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Control of Slﬂphide Formation in Coconut Toddy : 5

E. R. Jansz, E. E. JevaRaJ, D. J. ABEYRATNE AND 1. G. PREMARATNE =
Industrial Mecmbwlogy Section, Ceylon Institute of Scientific and Industrial Research Qﬂ";
(CISIR), P. O. Box 787, Colombe 7, Sri Lanka. L
of)
(Paper accepted : 4 February 1975) i)
o

Abstract :  Toddy, fermented with wild yeast, contains volatile sulphide.3 The total
sulphide content of toddy fermented under different conditions was guantitatively vt

estimated spectrophotometrically (aficr aspiration from acid medium and trapping H,S i

as an insoluble sulphide) by a method medified from Budd and Bewick ! which is specific b
for inorganic sulphide. Results showed that 0.01 % NHa*+ was, in most cases, sufficient .
to eliminate sulphide formed during wild fermentation. In a few instances, however, 5
much higher concentrations were necessary.  Urea did not inhibit at the same order of o
nitrogen concentration. Sulphide formation could also be controlled by choice of o

strain of yeast ; several strains isolated from teddy gave ferments nearly frec of ::}

sulphide.  Strains capable of forming high levels of sulphide do not produce this com-
pound in the presence of 0.05 %NH+.

Volatile sulphide in ferments can be trapped as CuS by addition of Cu turnings.
Addition of Fe or Steel to the ferments increased sulphide formation several fold ;

NHat+ (0.1%) only partly inhibited this.

Studies have shown that 30,42 dees not increase sulphide formation, but that cysteine
and (to a lessar extent) methionine appear to provide the sulphur for sulphide formation.

1. Infroduction

Coconut toddy, the fermentation product of coconut sap (an exudate of the tender
floral spathe?) is used directly as an alcoholic beveraget and also as the starting
material for coconut arrack (a distilled product). Both products have been exploited
extensively on a commercial scale for a number of years. More recently the unfer-
inented material (sweet toddy) has been intreduced in the bottled form.” Under
some conditions all these products contain volatile sulphide®8.1¢ which contribute
to the objectionable odour of toddy.

This paper describes the method by which inorganic sulphide formation in
fermenting toddy can be prevented. The paper also describes in detail a method of
determining the sulphide content of toddy.

2. Experimental
2.1. Materials

2.1.1. Toddy

Sweet toddy was obtained by collecting the sap after the normal tapping procedure?
in clean vessels (free of microorganisms). Tapping commenced at 6 p.m. and
samples were collected at 6 a.m. the following morning. Analysed at 8 a.m. the

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media

‘PECRC ROAD

3

]

121 POIN

LLUR, OAFFNM

No

B O e e G B < e


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

2 E. R. Jansz, E. E. JeyaRaj, D. J. Abeyrame and 1. G. Premaraine

sweet toddy contained 14 to 167 sugar. Samgles were used directly for studies of
fermentation with wild yeast and generally contained 10° to 107 cells/ml. For
studies with pure cultures, toddy was cither sterilized by autoclaving or by flash
heating as in the sterilization procedure for bottled coconut water® ; the toddy was
used immediately in the first case and after bottling for future use when the second
procedure was adopted. T oddy samples stored in this way gave only traces (<< 4 p
moles/l) of sulphide when tested after a period of weeks, showing that there was
negligible formation of sulphide by non-microbiological pathways.

2.1.2. Yeast cultures

Strains of yeast isolated from toddy and other scurces, as well as commercial yeast
strains were used. Yeast cuitures were single cell isolates, free of bacteria and were
maintained on gluccse-peptone-yeast extract-agar glants. Cells for experiments
were grown aerobically on a shaker on standard glucose-peptone-yeast extract
medium and used when physiologically active (showed a high rate of fermentation).

2.1.3. Synthetic medium for sulphide formation

The basal synthetic medium used for H,S studies consisted of glucese, 12% 3 K},
0.05% ; KH,PO, 0.1%; MgSO,.7H,0, 0.5%and FeS0O, trace, 0.001%. To
this medium was added NH,Cl, methicnme and cysteine as given in section 2.5
The final pH of the medium adjusted to 4.5.

