom were recorded. A heel prick blood sample and a urine

sample were collected for the analysis of serum TSH and Ul concentrations respectively.



Salt samples {both tuble salt and crystal salt) were collected from places where salt was being sold

in the study area to determine the iodine content.

Urine iodine concentration was measured using ammonium persulfate method and the iodine
content of iodated salt samples wis measured using the iodometric titration method recommiended
by WHO/UNICEF! ICCIDD (16 at the iodine contamination free [nboratory of the Department of
Biochemistry, Faculty of Medicine, Galle. To measure serum T, TSH and thyroglobulin immuno
assay test kits (MP Biomedicals, Diagnostic Division, USA) were used. The Ferritin Immunoassay
Test Kits {MP Biomedicals, Diagnostic Division, USA) were used to estimate the serum ferritin
concentrations and haemoglobin estimation was done by using automated hacmatology analvzer
{Sysmex. USA) The DELFIA neonatal TSH kits {WasllacOy, Finland) were used to estimate the

neonatal TSH concentrations.

Data were analyzed using SPSS version 17.0 for Windows. Descriptive data were presented as
mean and standard deviation (S or median and interquartile range unless stated otherwise.
Correlation and regression models were used to examine the associations between urinary iodine
and other variables recorded as continuous numerical variables. When comparing different groups.
student t-test (for two groups). and analysis of variance | for three or more groups) was used to
detect differences in numerical variables and Chi square test was wsed to detect differences in
categorical variables. Details of the statistical calculations used for individual analysis are given in
the relevant resulis sections. Two-tailed p value less than 0.05 was selected as the level of
statistical significance.

Ethical approval for the study was obtained from the Ethical Review Committee of the Faculty of
Medicine. University of Ruhuna, Galle, Sri Lanka and informed written consent was obained

from each of the participants who were selected for the study.



Resulis

Todine content of ivdized salf

There were 89 salt samples of salt comprising 30 of crystal snd 59 of powdered salt {table salt)
belonged to 42 different brands (Table 1). In the total sample. there were 15 brands of crystal salt
and 27 of powdered forms.

The overall median iodide level of the otal sample was 20.41 ppm (range 0.0 1o 73.81) where as
the crystal salt had o median of 17.77 ppm (range 3.70 to 73.81) and powdered salt had 21.15ppm
{range 0.0 to 41.24). Although the median iodine level was found within the specified range (15-
30 ppm ) our analysis revealed that 23.6% of samples (11 crystal and 10 powdered salt). had iodide
levels below 15ppm and one powdered salt sample did not even contain a detectable amount. On
the other hand 12.4% samples (4 crystal and 7 powdered) had jodine level above the upper limit of

the recommendation.

Table 1;: Characteristics of salt usage & the type’

Characteristics Salt type Significance®
Crystal (n=30) Powder (n=59) {c* - value )

Flace of purchase

Retail shops 20 (22.5) ATi41.6) 0.52; p=0.85
Supermarkets T(7.9) 17(19.1)
Weekly fair 334 5(56)

Exposure to sunlight
Yes T(7.9 10(11.2) 0.63; p=0.47
MNao 23 (25.8) 49 (55.1)

Shelf life
<365 days 22(24.7) 53(50.6) 4.08; p=0.04
>365 days B (9.0) 6i6.T)

Period of storage
<00 days 18 {20.2) 34(38.2) 0.05; p=0.83
=00 days 12 (13.5) 25 (2B.1)

Flace ol storage
Shelf 15 (16.9) 33(37.2) 0.28; p=60
Floor 15 (16.9) 26(29.1)

"results presented as n (%)
* Chi squarned test comparing groups and the one tiled p value



OF the 42 different brands, aliogether 22 (52.4%) did not have iodine levels within the
recommendations and from the total number of samples only 64% of samples (15 crystal and 42
powdered salt) had the iodine levels within the specified range. It was important to note that of the
42 brands of salt only 2 had obtained the standard certificate from the Sri Lanka Stwndard Institute
i.e.. 5L centification.

Maternal iodine stafus

The median Ul concentration of the sample in the 1% trimester was 175 2pg/L {IQR 106.3-263.4
pe/L) which was dropped to 126.0pg/L (IQR 74.8 - 196.4p /L) af the end of 2™ trimester (Table
2). However, at the end of 3™ irimester, the median Ul was further dropped to 106.0p2/L (IQR

67 4-160.6 pg/L) with a statistically significant reduction (p = <0001 L

Table 2: Urinary iodine concentration in the study sample

1" trimester 7™ irimester 3™ trimester

(n=425) (n= 34T} (n=373)

Urinary indine level 1752 (106.3: 263.4) 12600 (7T4.8; 196.4) 1060 (6T .4; 160.6)
(pglLy

Wilcoxon Signed Z=T7.28: p<0.001

Ranks Test £=4.11; p=0.001

Z=10.39 p0.001

'Results presented as medion (inter-gquartile-range)

*Chi-square test at 2 df is 94.3; p = <0.001

The adequacy of Ul levels in pregnancy was analyzed using the criterin given by
WHOUNICEF/ICCIDD, 2007 and tabulated in Table 3. It has shown that 177 (41.7%) mothers
had insufficient Ul concentration at the study entry. During the 2™ trimester, 204 { 38_8%) were
detected as having insufficient Ul levels and at the 3™ trimester, 272 (72.9%) pregnant women had

insufficient Ul levels.



