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ABSTRACT

Suspension of hepatocytes was isolated from the livers of male Wistar rats weighing
200-250 g by using the method of Berry and Friend as modified by Stacey and Priestly. Mor-
phological features, plasma membrane integrity and metabolic capability were used as the criterion
for cell viability, The successful method to obtain good cell preparations must involve_ ihree
critical steps ; namely, exposure of thediver to a calcium free medium, digestion with.collagenase
in a recirculating system and gentle mechanical treatment. Albumin (1.2%) in the final medium
which was.usedfor.suspending cells is necessary o maintain cell viability. Cell yields of 2-3/x
1 08 cells were obtained with a trypan blue exclusion index of 90-98%. Cell preparations with
a trypan blue exclusion index.of less than 90% were not recommended for any studies.
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INTRODUCTION

Early attempts to.iSolate hepatocytes by employing mechanical forge® and subse-
quently, perfusion.of the liver with Ca +2 or KT chelators were unsuccessful in obtaining viable
cells svith highyiéids %
aluronidase for isolation of rat hepatocytes. This technique was first described by Howard et
al.6’7 The method was further modified by several investigators. Berry and Friend> introduced
a recirculating perfusion technique, whereas Wagle and Ingebretsen22 simplified the procedure
by using collagenase as the only digestive enzyme. Seglen16 preperfused the liver with calcium-free
medium prior to the perfusion with collagenase in a calcium containing medium. These medifica-

The major development was the introduction of collagenase'and hy-

tions decreased the perfusion time and increased viable cell yields.

The viability of cells was the important condition for relevant results. Therefore,
several criteria for Judgmg the intactness of hepatocytes were followed. These included the mor-
phological: features, plasma membrane mtegmy, 7 cell resplrauon 2 and the capability to
maintain biosynthetic and catabolic reactions. "’

The factors involved in selecting suitable viability tests were the simplicity and sen-
sitivity of the methods. In this study, the trypan blue exclusion test was used routinely to establish
the viab‘ility of\freshly prepared hepatogytes, while K T retention and alanine aminotraisferase
(ALT) leakdge were used to monitor the plasma membrane integrity during the course'of an
experiment.

The overall objective of this study was to set up a system for isolatingrrat liver cells.
The criteria usedforcell viability were based upon plasma membrane integrity and megabolic
capability. Any.preparations which were satisfied by these criteria should'be recommerded as

a suitable modélfor, studiesjon, liver function, drug metabolism and drug induced toxicity.

MATERIALS AND METHODS

Male Wistar rats weighing 200-250 g from Mahidol University Central Animal House
were used as liver donors. They were allowed free access to food (Charlick’s M and V mouse
cubes) and water. Some experiments involved food deprivation (24 h fasting). Surgery was
performed between 8.30-9.30 a.m. for each experxment Under ether anesthesia, hepatocytes
were isolated by the method of Berry and Friend” with some modifications by Stacsy and
Priestly. 18 Liver was perfused with ca® 2 free physiological solution (96 mM NaCl, 1.4 mM

2. auy. an. 39y ¥, bdbE ad (o)



KCl, 0.7 mM MgSO 2.5 mM KHZPO 30 mM NaHCO3 and 21.7 mM sodium gluconate,
equilibrated with 95 %02/ 5% CO2 at pH 7.4) via the portal vein. When the perfusion of all
hepatic lobes was rapid and complete, the liver was perfused with 100 ml of 0.05% (w/v) col-
lagenase (sigma type IV) in the same calcium free buffer equilibrated with carbogen (95% 02/ 5%

COZ)’ under the recirculating condition. Flow maintained at 30-35ml/min with a pressure head
of 20 cm of water, and temperature. wassmaintained.at_37°C throughout the procedure.

After perfusiongwith collagenase (10-15 min),-theliver. was dispersed with a blunt
spatula in 50 ml of fresh collagenasebdffer (0.05%).and,incubated. (37 °C,80 oscillations/ min)
for 10 min. Bowinesérum albumin(BSA) was added to'give a final concentration of 12 mg/ml
and cells were harvested through.nylonamesh(250=:61,..m). Hepatocytes were separated from
other cells and cellular debris by differential centrifugation (50'G, 1-min).. Theresulting cell pellet
was washed twice with this fresh physiological medium containing 12:mg/mLBSA and once with
the incubation medium.  The final cell pellet was resuspended in theincubation medium at
the concentranon of approximately 4-5 X 10 cells/ml. V1ab1l1ty of freshly isoiated"hepatocytes
was determined routmely by the trypan blue exclusion test.)” Cell preparations with a trypan
blue exclusion index of less than 90% were never used in any studies.

Hepatocyte suspensions (3 ml) were incubated for 30 min at 37°'C. Aliquots(0.5 ml)
ofeell suspension were centrifuged at 50 G for 1 min. ALT activity in the supernatant was deter-
mined by the method of Reitman and Frankel.'* The cell pellet was extracted with 1 mi 3% (w/v)
perchloric acid (PAC), then centrifuged at 3,500-5,000 rpm for 5-10 min. The resulting supernatant
was diluted with distilled water and the K concentration determined by flame photometer!

The gluconeogenic capacity of isolated cells was evaluated using the method of Cornell
and Filkins.* Rats were fasted 24 h prior to isolation. After 1 h of incubation with 10 mM lactate,
the samples were deprotemlzed with 1 ml each of 1.8% barium hydroxide and 2.0% zin¢ sulfate
and eentrifuged at1,000 G, then 1. ml samples of supernatant were analyzed for glucose using
the o-toluidine method.

Aminopyrine demethylase activity in cell suspension was determined by the'method
of Mazel. ! Aliguots (2.5 ml) of cell suspension were incubated with 1 mM aminopyrine for
1 h. Formaldehyde formed during the incubation was trapped as the semicarbazone (by semi-
carbazide in the incubation medium) and-measured by the colerimetric progédure of Nash.'?

Cell countingycell-appearanceand trypan blue exclusionstests of isolated hepatocytes
were performed using a Nikon'©@piiphot light microscopedt 40 x and 100 x magnification.

Electron micrographs of isolated cells were done by the transmission electron micro-
scope. Cells were fixed with 1-2% OsO 4 in 0.1 M phosphate buffer, pH 7.3 for 2 h. After wash-
ing with phosphate buffer, cells were dehydrated with ethanol (from 35% up to 100%) then
infiltrated with propylene oxide and plastic mixture for 2-3 days. The embeded cells were sectioned
with ultramicrotome and dyed with uranyl acetate and lead citrate prior to photomicrography.

J. Natl. Res. Council Thailand, 1986, 18 (1)



RESULTS

The morphology of freshly isolated adult rat hepatocytes was shown in Figure 1.
Only viable cells with intact membrane excluded trypan blue. Cells obtained by this technique
usually had the trypan blue exclusion index of 90-98%. They retained a rounded appearance
and there was an abundance of normal-appearirig intracellular organelles as shown in the electron
micrographs (Figure 2).

The analysis-of cellymembrane integrity by K 'frétention and AL, release before
and after 30 mindncubation was shewn in-Fable 1. Values represent the mean + S.E.'of 5 separated
experiments:

Glueoneogenesis from lactate and microsomal aminopyrine demethylase activity
weredsed as indices for metabolic capability of cells. Values as mean + S.E. from 3-5 separated
experiments were shown in Table 2.