2.2. The fermentation process

Sweet toddy (200 to 250 ml) was introduced into a sterilized gas washing bottle
(500 ml) and the required variables added. Studies with wild yeast were performed
at a cell density of about 108 to 107 cells/ml while in studies with pure yeast straius,
a cell density of 2 % 107 fo 5 x ‘107 cells/ml was used. In the latter case cells were
washed once with sterilized water before use. CO, evolved was led info a trap of
cadminm acetate (200 ml of 0.3% w/v) in another similar gas washing bottle. The
completion of fermentation was judged by cbserving the bubbles formed per min
in the trap. The fermentation is over in.20 to 30 h (wild yeast) or 40 to 60 h {pure
cultures). Sulphide formation occured mainly during the middle part of the fermen-
tation and stopped when the fermentation ended.

2.3, Recovery of sulphide from toddy

The toddy sample was acidified with 2 ml of 989 H,S0, (w.w)/100 ml toddy and
pgassed (> 250 ml/min) with CO, for 45 min. Recovery experiments showed that
the gas used was suitable for the purpose (section 3.1.). In initial experiments a
double trap containing zinc acetate (200 ml of 1.29 w/v) followed by Cadmium
acetate (200 ml of 0.39 wfv} was cmployed. In subsequent experiments a special
device was used to break up the gas bubbles (the gas was forced through small pores
in an adaptor that was attached). This greatly fecilitated sulphide absorption
enabling quantitative recovery of > 937 of H,S using the Cadmium acetate trap.
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Free suiphide was also determined by gassing withcut the addition of acid. This
method of estimation wasused only in the studies using metals and was not as reliable
as acid conditions because increased period of bubbling gave rise to slight increases
in free sulphide content. Gererally the free sulphide content of toddy was 3t0 13
pmoles/1 less than the totzl inorganic sulphide content.

24, Estimation of sulphide

Sulphide was estimated using NN diethyl p-phenylenediamine sulphate. The cclour
development technique was similar to that described in standard methods.’t  How-
ever, the strength of MN di-cthy! p.phenylepe-iamine sulphate used wes 0.81 g per
100 ml of 50% H,SO, (w/v) and the intensity of colour formed was determined using

- a U.V. Spectrophotomeier (UNICAM SP 500} at 660 nm. The estimation was done
using a standard curve plotiing 8%~ content (Ia,S precipitated as ZnS and estimated
by the 1,/ Na,S,0; titration) versus optical density. The test was most reliable over
the range of 0.06 to 0.23 uiroles 5%~ per sample. The standard curve had a gradient
of 0.35 Q.D./0.1 pmoles and a standard errcr of > 59% in this range. The test is
specific for inorganic sulphide ; methionine and cysteine sent through the recovery
procedure produced no colouratinn with the reagent.

2.5. Qualitative scoring system for volatile sulphide in teddy

This mcthod was found to be useful for qualitative studies. Toddy (35 ml) was
contained in a boiling tube (100 ml) plugged with cotton wool. A strip of filter
paper of constant size, dipped in lead acetate, was affixed to the cotton wool plug.
The extent of blackening of the paper was scored on a system of + signs from one
to four. '

Comparative tesis with the quantitative method indicated that +, +-t, 4=+
and 4 -+-+-- as given in the text of this paper were in the ranges of 10, 10-30, 30-60
and > 60 pmoles/l respectively.