Table 3: Adequacy of urinary fodine excretion level during pregnancy’

lodine Status” 1” Trimester 2™ 3

Trimester Trimester

Excessive (=500 pg/L) 4 {0.9) 20.5)
Above requirements (250490 pgL) 1200 (28.2) 3T{10.7) 24 (6.4)
lodine Sufficient { 150-249 pe/L) 124 (20.2) 1006 {3005} 75 (20.1)
Mild Todine Deficiency (<150 pg/L) 159 {374} 168 (48.4) 232 (b2.2)
Moderate lodine Deficiency (<2049 pz/L) 16 (3.8) 32(92) 39 (10.5)
Severe lodine Deficiency (<20 pg/L) 2(0.5) 4il1.2) 1 (0.3)
Total 415 M7 373

:Hﬂufr.'r presented ax n (%)

“loding status {urinary iodine levels) was given by WHO/UNICEFTCCIDD, X007 “excessive ™
means in excess of the anount required 1o prevent and control iodine deficiency.

According 1o palpation method 84.1% (n= 354) subjects did nol have a palpable or visible poitre.
Fifiy five (13.1%) study subjects had a poitre that was palpable but not visible. Only 2.9% {n =12}
had goitres which were not diagnosed previously.

The median thyroid volume was 5.16 mL (IQR 4.30; 6.10 mL) as measured by US scanning. The
thyroid volume has a significant direct relationship { p<0_001 ) with the gland size as it increases
stesdily with the clussification of goitre.

It wis revealed that younger the mother (Age < 25 years) the thyroid volume is significantly
{p=0.04) lower than the older mothers and mothers of their first pregnancy had significantly lower
{p=0.0011) thyroid volume than those were pregnant for the 2 time ar more.

In this study the thyroid function tests were done 1o assess the iodine nutrition of subjects at the
study entry (1™ trimester) and at the end of the 3™ rimester. The Median serum TSH level of the
subjects in their 1" rimester was 1. 3mIU/mL (IQR 0.8 — 1.8 mIU/mL) and at the end of the 3
trimester it was significantly increased (p=0.001) to 1.6 mIL/mL (IQR 1.2 - 2.1 mIU/mL). Median

vales of {Ts for 1" and 3™ trimesters were 18.0 pmol/L and 15.5 pmol/L {p=0.002) respectively.



There were no subjects with T, values below the lower limit (<6 4pmol/L} of the reference
{hypothyroid) range in both first and third trimesters.

A statistically significant association between Ul levels and free Ts levels in the third trimester
{p=0.04) was obscrved. The pregnant women with thyroid size of grade 0(n=354) had higher 1T,
{mean levels of 19.23 pmol/L) than the mothers of grade 2 (n= 12; mean level of 18.13 pmol/L).
However. the difference observed was not statistically siznificant (p=0.74)

Maternal iron status

The mean Hb level at the study entry was 12.4 + 092 g/dL and it dropped 10 12,1 = 1.1 g/dL by
the third trimester (z test =+.47: p<0.001 ). The median SF level was 17.5 ng/mL (IQR 9.2: 30.0
pg/L) at the study entry and it improved to 30.3 ng/mL (17.4; 508 pg/L) at the third tnmester (z
test = 9.2; p=0.001).

It wis noted that only 20 {4 8%) mothers were anaemic (Hb<11.0 2/dL) in the first trimester.
However. the number of anacmic mothers increased 1o 49 (13.8%) at the end of the third trimester
{p=<0.0{11). In contrast, 178 (42, 1%) pregnant women were iron deficient (SF <15.0 ng'mL) in the
first trimester, but iron deficiency has been significantly (p=0.001 ) reduced as only 64 { 17.5 %)

pregnant women were having SF <15.0 ng/ml at third trimester (Table 4.

Table 4: Frequency distribution of Hb level and serum ferritin level

Trimester
Characteristics 1" a Significance
n k" n e
Haemaglobin Level (gidL)
Low (<11.0j M 48 45 13.8 =113
Mormal (=11.01) 306 952 305 B6.2 df=1, p=0ual
Serum Ferritin Level ing'mL )
Low (<15.0) 178 421 4 17.5 ¥ =55.82

Mormal (=15.01 245 579 302 EL5  di=|, p<0.0l




In this study it was noted that 181 mothers (51.1%) obtained iron tablets (FeS0,) from antenatal
clinics and the remainder (n=171, 48.3%) consumed commercial preparations of iron
tablet/capsules (Ferrous fumarate, gluconate, etc.) purchased from the private sector.

Of the &4 pregnant women who were iron deficient (5F<15.0 gfdL) at the third trimester, 31
{48.4%) obtained the iron supplements from Government antenatal clinics and the rest (n=33: 51.6
%4} from the private sector. However there was no significant difference (p=0.92) in the number
{%) of subjects with iron deficiency observed in the two categories.

The total content of iron consumed by cach woman was calculated during pregnancy by the
amount of clemental iron in each preparation and the number of days consumed. The pregnant
women who received iron supplement from government clinics had a median intake of 10.080.0
mg (IQR B.820.0; 10.500.0 mg) whereas those who purchased from the private sector had median
intake of &400.0 mg (7.806.0; &, 750.0 mg). A statistically significant difference is seen in the two
intakes (2 test 1.94; p= 0.05).

The correlation coefficients on parameters af each investigation points are described in Table 5 (at
the study entry) and Table 6 (at the third trimester). A significant negative correlation (r=-0.18;
p<0.001) was seen between maternal serum TSH and T levels and significant positive comelation
(r=0.12; p=0.01) between serum ferritin and His levels at the study entry.  However, it was evident
that in addition to these correlations there were significant negative comrelations also (Table &)
between serum TSH and Hb (r=-0.14; p=0.01) and serum Ferritin with fTsir= -0.19; p=0.01}). No

significant correlation between Tz and anacmia or iron status was scen in the first trimester.