Trypan blue exclusion index was performed routinely for cell viability test. Cell
preparations with a trypan blue exclusion index of less than 90% were never used in any studies.
Addition of bovine serum albumin (1 .2%) to the final medium for suspending cells improved cell
‘yiability as detected by trypan blue exclusion test (Table 3).

DISCUSSION AND CONCLUSION

It was necessary to verify that isolated hepatocytes prepared by this technique were
representatives of normal liver cells in vivo. The criteria used for cell viability are morphclogical
features, plasma membrane integrity and capacity of cells to'maintain biosynthetic and metabolic
reactionss

For morphological features, nearly all of isolated cells retained their normabspherical
shape with\normal distribution and structure of organelles (Figures 1,2). The electron micrographs
( Figure 2) of thése cells were compared favourable with those reported by other investiga-
tors. >3 15 % Phis suggested that cells isolated by the described proeeduredid net alter the mor-
phology of cellsy

Plasma membrane-integrity were meadsured using trypan biue exclusion test, Kt
retention and ALT release. Thetnypaiblue-exclusion-test Wasuséd routinely to estabiish the
viability of freshly isolated cells, while K Fretentioand ALT release were used to monitor the
plasma membrane integrity during the course of an experiment. The average values of initial
K" content and ALT release (Table 1) were consistent with those reported by Gottschall et
al.’ and other investigators. 18,19.20 1 Table 1 the values of K * retention and ALT release
were persisted after 30 min of incubation. This indicated that the isolated cells could maintain

2. 4. nn. 398 ¥, bdks, od (o)



. their intact membrane and plasma membrane integrity before or after incubation in the control
environment.

The metabolic capability of cells as measured by gluconeogenesis from lactate and

microsomal aminopyrine demethylase activity (Table 2) was comparable to other cell preparations

prepared by other investigators.“’m‘21

Suitableimedium was.requited) for ggod:Cellwiability. -Bovine serum albumin (1.2%)
used for suspending cellsdn’the final medium was found to be necessary (Table 3). Different

laboratoriés seemed to use different kinds'of medium;.depending on their needs in experiments.

In-conclusion, isolated hepatocytes obtained by this technique wereimorphologically
intact and metabolically active. So they could be used as the representatives of normal liver cells

invivo.
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Table 1. Analysis of cell membrane integrity.

Incubation time Kt ALT
(min) (uM/g cells) : (IU/g cells)
0 353.30 + 1.11 3222.22 + 104.17
30 52.93'+ 1.35 3553.82 + 121.50

Values shown'are mean.# S.E. (n

Table 2." Matabolic capability of cells.

5)

Gluconeogenesis from lactate
( uM Glucose formed/g cells/h)

Microsomal Aminopyrine
Demethylase Activity
( uM HCHO formed/g cells/30 min)

mean + S.E. 21.00 + 0.83
No. of experiment (n) = 5

mean + S.E. 1.19 + 0.11
No. of experiment (n) = 3

Table 3. Effects of bovine serum albumin (BSA) on cell viability.

Trypan blue exclusion (%)

Without BSA

With BSA

mean, +, S.E.
n

73.8%k, 112
ol

fean +-S.E.[N/948 + 00"
5

n

*Significantly different from control (witheut BSA)
(P <0.05, t-test)

. Natl. Res. Council Thailand, 1986, 18 (1)




-Henseleit physio-

r1g. 1 A. Suspension of freshly.isolatedrat hepatocytes in modified Krebs

logical solution (x 40)?
B. Freshly isolated rat hepatocytes with rounded appearance (X 100).

C. Dead cell with stained nucleus (trypan blue) (x 100},

N = Nucleus
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Fig. 2 A. Electron micrographs of freshiy'isolatédrat hepatocytes with normal cell structure

and organelles (x 3,000).
B. Electron micrographs of isolated rat hepatocytes with normal distribution and

structure of mitochondria and endoplasmic reticulum (x 15,000).
N = Nucleus Mi = Mitochondria

ER = Endoplasmic reticulum

J. Natl. Res. Council Thailand, 1986, 18 (1)
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GLADIOLUS CORMEL PRODUCTION BY YOUNG FLOWER
STALK CULTURE
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ABSTRACT

Young flower stallediscs-of gladiolus were gsepticallyleultured on a solid medium of
Murashige and Skoogi§'macromicrenutrient) ahd Nitselh &Witsch’s organteladdenda. The discs of
young flower stalk which wére placed according to polarity on @n agar medium grew better than
those placed ona-horizontal or reverse polarity. Tissuesthis obtained produced callus, buds and
adventitious shoots. They-could be multiplied by subculturing them in'a'sintilar agarunedium
containing 1.0-2.0 mg/'l;'6-benzylamino purine (BA) or BA with 0.1 @-naphthalene acetic acid
(NAA). Increasingsucrose concentration Jrom 30 g/1to45 g/l promoted growth, niimber of'shoot
buds and adventitious shoots. Also the optimum agar concentration (0.4-0.8%) in the medium
increased number of shoot buds and shoot formation. A low agar concentration promoted shoot
growth only, but reduced number of shoot buds and shoot Jormation. A high agar.concentration
decreased both shoot proliferation and shoot growth.

After transferring shoot buds and small shoots to a basal or a low-BA medium, the
elongarion of buds and small shoots occurred and grew uniformly. When shoots were transferred
{o a rooting medium containing 0.1 mg/| NAA, roots developed and plantlets could be
transplanted within 8 weeks. Development of a small size cormel occurred and could be harvested
within 4-5 months after a shoot was cultured on a rooting medium. Subculturing plantiets to a
Jresh medium was necessary to obtain cormels of larger size. Increasing sugar concentrations in
the medium could promote larger cormel within 3 months without subculturing. By.this
propagating method, 50,000-80,000 cormels could be produced per flower stalk within 7-9
months.
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2.0 0.5 7.18 abcde ++ 5 -
2.5 0.5 5.89 efgh ++ + -
3.0 0.6 8.83 bcdef + 2 -
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Dottee Dee fitasalusmisgasma 9 iluaar 6 dlam

el ¥ . aw dnuazmaigiaula
TMURAARGY
- NAS (") moon AU 50
un./a. un./a. HYUY
0 0 2.42 f + + -
1.0 0 8.67 a +++ 54 -
1.5 0 5.23 bcde + + o
2.0 0 5.48 bcde ++ ) 19
0 0.1 3.42 def + 4 -
0 0.5 2.20 f + + -
0 1.0 1.80 f + - -
1.0 0.1 7.256 ab +4+4 P &
1.5 0.1 8.08 abcd + — =
2.0 0.1 7.29 ab ++ + -
1.0 0.6 4,29 cdef - + -
1.6 0.5 5.61 bcde + - .,
2.0 0.5 6.40 abc + - L,
1.0 1.0 2.77 ef + = _
1.8 1.0 4.20 cdef + pe N
2.0 1.0 3.83 cdef ++ - -
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un./a. un./a.
Y 0 2.88 fg - + -
1.0 0 12.47 a ++ 4+ +4++ -
1.5 0 6.02 de ++ + -
2.0 (] 9.38 bc ++ + -
0 0.1 3.90 efg - + +++
0 0.6 4.12 efg - + L 4+
0 1.0 2.60 g - # ol
1.0 0.1 11.93 ab ++4 +++ L
1.5 0.1 8.68 de ++ ++ -
2.0 0.1 9.75 b ++ ++ -
1.0 0.5 6.23 de + + L
1.6 0.6 9.48 bc + + =
2.0 0.5 6.98 C + + G
1.0 1.0 5.46 def + + =
1.6 1.0 7.08 cd ++ - =
2.0 1.0 5.48 def + — ’
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d ° Qs (Y =) - A A 1] 1 & 1 1] a LY
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Vug Violetta x Mardigras ﬁsgm‘lummsqmdn il 6 Hilam
AANIINATDY . . dnvaemaeigiauia