Tahle 5: Correlation of the thyroid function test, anacmia and iron status in first trimester

TSH T4 Hhb Fermritin Tg
TSH I SLIE (<0l 000 (079 0.0100.93) 005 (0.54)
4 018 (<0001 ) 1 -0.02¢0.TH) 0,07 (0.16) 0.01 (0.92)
Hh 000 (0.79) 002 (071 I 0.1240.01) 0,06 (0475
Ferritin -~ 000 {0.93) 0.07 {0.16) 012 00:00) I 0,06 (L52)
Te 0.05 (0.54) A0L0F (0.92) -0.06 (47 -0.06 (L52) I

Table 6: Correlation of the thyroid function test, anaemia and iron status in third trimester

TSH T4 Hh Ferritin
TSH | 0011 4003 0140000 ) 0LOT (0.89)
iT4 011 {0.03) 1 0.035 (0.36) 0,19 (0.01)
Hh L1410.01) 0.05 (0.36) 1 012 {002y
Ferritin 0.01 (0.89) -0.19(0.01}) 0.12(0.02) 1

Ejffect of maternal indine and iron status on neenatal thyroid function

The median (IQR) neonatal TSH (nTSH) level was 3.55 (2.50; 6.50) mIU/L whereas the median
(IR UIC level was 105,20 (81.25: 142.00) pg/L. There were 4 infants with nTSH above the cut-
of f value of 20.00 miU/L with the highest value of 30.00 mIU/L. However. all had normal serum
TSH and T, levels. Therefore, none of these babies were confirmed as having CH. There were
216 (62.3%) babies with nTSH<5.0 mIU/L and 37.7% of neonates had nTSH=5.0 mIL/L. Further,
285 (89.1%) had normal urinary jodine levels of =100 pe/L. Only 35 babies {10.9%) had

insufficient (<100 pg/l) urine iodine levels.



A new bormn who has a binh weight of less than 2500z was considered as low birth weight infant
{16 WHO, 201 la). The mean +5D birth weight of the study sample was 3.01+0.49 Kg. The
comparison of neonatal data with sex of the neonateis presented in Table 7. It was revealedthat the
mean =S50 birth weight of males (3. 10£0.46 kg) was significantly higher when compared to that of
female counterparts (2 8940 50kg; t-test 4.09; p<0.001 . The median urinary iodine level in this
sample was 105.5 (IQR 81.20: 142.00. The mean +5D urinary iodine level among males

{208 B4+R9.20ng/L) was significantly higher when compared with females babies

{188, 7480 80ug/L; t-lest 2.08; p=0.04).

The correlations between the measured parameters of the neonates with the matermal thyroid
{serum TSH, fT,. urinary iodine level and thyroid volume) and iron status (Hb and serum ferriting
were analysed and the results are tabulated in Table & The birth weight of infants showed o
significant positive correlatton (r=0.13; p=0.01) with mother’s thyroid volume. Neonatal blood
spot TSH level showed significant negative correlations with mother's 3™ trimester T, level {r=-
0.10; p=0.04) and Hb (r=-0.10; p=0.03) whereas the negative correlation with serum TSH (r=-
.01 b did mot reach vo a significant level (p=0.80). Further, neonatal urinary iodine level had
significant positive commelations with mother's 3™ trimester urinary iodine (r=0.23; p=0.001 } and

T. (r=0.14; p=0.01} levels.

Table 7: General charactenstics of the baby s i the study sample

Parameter Unit mizles females t-test p-value
n 19l 171

Birth weight kg 310046 2 B9+0.50 409 <0001
Urinary iodine ne'l 2088448920 |8B.74+B08D0 208 004

nT5H mil/L 5.2023.60 5309460 A D6h




Table 8: Correlation between neonatal and maternal thyroid and iron parameters

Baby’s Mother at 3™ rimester
BW nTSH Ul ul TSH ™ Hb 5F T+
BW 004 004 0.06 001 013 0n.02 0,03 4002
(45)  (047) (0L2T) (094 (0.01)  (L6E) (D57} {OLT2)
= nTSH 004 003 003 -0.01 -0.02 010 .06 X010
&
; 10.45) (060)  (0L55) (D80 (0751 (DL03) (0300 (0L
nlfl 0.4 0.03 023 0.2 -0.01 003 001 014
1047)  (D.60) (=<0.001) (0.79) (D8T) (DLG2) {0.92) (000 )
006 0.03 0.23 001 .10 -0 .01 .ol
L1
(027)  (0L55) (<D0l (LBl (0U03)  (DLEE) (0.83) (0.9E)
-(1.0H -0l 002 X001 -0.05 -0l 001 .08
T5H
(094} (DB (0.79) (08I (0.36)  (LD5) (0.92) (0.13)
; 013 -2 -(0.01 oo .05 0n.02 0.1l .06
% v
4 001y (0,75 (0DET) (D03  (D36) (OLTE) (0L (0.23)
]
o 0.02 -0 -0.03 -0.01 -0.01 002 0.32 -0.01
= [Hb
% (068) (0.03) (062) (0E8E) (0.95) {D.78} (=<0.001) (084)
B
-0.03 b -(0.01 .01 0.1 o1l 0.32 .14
5F
(0.57) (030) (092) (D83) (092 (004 (=<0.001) (0.0 )
-0.02 -0 10 014 0.0l .08 006 0,010 4014
1
(L72)  (DuD4) (001 (D.9E) (L13)  (0.23) (0.84) (0.01)




Discussion

Iodized salt is the main source of iodine in Sri Lankan population and it has been the main strategy
to control the IDD. [t was reported that even in iodine sufficient or mildly iodine deficient (MID}
aress. iodine deficiency during pregnancy frequently appears and thyroid gland cannot meet the
demand for increasing the production of thyroid hormones. Iis effect may be damaging the
neurodevelopment of the foetus. Therefore, it is important to prevent even mild iodine deficiency
during pregnancy to have a better pregnancy outcome. Investigations on iodine nutrition in
pregnancy in Sri Lanka were very few. No national level studies have been conducted to assess the
iodine nutrition in pregnant women in Sri Lanka up to 2010, The study carried out by MRI in 2010
revealed that the overall median wrine iodine concentration among pregnant women was

113 Tug/L indicating an iodine deficiency in Sri Lanksn pregnant women (@) and it was not a
follow up study. The presemt study analyzed the maternal iodine status prospectively in detail
using thyroid size, thyroid profile and Ul level.

In the present study it was clearly evident that the median Ul concentration reduced significantly
during the course of pregnancy (p<s 0,001 ). This progressive decrease in urine iodine concentration
can be atiributed 1o the increased demand of iodine as a result of advancement of the preznancy
[17). Indeed, the apparent better iodine status in cardy pregnancy may be due to the increase of
glomerular filtration during first trimester causing an increased UIC and, therefore an increased
loss of iodine from the body. The reduction in urinary iodine level with the advancement of
gestational age in this study is guite compatible with the results of studies done in Bang ladesh
[18]). Congo [19] and Nigeria [20)]. In contrast results of national health and nutrition examination
survey (NHANES) in USA showed that Ul levels were incressed in the second and third trimesters
when compared to the first trimester [21]. This increase in iodine status was atiributed to the usage
of supplements containing iodine during pregnancy.

Present study showed that only 64% of salt products contained iodine within the recommended
range and a previous investigation too [9] showed that bouschold usage of sdequately iodized salt

was 69.4%. These factors may also be contributing to the poor iodine nutrition status evident



during pregnancy in the study population and it suggests that the consumption of iodized salt has
not met the increased demand for iodine during pregnancy in this study population.

The increase in serum TSH level and decrease in T, level with the advancement of pregnancy in
our study was compatible with the findings of the study done in Bangladesh [18]. The Ul by the
TSH levels in both first and third trimesters. showed that vast majority of the subjects had TSH
levels within normal range irrespective of the UIC in both first and third trimesters. Even though
UIC decreased towards the end of the pregnancy serum TSH levels were maintained within the
reference range.

The median fT, level was significantly reduced from18.0pmol/L (IQR 14.2-21.9) in the first
trimester 10155 pmod/L (IQR 1 1.6 - 21.9) towards the end of the pregnancy (p=0.002). Even
though T was not a good indicator of iodine nutrition during pregnancy, normal levels indicated
that the thyroid function was maintained properly in the study sumple. There was an association
between thyroid size and mean T, levels: women with thyroid size of grade 00 in=351) had higher
T {mean levels of 19.23pmol/L) than the women of grade 2 (n= 12; mean level of 18.13pmol/L).
However. this observed difference was nodt statistically significant (p=0.74}. Other rcasons for
goitre (immune markers) were not evaluated in this study.

Even though iodine nutrition among the study population was poor based on the Ul status, the
results of the thyroid function tests appears otherwize. Urine iodine levels in the first and third
trimesters did not show any significant associstion with thyroid function {TSH and £T,) tests. One
of the most probable reasons may be not uwsing the reference ranges for the thyroid function test
specific to pregnancy, and there must be a concrete agreement regarding the method and the
reference ranges to be used in the assessment of thyroid functions during pregnancy in our
population.

Studies in Sri Lanka have indicated different prevalence rates for annemia during pregnancy. It
was common to see from findings of many of the studies that prevalence rates of anaemia during
pregnancy was relatively low when compared 1o the national figures [22,23]. The present study
also showed low prevalence rate (4.8%) in contrast to the figure of 16.7% given in the most recent

naticnal survey [24].



The usual trend that was observed in relation to the iron stores in pregnant women was the
depletion of iron stores towards the end of the pregnancy [25, 26, 27). Scnanayvake ef al., in 20010
{28) showed a similar result in a study done in Sri Lanka. In contrast to these studics a significant
improvement in ferritin level seen in this study sample illustrates that the iron stores of the overall
sample has been improved towards the end of the pregnancy even thouzh the prevalence of
anzemia was increased. It may be due to the successful iron supplementation programme carricd
out in 5ri Lanka at present.

It wis observed that almost equal percentage of pregnant women received iron supplements cither
from government or private sectors. Further, there was no difference in the proportion of anaemis
and iron deficiency observed in the two groups. The commercial preparations are much more
expensive than the FeSO, given in the government sector. The resulis showed that almost hal f of
the pregnant women in this sample preferred commercial preparations obtained at a very high cost
despite the fact that iron supplemenis are freely available at the antenatal clinics conducted by the
Health Department. The most probable reason for that may be the common perceplion among
sommie medical personnel and the pregnant women that commercial iron preparations are better in

improving iron status and it has been proven wrong by this study.

It has been suggested that those who are iodine deficient may also be iron deficient and if IDA is a
nuiritional fector that influences the pathogenesis of IDD, it may have a greater impact on IDD
than goitrogens because of its high prevalence in vulnerable groups [29]. The requircment for
thyroid hormone during pregnancy sharply increases [30] and it is obvious that concurrent iron
deficiency may further impair the maternal thvroid function in jodine deficient pregnant women.
Assessing urine iodine level as a measure of iodine nutrition in new bom is a very difficult 1ask
and it has not been done in Sri Lunka. The miain challenge in messuring urine iodine is the

difficulty in collecting urine samples from the neonate [31].