- Y mintaimay— 2

o gl (nJ Muon CTTONRY 510
0 0 3.36 bc + + -
1.0 0 4.39 abc + = -
1.5 0 3.72 abc + - -
2.0 0 3.20 be + - -
Y 0.1 2.47 be - = +
0 0.6 3.10 be - = =
0 1.0 1.96 ¢ 2 - -
1.0 0.1 4.64 ab + + -
1.6 0.1 5.79 2 +t + -
2.0 0.1 2.79 be it + ~
1.0 0.5 2.94 be + - -
1.5 0.5 3.18 bc +++ + =
2.0 0.6 2.26 be + - -
1.0 1.0 2.16 be + - -
1.6 1.0 4.19 abc ot = -
2.0 150 2.69 bc + = 7
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Dottee Dee 0 ¥ + 7.0 be 5.87 b
0.2 ++ + 28.68 '@ 5.04 bc
0.4 +++ ++ 30.0 a 6.39 b
0.6 +4++ ++ 10.8 bec 8.58 a
0.8 ++ + 3.2 ¢ 86.37 b
1.0 ++ + 2.2 € 3.78 ¢
1.2 ++ ++ 15.6 b B.73n6
Violetta x 0 ++ + 19.0 ab 6.28.b
True Love 0.2 +++ ++ 15.8 ab 8.21 b
0.4 +++ +++ 27.2 a 8.21 b
0.6 +++ ++ *14.0 b 6.39 ab
0.8 +++ +++ 17.0 ab 7.68 a
1.0 ++ + 6.4 b 3.78 ¢
1.2 + + 5.8 b 2.08.d
Violetta' x 0 + + 30.8 a 8.64 ab
Mardigras 0.2 ++ + 22.2 abc 7.16/a
0.4 + + 14.0" bed 4.89 bc
0.8 ++ ++ 26,2"ab 7.39 a
0.8 ++ + 156.6 bcd 4.84 be
1.0 ¥ + 7.4.d 8.32 ¢
1.2 d + 11.8 cd 3.86 ¢
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Dee Miaualuemsgaian 9 illunm e dilam

culture ¥
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1. MS basal 64.29 + 18.91 a
2. /MS + NAA'0.1 uf./a. 92.86 4+ 19.36 a
3. /MS + NAA 0.5 un./a. 50.00 +++ 17.52"a
4. MS + NAA 0.1 ¥n./8. + ac 0.1% 42.886 + 14.68 bed
5. MS +/NAA 0.5 un./a. -+ ac 0.1% 42.86 + 12.28 d
8. ;—MS basal 57.14 + 14.70 bed
7. %MS+ NAA 0.1 §f./a. 78.57 +4 18.89/ab
8: %MS+ NAA 0.5 un./a. : 50.00 + 14.96 bc
0. %MS+ NAA 0.1 ¥0./@. + ac0.1% 7.14 + 12.61 cd
10. %MS+ NAA 0.5 ./, + ac 0.1% 85.71 - 13.25 cd
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HAPTOGLOBIN TYPING IN BLOODSTAINS *
msasamuellalnatuluasuson

Amporn Chamsuwan

OUWT HINTITI

Faculty of Graduate Studies, Mahidol University

Taudia sy wW1InNeaduvaa

ABSTRACT

In crime scene, biological evidences which are usually found are bloodstains. Most foren-
sic science laboratories can provide the answer for the detective, whether they are human or
amimal; and if human, to what kind of ABO group it belongs. -Haptoglobin typing will also increase
per:centage accuracy of identification.

The detection of haptoglobin in bloodstains is carried out by extracted blood in fris-
citrate buffer and run in starch gel electrophoresis in NaOH-boric and stained with benzidine-

hydrogen peroxide. The persistence of haptoglobin varies according to the supporting medium
and environment (heat, moisture) and also to its phenotypes. The duration for detection of hapto-

globin in bloodstains is between 1 and 7 days.
unAaee

uav/Talnadu dumsiszneumanieavhnéulalisiiu dhmhitsudaihustulnadude
FHumnlsenowisyTalnatu-elulnadu  meszdestunisgaduelulnaiuindumdmala
us/Talnafii wilveenidliv-s wanlugjfie Hp 1-1, Hp 2-1 wez Hp 22 ATty BAThen s Nl o1y
fud 2 drie Hp hwozdip 2, UseTeniThmishmeiidinnmansae Slumsasatfiguifis

anuiune gn uakaivas 1vigadynne

o 3 2 d d
Tugmuniifamgrfeasimesunia 9 1 Jaewsiuni@ s inulddesfiganensiy
- a a ad ) 1 a v g 4 o ¢ Y o
(@en MinseigminTmaeafines: lansud Astinemiuthiwesnuvieda’d sufuvesnu
| - 7 - A - ¥ 1o -
wyj 1o 1 To ¥3e 101 uennINMsATIImMdoae 1 Toudsr msasremmydsunanueylnlnatiu

o ] - 4 o oA ¥
U»W:fﬁ'lll’liﬂﬂf')tﬂﬂfﬂiﬂi']i]WQi]NUNUui)ﬂﬂ’)U

* Supported-by the National Research Council of Thailand, 1980.

J. Natl. Res. Council Thailand, 1986, 18 (1)



44

a - ° o v o o
msasamyiavewsllnlnatduluanuaesnlalasadansiuideanie tris-citrate

@ ° 4 a d 1 3 v
buffer Taudl starch gel iWudanara thluendluniedidnTasvesda Tavll NaOH-Boric acid i

o s 9 o [ 3 L 4 a
viatiies deuaufiudauuaslelasisumesoenlas wuhanuamuveaellalnaiuluasu
A X 1@ - ) ¥ X ! & A
wesvustiuvnave ey Ialnaliu amwiadsy (ANvIou, Anua) nazdissiunsuien

4 = Y & t < [
izﬂznfﬂﬂﬁ'urﬁﬂﬂi'JQWUlwlnﬂTﬂﬂlJu"lﬂ A 9EHYIN.L D3 7 U

INTRODUCTION

Bloodstains are one-of the most frequent and important types of‘evidence encountered
in criminal investigation. - They are found at times in connection with almost every type of eriminal
activity and rhust'not-be‘overlooked. Bloodstain may be on the victim, the'crime scene, the culprit

and the weapons

Haptoglobin is a a -glycoprotein which combines hemoglobin in serumito form hapto-
globin-hemoglobin complex, to prevent the loss of iron via the kidney. Haptoglobin is divided
into three main groups: Hp 1-1, Hp 2-1 and Hp 2-2. The inheritance of it is determined by two
allele.autosomal genes, Hp 1 and Hp 2. The haptoglobin is used in forensic science in caserof
disputed paternity and personal identification.

In bloodstain investigation, the following questions are liable to arise?:

Is it blood or not?

Is it human or animal blood?

Does the blood belong to male or female?

Does the blood come from a certain individual?