The study done at Turkey showed that 10.3% of the newboms and 56.8% of mothers were iodine
deficient [32]. A recent study in Iran revealed that prevalence of neonatal indine deficiency was
14.2% and the urine odine level was < 100 pz/L in 33.9% of mothers (33). A common finding in
these studies including the present study is the lower prevalence of iodine deficiency among
neonates despite the higher prevalence of maternal iodine deficiency. Urine iodine level among
neonates in the present study had a sipnificant positive comrelation with mother's 3™ rimester
urinary iodine (r=0.23; p<0.001) similar to the Iranian study (r=0.46_ P<0.001) [33].

The results of the present study showed that 37.7% (n=131) of neonates had TSH level =5.0
mlLiL. It has been shown in Thailand that 8.9% of neonates had TSH =5.0mIUL (34). A neonatal
TSH frequency of >5.0mIU/L has been reponted in less than 3% of noonates in scveral mildly
iodine deficient regions suggesting that neonatal TSH may not be sensitive enough to evaluate
iodine status when there was mild iodine deficiency. A study from Australin using a sensitive
TSH assay found that only 2.2% of neonates had a TSH value »5.0% despite a median UIC of
E5.0 pg/L. among pregnant women [35]).

When assessing the iodine nutritional status, it has been proposed that neonatal thyroid-stimulating
hormone (TSH ) concentration is & good indicator of iodine deficiency in the population. The
WHO has proposed to use the results of screening programmes for congenital hypothyroidism in
neonates &5 an additional index for the evaluation of iodine stmtus of the population. A frequency
of neonatal TSH concentrations > 5.0mIU/L below 3% was proposed as indicating iodine
sufficiency (36). In mild iodine deficiency the frequency may be 3.0-19.9%. The frequencies of
20.0-39.9% and above 40% may be found in moderate and severe iodine deficicncy

respectively The iodine deficiency in the present study was moderate according to WHO criteria
[36] that the median (IQR) neonatal TSH level was 3.55 (2.50: 6.50) mIU/L. These findings are
similar to the deta from elsewhere (37) A study done in Thailand showed that the mean neonatal
TSH was 2.40 (5D 1.56) mIU/mL and sccording to them, although the median neonatal TSH
concentrations were within normal ranges. the proportion with TSH =5 miU/L ranged from 6.0-

14.0%, an indication of iodine insufficiency in both mothers and fetuses during pregnancy [34].



In the present study we studied the correlation of neonatal TSH with maternal TSH and T, level
levels. The blood spot TSH level showed significant negative correlations with mother's 3™
trimsester 1T, level (r=-0010; p=0.04) whereas the negative correlation with serum TSH (r=-0.01;
p=0.80} did not reach a significant level. A recent study also showed that neonatal TSH is not

nssociated with maternal thyroid function in either of the two trimesters studied [38].

There were evidences 1o suggest that iron deficiency affect the thyroid functions [39, 40] and
therefore the effect of maternal iron status on neonatal thyroid function was assessed in the present
study. According to the results, there was a negative correlation between neonatal TSH and third
trimester serum ferritin level (r=-0.16; p=0.30) though not significant, but the blood spot nTSH
level showed a sipnificant negative correlation with mother’s 3™ trimester Hb level (r=-0.10;
p=0.03). The clinical relevance of this significant negative comrelation is not clear but it indicated

that maternal iron status does not influence the neonatal thyroid function.

Conclusions

Although iodization of salt is compulsory by low in Sri Lanka it appears to be not well monitored
as significant number of salt products do not contain recommended levels of iodine. A proper
monitoring system af the production level to assess iodine concentration appears important.
About three fourth of pregnant women were indine deficient in the third trimester and oot of that,
the majority had mild iodine deficiency. This finding quite agrees with the recent findings of
iodine nutrition of pregnant women in Sri Lanka. The effectivencss of iodized salt in maintaining
iodine nuirition during pregnancy is questionable and it suggesis that iodized salt consumption is
not meeting the increased demand for iodine.

The overall maternal iron status was satisfactory. Effect of maternal iron status on maternal thyroid
function was not significant. Higher prevalence of iron deficiency in carly pregnancy should be

addressed.



Prevalence of iodine deficiency among newbaorn in this sample is relatively low (10.9%) in
contrast to maternal iodine deficiency. Neonatal Ul level indicated significant positive correlation
with third rimester maternal UT level and maternzl T, but the comelation between neonatal TSH
and matermal UT level was not significant in this studv. Higher prevalence of neonates with TSH
>5 mIU/L {37.7%:) indicates moderate indine deficiency during pregnancy and in neonates in this
study sample but interpretation should be done carefully. Maternal iron status does not influence

the neonatal thyroid function in this study sample.
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ABSTRACT

Enhancement of molecular fluorescence is of great interest due 1o the widespread popularity of
flumrescence-based detection techniques available today. Although fluorescence-based detection is
considered to be more sensitive than other optical approaches, there is still an intense need for
more photo stable, high quantum yield fluorophores. In this regard, metal-enhanced Auorescence
{MEF) has opened novel pathways for the development of brighter, fluorescent markers with
enhanced stability. Surface plasmon resonance of metal nanoparticles can modify the radistive
properties of nearby fluorophores in ways not seen in classical fluorescence. Trapping
flumrophores between coupled plasmons can further enhance the near-ficld interactions leading to
even larger enhancements. The aim of this research was to a develop a solution based approach o
study MEF by aggregation of fluorophore tethered gold nanoparticles, which would ultimately
lead to the development of ultra-bright fluorescent probes. Here, we report a simple method for
agpregatng multiple gold nanoparticles (GMNPs) on Rhodamine B (RhB)-doped silica
nanoparticles (SiNPs) utilizing dithiocarbamate (DTC) chemistry to produce MEF in solution. Dye
was covalently incorporated into the growing silica framework via co-condensation of a 3-
aminopropyltriethoxysilane (APTES) coupled RhB precursor using the Stber method. Electron
microscopy imaging revealed that these mainly non-spherical particles were relatively lange (80
nm on average ) and not well defined. Sphenical core-shell particles were prepared by physisorbang
a layer of RhB around a small sphenical silica particle ( 13 nm) before condensing an outer layer of
silica onto the surface. The core-shell method produced nanospheres (30 nm) that were well
defined and monodispersed. Both dye-doped SiNPs were functionalized with pendant amines that
readily reacted with carbon disulfide (CS,) under basic conditions to produce DTC ligands that
have exhibited a high affinity for gold surfaces. GNPs were produced via citrate reduction method
and the resulting 13 nm pold nanospheres were then recoated wath an ether-terminated alkanethiol
to provide stability in ethanol. Fluorescent enhancement was observed when excess GNPs were
added to DTC coated dye-doped Si1MPs to form nanoparticle aggregates, Optimization of this
system gave a fluorescence brightness enhancement of over 200 fold. Samples that gave
fluorescence enhancement were characterized through Transmission Emission Micrograph (TEM)
1o reveal a pattern of multiple aggregation of GNPs on the dye-doped SiNPs.