The most common chemieal for presumptive test is benzidine. A solution, comprising
of saturated solution of benzidine in glacial acetic acid and hydrogen peroxide, will turn blue
with very small quantities of blood. Thisis a preliminary sorting test. A negative resultexcludes
bloeod. A pesitive result should be followed by other confirmatory tests. Because this test isunspeci-
fic, 'since it"is. alse ‘positive with direct oxidising agents such as potassium permanganate,
potassium dichromate, and copper sulphate.

These substances will give positive result only with the solution of benzidine'in acetic
acid.

Confirmatory test

a. Serological Test;, Thissmethod is the most commonuséd for various confirmatory
procedures, having the advantages of speedrand.specifi¢ify. Precipitation caused by antihuman
globulin, or other antisera, will confirm that the substance causing the stain is blood and will indicate
whether the blood is human or animal.

b. Spectroscopic Test: A solution of reduced hemoglobin (obtained by adding reducing
agents such as ammonium sulphide, 10% sodium dithionate, 0.2% hydrazine hydrate-or sulphate
to HbO,) has a characteristic spectrum. The test is made more specific by adding various reagenis

Lodu . i Y., ks, od (o)
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to the solution of the stain, to produce different products of hemoglobin, such as methemoglobin,
which have their own characteristic spectrum.

¢. Microscopic Test: In dried bloodstains, the various formed elements of the blood,
red cell and white cell, etc. are usually destroyed. However, red cell can occasionally be identified
if the stain is reasonably fresh, and their appearance may allow the source of the blood to be iden-
tified. Thus, red cells of avis are destroyed and those from a camel are oval®,

For the question of.individuality;-the-ABO grouping of dried bloodstains usually
give satisfactory answers«/Other blood group systems,~-MNS, Rh, DuffyyKell etc. could be used
but they are not pepular as ABO,

Serum types could be.used too..Detection of serum types in bloodstain hasbeen described
since the year 1961 by Durwald-on-haptoglobin and also in-the year 1961, 1962 by Planques
and Ducos respeetively’. Thestudies on Gm typing in bloodstain were first described by Nielsen
and Henningsen.in 1963. Other serum types for example InV, Gc typing. in bloodstain have
also/been studied too.

The possibility of detection of haptoglobin phenotype in bloodstains in different conditions
and at various stages will be possible in these studies.

MATERIALS AND METHODS

Electrophoresis vessel

Plastic trays with dimension 12 x 12 x 6 cm are used. The upper halves of the side
frames, 0.3 cm thick, are removable and screw to the lower halves.

Appropriate-sized buffer chamber was made from plastic plates, and small platinum
wires were used as electrodes.

Chemical
1. Trizma Base No. T-1503 (Sigma Chemical Company, St. Louis, U.SiA)
2. Hydrolysed Starch for electrophoresis No. S-4501 (Sigma Chemical Company,
St. Louis, U.S.A.)

Buffer system
1. Bridge buffer (0.3-M-boric acid, 0.05 M sodium-hydroxide)
2. Gelbuffer'(0.076 M Trizma base (tris-hydroxymethyl"aminomethane) 0.005 M
citric acid,pH.8.6)

Preparation of the starch gel

The gel was prepared by boiling 14% hydrolysed starch in gel buffer in a suction flask.
The suspension was continuously stirred with a magnetic stirrer, until it was ready to be used.
Cease boiling and a suction pump was applied to degas the gel, when all air bubbles were completely
removed, poured the solution into the tray. Allowed the gel to cool in room temperature for
about 30 min and at 4°C for about 30 min.

J. Natl. Res. Council Thailand, 1986, 18 (1)
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Made slots in the gel by using single-edge razor blade and then put filter paper with
equal width of the slots into the holes and withdrew. Serum sample was introduced into the slots
with pasteurized pipettes.

Sample preparation

Packed red cells were washedyini0i9% normal saline three times. Hemolysed red cells
were produced by adding distilled-water with proportion-2_: 154

Five dropsiserum sample werémixed with-2idrops of hemoglobin solution, incubated
at 37°C for 30 min.immediately before electrophoresis.

Bloodstains were prepared fromsknownstyping bleod on clean white cotton cloth, kept
in three ¢onditions:

1. room temperature

2%, _direct sunlight

37 damp place

For the bloodstain analysis, a piece of bloodstained cloth (about 3. % 10 mm) 'was
cut and soaked in tris-citrate buffer. It was put in a:moist chamber at 4°C over night and inserted
in the starch gel.

FElectrical connection

Filter paper wads were soaked in the bridge buffer solution connecting the gel and
the bridge compartments. Thick wads with a width corresponding to the entire tray were used.,
Similar filter paper bridge connected the electrode compartment and the bridge solution.

Electrophoresis time
Average voltage for electrophoresis was 4-6 V/cm for 4 h.

Slicing ofthe 'gel

At the end of electrophoresis released the screws on the rims of the tray.to remove
the upper side frames. With a very small wire, sliced the gel into two horizontal slabs along the
edge of the newshalf-heighted sides.

Staining method
Saturated solutionef'thesbenzidine-in glacial acetic acid 'was applied to the cut surface
by using a soft brush and hydrogen peroxide, by.means of‘a pieee of filter paper.

RESULTS

The persistence of haptoglobin in bloodstains does not depend on sex but depends
on phenotypes of them. Table 2 shows that the persistence of haptoglobin Hp 2-2 is least in every
medium and environment. The nature of medium and environment has much effect on the persistence
of haptoglobin (Tablc | & 2). It is found that :

2. . an. 300 ¥. bdeE od (o)
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For absorbent medium

a. The persistence of haptoglobin on absorbent medium in damp place are less stable
than in condition of room temperature and direct sunlight (Table 1 & 2).

b. There is no significant difference of the persistence of haptoglobin between phenotypes
of them in the same condition (Table 2).

¢. The stable phenotype of-haptoglobin is between:3.days (in damp place) and 5 days
(at room temperature or under direct sunlight).

For non-absorbent medium

a. The persistence of haptoglebindirect sunlightis.less-stable than in.room temperature
and damp,place (Tdble 1 &.2). ’

b. There is no significant difference of the persistence of haptoglobin between phenotype
of them in condition.of‘direct sunlight and damp place; but at room temperature, the difference

of the persistence,0f haptoglobin between phenotypes are clearly seen, Hp 1-1 isithe most stable
and Hp 2-2 is the least (Table 2).

¢. /Hp 1-1 is the most stable (7 days)and Hp 2-2 is the least (1 day direct sunlight)
(Table 2).

DISCUSSION

The most frequent laboratory examinations required for forensic purposes are the

examination of articles for.the presence of blood. The guestion ‘‘Does the blood come from a
certain individual?”’ may be important in accusing a suspected person and of proving or disproving
the truth of this statement. In general, most laboratories ABO grouping are used to solve this
question by abserption-elution method. Serum grouping is also used 100, to increase per centage
accuracy.of identification.

Starch gel electrophoresis divides haptoglobin into three main types (Figure 1).. Detection
of haptoglobinin'bloodstains on absorbent material is available if the stains are not morethan
five days old in foom temperature, but may be about three days in damp place. On non-absorbent
material heat has much éffect.on the persistence of haptoglobin, so we cannot'detect them if the
stains are moresthan three days old».Butunder room temperature condition and in‘damp place,
detection of them'dependson tlie'phenotypes forexample, about?days for Hpd-1, 5 days for
Hp 2-1 and not more thansthree days for Hps 242!