Introduction

Fluorescence spectroscopy is a widely used technique in medical diagnostics and in
biological rescarch. During the past few decades applications of fluorescence in biology have
undergone extensive development due to the increasing availability of fluorescent proteins, dves.
and probes that enable the non-invasive study of gene expression, protein function, protein-protein
interactions. and a large number of cellular processes [ 1-3). Few of such applications are cellular
imaging, DN A sequencing. Auorescence tomography and molecular beacons. Although
fluorescence-based detection is considered to be more sensitive than other optical approaches there
is still a need for the development of more photo stable, high quantum vield Auorophores, which
would greatly enhance the effectiveness of techniques in single molecule detection [6, 7). cellular
tracking and imaging [8]. as well as the miniaturization of optical sensors [9, 10].

Mast applications in classical fluorescence specirscopy take advantage of radiation emitted
to the far field which means radiation detected at least several wavelengths away from the
flusrophore. In recent years there has been a growing interest to study the near field interaction
between fluorophores and metallic particles in the nano meter regime. Noble metal particles in the
nanometer regime exhibit unusual characteristics which are not displaved by the bulk metals or by
individual atoms. The most attractive of them is their color which resulis due 1o a strong
absorption band in the visible region. For example, silver nanoparticles (AgNPs) absorb at 450 nm
whereas gold nanoparticles ( AuNPs) sbsorb at 520 nm. The characteristic color of metal
nanoparticles resulis due to absorption of electromagnetic radiation which cavses collective
oscillations of surface electrons on nanoparticle surface which is known as surfece plasmon
resonance {SPR). When an excited fluorophore is placed within wavelengths distance from a
metal particle, near field interactions that occur between the electron clouds {plasmon) of the metal
particle and the excited fluorophore can dramatically change the spectral properties of the
flusrophore. This fairly new field in plasmonics is called Metal-Enhanced fluorescence | MEF).

MEF is a powerful technigue which can ssmultaneously increases photo stability and brightness
of fluorescent molecules [9, 11-14]. This effect 15 highly sensitive to the distance between the
nanoparticle and the fluorophore (~5-30 nm) [15]. If the flucrophore is less than 5 nm away from
the metal, plasmonic effects could quench the fluorophore. Therefore, fluorescence enhancement s
highly dependent on the distance. Furthermore, MEF can be influenced by the size, shape, and
aggregation of the metal particles as well as the spectral overlap of fluorophore and the plasmon.
In particular, it has been shown both theoretically [19-23] and experimentally, that the overlap of
multiple plasmons of nearby metal collowds would strongly intensify the electromagnetic field
the overlapped region and a single fluorophore located in this region has shown greater brightness



enhancements [24-27]. Enhancements greater than 50 fold have been reported for flunrophores
next to multiple silver nanoparticles with large scattering cross sections [19]. However, these
MEF techniques required stationary immobilization or bio-molecule tethering that are maost
proctical for surface assays [26].

In this work we report a simple solution-based approach for aggregating multiple gold
nanoparticles (GNPs) around Rhodamine B (RhB)-doped silica nanoparticles (SiNPs) using
dithincarbamate (DTC) attachment. Organic dye-containing {doped) fleorescent SiWPs exhibit
many advantages for biological appheations, They are biocompatible, non-tocic, ghly
hydrophilic, optically transparent, size-tunable and can be easily modified with various
biomolecules. Gold nano-particles are also attracted to the scientific community due their
biocompatibility and surface funtionality. In this work we aimed to achieve large enhancement
factors of the fluorophore; which is Rhodamine B ( RhB)-doped silica nanoparticles by placing
them at an optimal distance from the gold surface as well as aggregating multiple gold
nanoparticles sround a small number of dye molecules. We have used dye-doped SiNPs as
sojution-suspended fluorescent nano-platforms. The silica framework allowed a fixed distance to
be created between the dyes and the metallic surface and provided a platform for multiple GNPs to
be attached in solution. The resulting extremely bright metal-flucrophore aggregates support a
greater potential of creating MEF using solution-based methods and can be used as ultra-bright,
phoio-stable fluorescent markers in biological applications.