Effect of sunlight'on.the-persistence of‘haptoglobin in-bloodstains is due to the process
of ““denaturation’’ caused by heat and Ultraviolet light, Sunligh®is not the only factor that produces
denaturation but also moisture. Bacterial growth in damp place cause protein lysis from its digestion.
So moisture as well as heat and ultraviolet light can cause denaturation.

The reason is that the difference of the persistence of haptoglobin on non-absorbent
medium and absorbent medium which makes the difference between Hp 2-2 and Hp 1-1 by preserving
Hp 2-2 bands rather than Hp 1-1 and Hp 2-1 bands in contrast to the persistence of haptoglobin
on non-absorbent medium, is not yet known; further investigation should be done.

J. Natl. Res. Council Thailund, 1986, 18 (1)
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It is very difficult to interprete the result as well as to distinguish the difference between
Hp 1-1 and Hp 2-1 if the 2-2 like components are absent, so the control serum should be done
in every bloodstain typing to avoid the misinterpretation. The most suitable control serum is
Hp 2-1.

SUMMARY

1. Haptoglobin-grouping ofbloodstains wasperformed onexperimental stains on
two kinds of material« absonbent (cloth) and flon-absorbentimaterial (wood, glass, cement floor).
The stains were kept for 1, 3,5 and-7"days-=Each.was subdivided into 3 groups., One group
was placed in drying'stage at room temperature, another in moist stage at room temperature
and the last insdrying stage under direct sunlight.

All the haptoglobin grouping was performed by starch gel electrophores:s. !

2" Theresult of typing in absorbent material at room temperature canbe detected
for 5 days in dry/condition, but in damp place or moist chamber it is reduced to 3 days and shows
no significant/difference between their phenotypes.

3. The haptoglobin grouping, on non-absorbent material, at room temperature clearly
shows that the persistence of haptoglobin is correlated to phenotypes of them, Hp 1-1 is the:most
stable.and Hp 2-2 is the least. Hp 1-1 can be detected in bloodstains up to 7 days, but
Hp 2-2 in only 3 days. The environment such as moisture showed no difference of.the pérsistence.
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ABSTRACT

Iron'fortification' trial was undertakensfor-a-diration‘oftwo years in Amphoe Uthum-
phon Phisai, Changwat'Si Sa Ketl Atotal populationefid,242 ins6 villagestwas included in the
study and a group of females age.15-45 years'of which the subgroups.were 124 placebo, 129 for-
tified salt and 165 combined fortified-salt and fbrtified fish.sauiee, was selected for paired study.
The salt was fortified at a concentration of 1 mg Fe/g with iron complex (FeSO 4 :SHMP :
NaHSO 4 at 5:4:3) and 12 months later at 1 mg Fe/g with FeNaEDTA while the fish sauce at
0.25 mg Fe/ml with FeNaEDTA. After a continuous and regular administration and periodic

*Supported by National Research Council, Thailand and China Medical Board of New York, Inc.
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observations throughout the two years the paired results were assessed by changes in haemoglobin
levels, and group comparison by changes in serum ferritin values.

Analysis of co-variance and regression lines showed significant rise of mean changes
of haemoglobin concentrations in the two treated groups. The effects of iron fortification as
calculated at 25™ percentile of the population from cumulative frequency distribution of haemoglo-
bin at pre-and post-treatments of the two treated groups.were 0.6 and 0.8 g/dl while those of the
efficacies of fortified salt and fortifiedsalt plus fortified fish.saucewere 37.1 and 34.8% respec-
tively. The slopes and intercépts of the regression linestfitted for each-of theywo treated groups
were similar so that it could-be concluded in'thistrial that iron fortification of saltor of both salt
and fish sauce wereféffective and thatthe effects-of fortification.by salf alone or combined. Sortified
salt and fortified fish Satfee were not sighificantly different eitherexpressed as Slopes. orias the
elevation ofhaemoglobinconcentrations. The findings were substantiated by the improvement
of body iron'stores'in the iwo treated groups as assessed by serum ferritin determinations.
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INTRODUCTION

Iron deficiency with and without anaemia is widely prevalent in developing coun-
tries. In Thailand the presence of anaemia varied from 30 to 60 % depending on localities,
groups of target population and in particular economic status. The intervention programme
of iron fortification preferably performed intheshighiriskspopulation can be evaluated by studying
the rise of haemoglobin concentration as-well as replenishment.of bedy.iron stores as assessed by
the measurement of serum ferritin in the target group and the results are tolbe compared to the
placebo group. '8 This report presents preliminary findings on the effects and efficacies of a two
year fortification trial, after distributing-iron.fertifiedssalt and.combined iron fortified salt and
iron fortified fish sauce in groups of females in villages of Changwat Si Sa Kety with low income
populations in the.country.” The present study involves the evaluation of changes in haemoglobin
and serum ferritin coneentrations prior to and two years after commencement of the field trial.
The results of these studies showed that salt, combined salt and fish sauce fortified with iron
were effective in inereasing mean haemoglobin and serum ferritin levels of the population under

7,24,25

study.

MATERIALS AND METHODS

Experimental design

Fortification trial was conducted for a duration of two years in subdistrict of Ban Kae,
Amphoe Uthumphon Phisai, Changwat Si Sa Ket, northeastern Thailand. The subjects were
418 femnales, age 15 to 45 years, drawn from a total population of 4,242 from 6 villages of similar
geographical, socio-cultural and economic status. The placebo and the treatment groups of popu-
lation were-selected from separate clusters of individuals after preliminary surveys to exclude sub-
jects with haemoglobin concentration less than 8 g/dl, iron overload (serum ferritin more than
350ug/1).as well'as pregnant women and lactating mothers. ¥\The initial sample size was more
than'600 females or approximately 200 in each of the three study groups to allow for dropouts
due to lack ofco-operation, mobility to other places, being pregnant or lactating during the‘course
of intervention.

By the’endof the'two year trial, the groups could be finally classified as 124 placebo,
129 and 165 treatment-groups. The. first treatment group had been.given iron fortifiedsalt in a
concentration of I"mg-Fe/glofisalt.as‘iron complex=(ke-(IT) SO4:SHMP:NaHSO4 at 5:4:3) and,
the second treatment group;.— iron‘fortified-salt.at.the same level ‘of iron concentration and iron
fortified fish sauce at a concentration of ‘—11 mg'Ee/ml of fish*sauce as-ferriemonosodium ethylene
diamine tetra-acetic acid (Fe (I1I) NaEDLA). The-iron fortifiedssalt in the form of iron complex
had to switch to FeNaEDTA at 211 mg Fe/g of salt after 6 months of distribution due to develop-
ment of dark color of food during cooking process which was unacceptable. The distributien of
iron fortified products was under constant supervision of local health personnel.

Consumption and acceptability of the fortified products

The iron fortified products were distributed to villagers for few months for testing

J. Natl. Res. Council Thailand, 1986, 18 (1)
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the acceptability and estimating the amount consumed for each individual family of average size
of 7 persons. The average consumption of salt and fish sauce was approximately 10 g/head/day
and 10 ml/head/day respectively. Since the products were distributed on free of charge basis, the
amounts distributed were then limited to these figures to prevent from taking more than needed.
During the trial the amounts of the product consumed by each family were recorded on a con-
sumption card for final calculation efsthe’actual amounts,of salt consumed.

Monitoring of iron/fortified products

Monitering to control-distribution of the fontified and unfortified products were
carefully recorded’at regular intervals throughout the whole study periods” At the production
centre in Bangkok, the products were periodically checked for total ironcontent after the method
described by, Hallberg and Rasmussen.’

Collection of specimens and laboratory analysis

In each subject the haemoglobin concentration was measured initially and tinally at
two years after commencement of the trial. Venous blood samples were collected for haemoglobin
determination, serum ferritin by radioimmunometric assayz’g’lo and abnormal haemoglobin-by

cellulose acetate elution technique.lS

Statistical treatment

The regressions between initial and final haemoglobin values of each group were,com-
pared‘and tested for differences in their slopes and intercepts.“‘ 16 The response to iron fortifica-
tion was c}_etermined by measurement of haemoglobin changes above their initial values o6t.both
treatmént groups and placebo group: The analysis of co-variance was applied to/obtain more
precise, comparison between groups by removing the effects of differences in their initial hagmoglo-
bin concentrations.

Finally the treatment effects and efficacies of the trial were estimated by ploiting the
cumulative frequency distribution of haemoglobin concentrations when admitted to and at the

end of the trigkincomparison to-these of apparently healthy subjects, (Ehe numerigal index was
obtained from the.cumulative curves at a 75 percentile of thé population.

Comparisonef mean initial and final serum ferritin of-thegplacebo and treatment
groups were calculated by Student’s “t*test.after logasithmic seafisformation for normal dis-
tribution (geometric means).

RESULTS

Consumption of salt and fish sauce
Data obtained from a monthly record on salt and fish sauce consumption over the

o
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period of 24 months were tabulated in Table 1. The average consumption of unfortified and
fortified salt was 10 g/head/day based on average family members of 7, and 6 to 8 ml/head/day
of fish sauce either fortified or unfortified.

Hookworm infestation

The prevalence of hookwerm'infection-was.mild to'moderate. The faeces were positive
for hookworm ova in 61%gof'118-villagers randomly sampled for Stoll’s.egg count!’ ; of this
50% had marginal inféction having{l-1,000eggs/ g faeces and/1 1% moderateiinfection having
1,000-4,000 eggs/g faeces. There was no évidenee-of-differences in haemoglobin concentrations
between the normalicases with negative«€gg counts and the marginal or moderate hookworm in-
fected groups{(Table 2).

Haematological characteristics

Complete blood profile of Si Sa Ket villagers as compared to apparently healthy sub-
jeets in Bangkokiwere shown in Table 3. These vaiues were obtained from preliminary survey
for haematological characteristics.*>® The overall incidence of anaemia in 6 villages were shown
in Table 4.

In comparison with Bangkok subjects, the blood profile of Si Sa Ket subjects showed
no definite decrease of the parameters in males. In women, there was a definitive decrease in
héematocrit, haemoglobin and transferrin saturation levels, while the total iron binding capacity
(TIBC), unsaturated iron binding capacity (UIBC) and free erythrocyte protoporphyrin (FEP)
were elevated. The serum ferritin values in Si Sa Ket subjects were extremely low, — about one
third of the Bangkok levels. However, all parameters except most of serum ferritin values'were
within normal limits.

Evaluation of fortification trial

Table 5 showed mean initial and final haemoglobin concentrations of the three'study
groups. . In testing for differences in mean initial values of haemoglobin concentration of the
three groups, the results showed significant difference by one way analysis of variance (E>1).
The results of the trjal were then egmpared by analysis of co-variance to remove theeffects of
differences in the initial'haemoglobin.concentrations (Figure1):

After fittingregressiongines to the three groups, = placébo(Groupdl), and the two
treatment groups (Group2: iron fortified salt’and Group 3:'irén-fortified salt plus iron fortified
fish sauce), a common slope offeach regression line was calculatéd.and tested for statistical dif-
ferences among these three groups. From'thesresultssofranalysis of co-variance, it could be seen
that the slopes differed significantly from each other (F = 19.1443, p<0.001). After adjusting
means for the differences in initial haemoglobin concentrations for each individual, the intercepts
of regression lines were then compared. The results showed that the intercepts of the two treatment
groups differed significantly from the placebo (F = 12.0837, p £0.001) but there was no dif-
ference between the two treatment groups (t = 0.163) nor the intercepts (F <1). It could be con-
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cluded that in this trial iron fortified salt and iron fortified salt plus iron fortified fish sauce were
equally effective in increasing haemoglobin concentrations.

The analysis of co-variance for group 1, 2 and 3 was tabulated in Table 6 and , for
group 1 and pooled data of group 2 and 3 in Table 7. The estimated regression equations were
y = 3.159 + 0.736x,y = 5.670 + 0.5608xandy = 5.726 + 0.5512x for groups 1, 2, and 3 res-
pectively, andy = 5.704 + 0.552x for.poeledsdata from group 2 and 3.

Body iron stores of the placebo andgtréatmeént group

Bodyfiron store ofithe placebo and the two treatment groups at pre-test and 2 years
after the ironfortification were showr in Figure2mlmproved body iron status of paired subjects
as determined by immunoradiometric assay of serum ferritin was evidenced by increase in mean
serumiferritinvalues after2 — year trial; 8.62, 71.5 and 89.1 % for groups of placebo, iron for-
tified salt and.combined iron fortified salt and iron foritfied fish sauce respectively: By Student’s
‘t’ test, the mean.ncrease in serum ferritin levels was highly significantly differeft from the
placebo (p <0.001).

Effects and efficacies of the iron fortification trial

Figure 3a, 3b and 3¢ showed cumulative frequency distribution curves of treatment
population as compared to the normal before and after the intervention programme. The effects
(B-A g/dl) and efficacies (B-A)/(C-A) X 100% as determined at the 25th percentile of the popy-
lation were shown in Table 8. The treatment effects in groups receiving iron fortified fish sauce
were 0.65 and 0.8 g/dl and the efficacies were 37.1 and 34.8% respectively. The individuals who
showed good response to the iron fortification or ‘‘responders’” were 61.4 and 69.1% and the
mean-haemoglobin increase in responders were 0.71 and 1.16 g/dl for group 2 and 3 respectively.

DISCUSSION

The actual consumption of salt and fish sauce both fortified and unfortified obtained
from the family record cards during the whole study period were tabulated in Table'l. The figures
were quitesimilarito those obtained from the short term test for their-acceptability in.adults; on
the average.of 10:g/of salt/head/day. As for the fish sauce, the-actual consumption as recorded
in the family €ensuription/cards was 7te-9.ml/Head/ day'vs 10-ml/headyday. bythe acceptability
test.

The daily iron.intake was 7'mg/head/day:which is half ef'those found among sub-
jects in central region.13 The highsprevalence-of-anaemia 0f 56:2% and depleted body iron stores
evidenced by low serum ferritin of less than 15 ug/land high absorption of iron from standard
reference dose in accompany with mild hookworm infection (Table 2) confirmed that these low
economic population groups were at risk for iron deficiency with and without anaemia. The
haematological characteristics of the population under study (Table 3) were also substantiated
that the most prominent finding was serum ferritin values of about one third of the Bangkok
levels and suggested that this population was suitable for the field trial. However, it should be
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noted that the mean initial value of haemoglobin in females was less than the level for normal
healthy females of 12 g/ digh=

The present study was designed to conform to human nature as much as possible in
order to create no disturbances of usual daily life and environments by giving adequate education
transfer with minimal incentive to enable re-applicability if feasible. However, we have found
that during the first 9 to 12 months of distributien-of the fortified products, villagers were enthu-
siastic and very co-operative and.then become 1ess 50 during-the restiof the following years. The
results as previously evaluated in the first'9'ymonths in-a limited number. of subjects were
encouraging, the meanincreases.in haemoglobintand serum ferritiniconcentrations were signifi-
cantly higher than the initial values especially in females: >

The achievement of any field trial depends very muchon the consumer acceptability.
It was found fromithe surveys.that in order to prevent unacceptable darkening of its color;.the
fortified dose for fish ‘sauce had to be reduced to i mg Fe/ml of its original. concentration of
1 mg Fe/ml at the 6th month of fortification. For salt we had to switch from iron complex to
FeNaEDTA because of the resulting smell of sulphur and development of dark color when salt
fortified with iron complex was used to preserve food and vegetables and again the fortifying
dose had to be reduced to 211 mg Fe/g of salt.