Materials and Methods

For this study dyve-doped SiNPs were produced by two methods. In method 1, modified
Stiber method was used to prepare dye-doped SiNPs. SiNPs were produced by co-condensing the
siloxane-tethered RhB units ( 1.5 mL in DMFy with tertacthoxyorthosilicate (TEOS) (0235 mL) in
a 0.06:1.5 molar ratio in the presence of pure ethanol (8.75 mL) and ammonium hydroxide
(NHOH), (0.64 mL) for 24 h [30]. Two batches of dye doped SiNPs with different dye
concentrations were produced by Stiber method. Particles doped with high concentration of dye
were produced by miang siloxane-tethered RhB units wath NHsOH for 12 h prior addition of
TEOS. Particles doped with low concentration of dye were produced by mixing the above two
components for 5 minutes prior addition of TEOS. This co-condensation method produced
amorphous particles that presumably contained RhB dve dispersed throughout the SiNP [31].
Based on the mass balance of these condensation reactions, we could estimate the concentration of
the silica particles in stock aqueous suspensions. We examined these SiNPs by transmission
electron microscopy (TEM) to determine that they were amorphous particles with a cross section
of 100 nm. TEM imaging was performed on a Zeiss 100A Conventional microscope operating at 80



kV from a tungsten filament source at the University of Oklahoma Samuel Robers Moble Electron
Microscopy Labomtory. Samples were prepared by drop coating 4 pl. of sample onto a 300 mesh
formvar coated copper TEM grid (Ted Pella Corp.) and allowing to dry under ambient adr.

In method 2, a core-shell design was used to hold the dye at a set distance from the metal
surface by sandwiching layer of dye between two concentric spheres of silica [32]. The two types
of dve-doped 5iNPs are il lustrated in Fig. 1. Layered SiNP were prepared to control both the size
of the spheres and the location of flourophore within the silica matnx. TEM imaging confirmed
the production of 16 nm sphencal SiNPs. Cationic RhB dve was then physisorbed in an agueous
suspension onto the surface of these well-defined core particles [32]. Finally, an additional layer of
silice was grown by a lysine catalyzed condensation of TEOS in an aqueous organic biphasic
system to provide an owler shell for small diameter layered SiNPs. The dye-doped particles were
purified by membrane dialysis (12-14 kD MWCO) against milipore water. Dye loading was found
to be 95% based on the absorbance of the dialysis water o determine the amount of fluorophore
that was not incorporated. TEM imaging confirmed the formation of monodisperse 30 nm SiNPs.
The optical absorption and emission spectra of both stock 5iNP mixtures produced by the two
different methods were measured. Absorbance measurements were taken on a Shimadzu Scientific
UN-2101 PC UV-Vis scanning spectrophotometer. Fluorescence measurements were taken on a
Shimadzu Scientific RF-5301 PC spectrofluorophotometer equipped with a xenon lamp of 150W
as an excitation source.

Gold nanopanicles were produced via the well-established reduction of chloroauric acid m
agqueous sodium citrate [33, 34]. The resulting citrate-stabilized 13 nm gold nanospheres were then
recoated with | 1042+ 2-methoxyethoxy Jethoxy Jdecane-1 -thiol CHO0CHCH 0020 H o SH), an
ether-terminated alkancthiol to provide stability in water/ethanol mixture [36]. Recoating of GNPs
with the ether-terminated alkanethiol was optically charactenized by the slight red shifting of the
520 nm UV/Vis spectra of the GNP plasmon. The concentration of the stock GNP solution was

then estimated using the extinction coefficient [37, 38].

Establishing a robust method for sttaching gold and silica particles tozether is vital to
oplimizing MEF as the enhancement factor rises with increased aggregation. Wie et al have
demonstrated that dithiocarbamate (DTC) effectively stabilizes ligands on gold surfaces [39].
Recently, DTC chemisiry has been used to immobilize gold nanoparticles on amine coated bulk
silica substrates [40]. This method was modified to covalently bind SiNPs to GNPs in solution
{Fig. 2). For DTC activation, the surface of the SiNPs were amino funtionalized and then mixed
with TS, under basic conditions. Particles produced by the modified Stiber method were initially
used for DCT activation. Initially the surface of RhB doped SiNPs was amino-propyl
functionalized. then particles were DTC activated by adding varyving amounts of amino-propyl
functionalized SiNPs (250, 25, 125, 10 uL} to CS, solutions (1 mM, 3 mL) prepared in 95 %



cthanol. The pH of the samples was maised 10 9.8 by drop-wise addition of concentrated KOH and
the samples were stirred for 30 min to complete DTC activation in capped glass vials. For nano
particle azgregation, ether-terminated alkanethiol capped GNPs (1.0 mL. 1.2 nM} were added o
the DTC-activated SiNP mixtures and stiring was continued for another 24 h. Above SiNP and
GNP amounts were chosen 1o approximately provide desired SiNFP to GNP ratios to be 1:1, 1:10
and 1:20, absorbance and emission of the samples were measured over time.  Enhancement was
measured by comparing the emission spectra of RhB-doped SiNP control samples that lacked
GNPs. The amount of aggregation was compared relative to absorption spectra of SiNP and GNP
mixtures lacking C8: so that DTC formation was prohibited. Once the amount of SiNPs that
exhibited enhancement was screened, enhancement was further optimized by varving the GNP
concentrution. Experiment was repeated with SiNPs having hizh and low concentrations of dye
loadings produced by the Stéber method.

Layered dye-doped SiNPs produced by Method 2 were similarly treated. However, the
concentration of the stock solution of the lavered particles was difficult to obtain as these parbicles
did not efficiently centrifuge out of solution. Therefore, an aliquot that provided the same
flunrescence emission as in method [ was used. The same procedure described for method 1 was
used for APTES coating and DTC activation of layered SiNPs. Then gold nano particles were
added and the samples were mixed continuously to form metal-fluorophore aggregates. The
absorbance and emission were measured over time. Enhanced saomples of metal-fluorophore
aggregates formed by SiNPs from method | and method 2 were imaged through TEM 10 siudy the

aggregation pattern.