Non-paired comparison showed only 12.8% reduction of overall prevalence of anaemia
as assessed by haemoglobin congcentration (Table 4). The lower the haemoglobin values at pre-
test the better response were obtained as can be seen more obviously at the haemoglobin levels
of less than 8 and between 8 to 10 g/ dl. The assessment by serum ferritin concentration showed
40.8 % reduction of iron depleted cases having serum ferritin values less than lower limits for
normal females ( <13 Lg/ ). However, at least the iron repletion accomplished in this fortification
study for iron depleted individuals was significantly convincing.

Statistical treatment of the fortification trial by analysis of variance and by fittifig
a regression, line of the final haemoglobin concentration on the initial haemoglobin concentratign
of the placebo and tested groups shown in Tables 6, 7 and Figure 1. The non-parallel regression
lines'of'the tested groups to the placebo group indicated that the effect of treatment were dif-
ferent at different levels of initial haemoglobin concentration. Both iron fortified salt‘and com-
bined iron fortifiedssalt plus iron fortified fish sauce were equally effective in increasing haemoglo-
bin concentration as shown by a definite elevation of the regression lines over that.of the placebo
(Figures 1a andi1b). The estimated effect of the trial (Table 8 and Figure 3) a$ shown by.the shift
of haemoglobin cencentration toward.the'normals at 250 percentile of the population were 0.65
and 0.8 g/dI for groups.réeeeived iron fortified sdlt-and comtined fron fortified salt and iron for-
tified fish sauce respectivelymThe numerical indices of efficacy»wefe 37.1-4ndB34.8 % accordingly.
Among the subjects who received iren fortified.salt.and/or-fish sauee€; the number of responding
individuals were 61.4 and 69.1 % and, the mean haemoglobin increase was 0.71 and 1.16 g/dl

respectively.
Serum ferritin values appeared to be a strong confirmatory parameter in showing the

significant response to iron fortification. The evaluation of the trial confirmed improvement
by 71.5 and 89.1 % of the originally existed body iron store in the two tested groups (p<<0.001).
However, after the trial, mean serum ferritin values in these groups of population were still in the
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low normal range approximately half of those found in Bangkok females. while the values at

pre-test were only one third of the Bangkok level.
Nevertheless, it might be concluded that the trial produced moderately effective results

for the selected target group.20

Although the mean increase in haemoglobin concentration was not impressive, the
repletion of body iron stores or levels of serum ferritin were significantly convincing. The degree
of response depends on many, faetors, the. mostimportant of.which are in order: how high the
initial haemoglobin andsserum ferritin yalues, how regular the-administration of the fortified
products at consisténtly high endugh fortifying dose of iroil orthe constant acceptance of the
consumers, and how high the Pioavailability-of<iren-compourds mixed in a definite recipe of
food ingredients.l’g’lz’19 Recent studies in India indicate that the fortification of common salt
is technicéilly feasible and field trial has shown a good haematdlogicél response.“’26 Similarly,
preliminary analysis‘of an extensive field trial by fortifying refined sugar with’NaFeEDTA in
Guatemala has shown significant improvement in iron status.” However, there are many factors
that may contribute to fail to demonstrate a beneficial effect of fortification for a variety of reasons
as previouély mentioned.' Field trial is the.more costly and a long term effective program. The
trial may fail/because the fortified product is not well accepted by the population as well as pitféills
related to the design itself. "We realized from this intervention ourselves the facts that to obtain
the results of the trial as evaluated in 2 years takes time, expenditure and much efforts fntit'the
time that the effects of the fortification would be demonstrable. In thié particular case, many,
variables mostly unanticipated had repeatedly arisen.
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Table 1. Average consumption of salt and fish sauce both fortified and unfortified as obtained
from a monthly record over the period of 21 to 24 months in the villages under studies.

* Village Food vehicle Number of | Consumption ** Range
families* mean + SD

6 Wnfortified salt 98 10.7+ 2.85 7.9-13.6

1,3,4,5 Iron fortified salt 181 10.1+ 3436 6.8—13.5
(img Fe/g)

2 Iron fortified salt 76 10.2 @22 3.32 " 196.8— 13.5
(zllmg Fe/g)
fron fortified fish 72 8.1 £3.04 5.1=11.1
sauce ( th mg Fe/ml)

2 Unfortified salt 76 8.6 + 2.81 5.8—11.4
Unfortified fish sauce 74 6.9 +£ 2.35,\ 45— 9.2

* Average family member of 7

** g/head/day for salt and ml/head/day for fish sauce

Table 2. Hookworm infection and haemoglobin coneentration in 118 villagers.

broup Sex (M,F) Haemoglobin (g/dl) Plvalue*
(number) mean + SD
Negative egg counts F(19) 11.71 £ 1.91 -~
M(24) 13.26 + 1.64 -
Marginal infection F(33) 11.90 + 1.38 NS
M(19) 13.36 + 1.33 NS
Moderate,inféction F(9) 12:16-+ 1.01 NS
M(5) 13:92 +1.21 NS

*P_values were obtained by comparisonito group withinegativelegg.counts usirig.the unpaired Student’s ‘t’ test.

NS = not significant
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Table 3. Blood profile of 189 Bangkok subjects and 138 villagers in Changwat Si Sa Ket (Mean

+ SD).
Parameter Fmgkak 1 5u Ket
Male'(n =45) |Female(n = 144)|» Male (n=37) |Female(n=101)
Age (years) 27.7¢# 6.36 | 23.3 £6.58)/ -37.0 + 68, | 352 + 6.8
Haematocrit/{(%) 44+ 220 .41.0+ 246 | 40.2 + 3.5 354 + 3.5
Haemoglobin (g/dl) 14,84 0:87 | 13.8 £0:90.1~13.4 + 13835 119 + 1.33
Serumiron (ug/dl) 107.0 + 27.96 | 107.9 + 21.97 |125.5 + 63.4 }:105.6 £ 59.9
UIBC (ug/dh 251.3 + 36.27 [260.3 + 34.57 [265.5 + 65.2 | 286.7 + 87.7
TIBC (ug/dl) 365.0 + 50.58 |369.1 + 46.47 [391.3 + 97.3 " [394.0.+ 99.0
Transferrin 29.7 + 5.57| 29.1 £ .6.20 | 29.6 + 10.1 %255 + 11.0
saturation (%)
Red Cell . 228+ 7.09 | 339 + 15.1 | 376 + 16.3
protoporphyrin
(ng/ml)
Serum ferritin* 81(21-314) 48 (13-173) 32 (5-192) 15 (3-80)
g/l

*Geometric mean values ( + 2SD given in parenthesis) from 209 male, 503 female villagers in Si Sa Ket and 45

male, 200 female Bangkok subjects

Tabled. Haemoglobin concentrations, serum ferritin values and prevalence of anaemia‘in ron-

paired population from 6 villages at pre-test and 2 years after the trial.

Pre-test 2 years
n % n Yo
Haemoglobin (g/dl)
Female
<8 26 5.27 9 1.80
8-10 87 17,65 49 9.88
10 - 12 164 33.30 185 37.30
>12 277 56.19 243 48.99
Total 493 100.0 496 100.0
Serum ferritin (ug/ 1) 503 41.9 496 24.8
<13
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Table 5. Mean initial and final haemoglobin concentrations of the three study groups.

— Initial Hb (g/dl) Final Hb (g/dl)
mean + SD mean + SD
1. Placebo 1232 £ 1.31 12.23 £ 1.11
2. Fortified salt .65 £ 1760 12.20 + 1.16
3. Fortified salt + 1150 + 1769 12.06.+ 1.16
Fortified fish sauce

Table 6. Analysis of covariance (group 1, 2 and 3), comparison of regression lines.

Regression {Deviation from regression

coefficient | df SS MS

Source of
Variation

df | @X)? @G| G)

Group 1 124 1212.2439 156.2939|152.6423 | 0.7364 124 | 37.5494| 0.3053
Group 2 129 | 330.1986| 185.1870| 150.6970'|  0.5608 128 | 46.8441 | | 0.3659
Group 3 165 | 472.5024 | 260.4555(223.2562 | 0.5512 164 | 79.6931 1§ ' 0.4859

Sum of deviation from regression 415 {164.0866 | ' 0.3954

Pooled within
418 '1014.9449| 601.9364 | 536.5955 |  0.5937 417 | 179.2259 | 10.4298

group
Comparison between the slopes
F = 7.5696/0.3954 = 19.1443, P <0.001
Slopes are highly «significantly different.
e g 2" {.51.3487| 8.3313 | 2.2963
group
Total 420+.,/1066.2736| 610.26771-538.8918 419.-/189.6131 | 0.4525

Difference between adjusted-means
F = §71936/0.4298-=-12:0837, P.<0:001
The difference is highly significant.
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Table 7. Analysis of covariance, mean haemoglobin differences between group 2 and 3.

Source of Regression| Deviation from regression

variation

dt | 63 (DT 05 | oetricient | a5 T s5 —

Pooled group
2+3only | 294 |802.7010:/:445.64251373.9532| 0.5552 293 | 126.5420 | 0.43188

Between 2
groups 1 15640 |\ '1.1489 1.3423 ) .

Total 2951 804.26491446.7914 | 375:2955 294 | 126.7571| 0.43115

Difference between adjusted means
F = 0.21511/ 0.43115, F<1
" ‘No significant difference

Note : By Student’s ‘t’ test, the slopes of group 2 and 3 are not significant different (t = 0.163).

Table 8. The effects and efficacies of iron fortification trial.

¢ Effects Efficacies Respondersl Mean Hb
Group of subjects increase
B-A) g/dl [B-A/(C-A)}x100%| (%) (g/dl)
1. Placebo 0.15 12.5
2. Iron fortified salt 0.65 37.1 61.4 0:71
3. Tron fortified salt + 0.80 34.8 69.1 116

Iron fortified fish sauce
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Final haemoglobin

ol Placebo (1)
_Z /Salt )
— Fish sauces+ Salt (3)

Initial haemoglobin

Final haemoglobin

(b) o

... “Placebo(l)
- —-wPooled 2+3)

Initial haemoglobin

Fig. 1 Comparison of regression lines of the placebo and the two treatment groups (a) ...placebo,
— — =fortified salt, — combined fortified salt and fortified fish sauce, (b)...placebo, — - =

pooled data (fortified salt + combined fortified salt and fortified fish sauce).

23.5

29.5

15.6

[] Pre-test
3 30 — B 2 years
=
=
=] i .9
g 17.4.A8
h]
g 10
=3
5

0
Placebo
(v, =~124) S

(n—=-142)

Iron fortified Iron fortified
Salt”+, Fish sauce

(ne=165)

Fig. 2 Mean increase,in'serum‘ferfitin levelsin placebo and'2 tfeatmentigroups at 2 years after

the trial (paired results):
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ABSTRACT

Moral citizens are vital for the peace and prosperity of the country. Thailand is a
Buddhist country. Bhuddha’s teaching is mainly scientific, therefore consonant with modern
psychological knowledge. Three important groups of virtuous belief and practices for Buddhist
layman are .-

a. The Five Observances(Silha) which are refrainingifrom killing, stealing, adultery,
telling a lie, and consuming liguor.and ‘addictivg drugs,

b. Consciousness and Awareness (Sati' - Sumpachunya),

¢, Being afraid of sin.and guilt (eri-Ottappa). These beliefs and practices are
usually transmitted by parents-and teachers to .heir children. Theaim of this study is to investigate
the reldtionship between teachers’ moral training techniques moral characteristics and attitudes
towards pupils and pupils’ moral characteristics, perceived teacher’s techniques and attitudes
towards teachers.

In'this study there were 49 teachers who were responsible for moral-education classes.
These teachers were compared with other types of teacher. It was found that morality teachers
had higher scores on moral characteristics and proper training techniques but showed less favorable
attitudes towards the pupils.than other teachers.

Teachers from the near-temple schools were found to use more appropriate technigues
of moral training than those in the far-temple schools, especially when the comparison was
made among the least educated teachers. Furthermore, the teachers who reported using less appropriate
moral training than others were the ones who were teaching many types of subject and the
ones in the far-temple schools. In addition, teachers with less favorable attitudes towards their
pupils besides the morality teachers, were teachers in the far-temple schools and the Bachelor’s
degree holders who were teaching moral education.

When pupils were classified according to their teacher’s attitudes towards them
and teacher’s.report of moral training, it was found that pupils in the high-high group and the
low-low group had significantly higher moral scores than pupils of teachers with one high and
one low characteristics. This was also found in most subgroups except pupils'in.the near-temple
schools." It could be.interpreted that both appropriate techniques and favorable attitudes
towards pupils'of teachers.together were neccessary for high morality of students. Onthe other
hand, lacking ene df thetwo characteristics among teachers would make the matter worst than
lacking both.

As for'the'relationship between morality of teachersiand students, it was found that
teachers who were high'on._*‘consciousness and'‘awareness’’ and on'*‘being afraid of sin and
guilt”’ also had pupils with highermeral Scores than their.counterparts. However, the opposite
was true for “‘the Five Observances.”’

In another analysis, it was found that favorable attitudes of pupils towards their
teachers together with high morality of teachers and appropriate moral training were also associated
with high morality scores on the part of the students. In addition, the more the students
perceived that their teachers used appropriate moral training with them, the higher were their
morality scores.
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When comparisons were made of the morality scores of different types of students,
it was found that girls scored higher than boys on 3 variables namely: morality, perceived proper
moral training and. favorable attitudes towards their teachers. Furthermore, the pupils from
the middle socioeconomic level were higher on morality scores than the students from both the
upper and the lower levels.

It could be concluded that-highimorality'teachers usually have students with high
morality. If teachers reported using -proper training techniques anditeacher-student’s attitudes
were highly favorable,together with.perceivedproper meralitraining of teachers by the students,
these students usually had higher morality scores.
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