Results and Discussion

Dye-doped SiNPs  produced by two methods were imteracted with GNPs to study MEF,
Calculation of the concentration of GNPs was easily performed using absorbance measurements.
Concentration of the SiNPs produced by the Stober method was estimated based on the mass
balance of these condensation reactions of the aqueous suspensions. Unfortunately, the same could
not be done for the layered dye-doped SiNPs. The relative amount of dve molecules absorbed into
o sphere could be estimated but extending this approximation to estmating the concentration of
SiNF proved unhelpful. Both Stober and layered particles were initially functionalimed with the
amino-propyl ligands that were subsequently converted to DTC by reaction of CS; under basic
condibons. Ether-terminated alkancthiol capped GNPs were then added to DTC activated dye-
doped 5iNPs to produce metal-fluorophore aggregates. Both SiNF species showed GNP
aggregation, which lead to larze enhancements in fluorescent brightness [41. 42].

To schieve fluorescent enhancement 1t was necessary o optimize the concentrations of the

dye-doped SiNPs and GNPs as well as to establish a robust aggregation motif. Using dve-doped



Figure 1: Two motifs for RhB incorporation into silica nanoparticles. (a) Amorphous
particles with covalent dye attachment throughout the entire SiNP via 3-
aminopropyliriethoxysilane (APTES) bound RhB. (b) Spherical particles with RhB dve
shell formed by physisorption in layered silica preparation.
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Figure 2: Conversion of amino-propyl coated silica nanoparticles to dithiocarbamate

{DTC) thus, promoting aggregation with gold nanoparticles.
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Figure 3: Emission spectra of DTC activated RhB-doped silica nanoparticles mixed with

pold nanoparticles over the course of seven days. Inset shows the emission spectra of
control samples.
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Figure 4: Absorption spectra of DTC activated RhB-doped silica nanoparticles mixed

with gold nanoparticles over the course of seven days.
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Fig. 5 TEM micrographs of gold nanoparticle and RhB-doped, DTC activated silica
nanoparticle mixtures: (a) 2 days (b) 14 days after mixing.

SiNPs produced by method 1, different ratios of ether-terminated alkanethiol capped GNPs were
mixed with DTC activated SiNPs in water/ethanol mixture to form metal-fluorophore aggregates.
The it and absorbance of the mixtures were measured over time, Optical enhancement
of experimental samples was relative to the fluorescence emission of 3iNFs in the absence of
GMNPs. The aggregation of the nanoparticles mixtures due to DTC activation was determined by
monitoring the red shifting of the absorbance spectra as an indication of interacting GNPs [43].
The enhancement process proved to be very sensitive to the ratio of 5iMPs to GNPs. While no




enhancement was observed when GNPs and SiNPs produced by method 1 were mixed at a ratio
of I:1, an increase in brightness of fluoresence at higher GNP concentrations was observed. A
significant increase in enhancement was also observed when the concentration of RhB dye was
lowered within the Si%Ps. This result is consistent wath a reduction of fluorophore auto quenching
that is observed for highly concentrated samples of BhB [44]. The fluorescence enhancement of
these particles vaned over time, increasing from about 100 fold after the first day to 200 fold after
7 days (Fig. 3). The absorbance spectra also red shifted (Fig. 4) as the fluorescence continued to
increase over ime.  The increased red shifi 1s consistent with increased GNP aggrepation. A
wvariation 10 the aggregation of GNPs around the amorphous dye-doped SiNPs was studied by
TEM imaging.

TEM studies of these samples show an increasing degree of SINP/GNP aggregation over
the course of several days (Fig. 5). These images are in excellent agreement with the observed
extinction spectra that show a pradusl decrease in gold plasmon absorption (Fig. 4) as the amount
of colloidal gold decreases. This supporis the theory that fluorescent enhancement is due to GNP
aggregation, which leads to increased plasmonic scattering [45, 46].

Treatment of the lavered dye-doped SiNPs produced by method 2 was similarly studied.
GNP aggregation was once again demonstrated concurrently with the increased emission (Fig. 6).
Formation of aggregates was confirmed by red shifting of the absorbance spectra, the emission
spectra showed about 50-fold enhancement on day 1 and about 100-fold enhancement after & days,
TEM images of these samples further confirmed formation of metal-fluorophore aggregates.

Ome limitation of this solution-based approach s the difficulty in controlling the
aggregation in solution phase. It was difficult to reproduce the same amount of metal-fluorophore
aggregation in each trial due to the inherent randomness associated with solution-based
complexaton. Thus, it was difficult to reproduce the fluorescence enhancement to the same level
in cach trial. Howewver, we were able to reproduce enhancement in different amounts in several

trials.

Conclusion

In this study we have described a simple solution based approach to achieve metal-
enhanced fluorescence by apgregation of a large concentration of gold nanoparticles around a
smaller concentration of RhB doped silica nanoparticles. RhB doped SiNPs were produced by two
methods; first method formed larger amorphous particles having dyve throughout and the second
method yielded smaller, more sphenical particles having RhB dye sandwiched between two layers
of silica. OTC activated dye-doped SiNPs were were mixed with gold nanoparticles to form
metal fluorophore aggregates. Absorbance spectra confirmed that both kinds of SiNPs showed
metal-fluorophore aggregation and the aggregation increased over time. We achieved 100-fold



fluorescence enhancement on the first day, which imcreased up to 200 fold over penod of seven
days. TEM data was used to further confirm metal-fluorophore aggregation. This novel technigue
allows the study of MEF by a simple solution based approach using SiNPs as fluorescent nano
platforms. Employment of DTC chermstry for metal fluorophore aggregation simplifies the need
for biomolecule tethering in study of MEF. Further studies are required to investigate the control
of degree of aggregation in order to harmess the maimum effect of metal enhanced fluorescence
technique.
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