3. Results
3.1. Recovery of sulphide from toddy

Recovery of H,S was tested by adding sulphide at concentrations in the range of
8 to 160 umoles sulphide/l (as ZnS) into test solutions of (a) water (b) fermented
H,S frec toddy. Solutions were gassed with CO, before addition of sulphide. Results
showed that at least 90% of the sulphide could be recovered within 45 minutes
using the traps, acid concentratiors and rate of bubbling as described in section 2.3.
Sulphide-frec toddy was obtaired by fermenting toddy in the presence of 0.5%NH,*;
aspiration in acid medium confirmed that no inorgenic sulphide was present in this
toddy.
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3.2. Reproducibility

Reproducibility of the combined operations viz. the fermentation process, recovery
of sulphide and quantitation of sulphide is reflected in the results in Table 1, which
show that the method adepted was adequate to illustrate the effects described in
this paper. However, it must be mentioned that extreme care must be taken in the
fermentation stage with respect to : (1) volume of toddy used? (2) veast cell density
(3) the state of fermentation (Table 2) and (4) contamination. The first two factors
must be kept constant within an experiment and the fourth scrupulously avoided.

TABLE 1. Reproducibility of assays

Inorganic sulphide formed (#moles/1)

Sample ' Experiment A ExpcrjmentE Experiment C
1 35.3 15.0 5.3
2 33.8 15.9 5.9
3 39.7

In the three experiments above, parallel samples (triplicate in expt
A and duplicate in expts B and C) were fermented. Reproducibility as
above is a reflection of the combined effect of errors of the fermentation,
recovery and detection stages of the process.

TaBLE 2. A time course for sulphide formation in
relation to sugar utilization.

i : Sulphide formed Residual sugar
Time (h) (l,':;'mOIGS,fII) 7 (%) =
0 0 16.4
10.5 1.0 12.5
21,5 ¢ 128 : 9.0
27.5 172 7.9
325 225 7.2
50 228 5.0

W 228 3.3

Toddy was fermented in a series of bottles under identical conditions.
Determinations were done on a separate ferment at the times given
above. Total sugar was determined with Fehlings solution after
inversion with HCI (sp. gr. 1.1029). Yeast culture No. 2 was used
in this experiment.
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3.3. Studies with wild yeast

Toddy samples showed a wide variation with respect to inorganic sulphide content ;
of the 12 samples quantitatively studied, 7 produced > 30 umoles H,S/l. The
largest sulphide content observed was 150 gmoles/l.

The ammonium ton had a marked effect on sulphide formation.? In most cases,
0.01% ammonium was sufficient to eliminate H,8 formation (Table 3). However,
there was a marked sample variation and in some instapces 0.3 %, NH,* was necessary
for the purpose. However, in all cases 0.06% NH,* was sufficient to reduce the
H,S level to < 10 pmoles/l

Taprg 3. Effect of NHat+ on sulphide formation
during wild veast fermentation.

Sulphide formed (fémoles/1)

Conc. of NHy+ added
aQ

(&) ExptA ExptB Expt C
0 116 150 16.0
0.005 91 19 4.1
0.01 e <1.0 <1.0
0.02 N.D. s i
.03 s <1.0 N.D.
0.05 N.D. — —
0.1 N.D. <1.0 —
0.2 N.D. ke T

NH4t added inthe form of NH4Cl to the same sweet toddy sample.

N.D. not detected.
— no experiment.

The source of NH,+ ion does not appear to be important but urea is not an effective
inhibitor of sulphide formation (Table 4). Other experiments have shown that
urea will inhibit at about 10 fold higher concentrations that NH,*. It was also
found that addition of SO2 (0.1%) did not affect the extent of H,S formation,

TasLe 4. Effect of N sources on sulphide formation.

; Conc. added (as NHi*) Sulphide formed
N source (%) (#tmoles/1)
NH.Cl 0.02 <1.0
(NH{:S04 0.02 =0
(NH,);HPO, 0.02 shD
CO(NH2); 0.04 i
Control 0 el

The above sources of nitrogen were added fo the same sweet

toddy sample.
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3.4, Stadies with pure strains of yeast

Of the 34. strains of yeast tested 18 were able to produce > 30 pmoles H, 8/
Generally top yeasts produced less H,S than bottom yeasts. Of the 11 top yeasts
used, only 1 produced = 30 umoles H,S/1. Results using some of these strains are
shown in Table 5.

Taple 5. Effect of yeast strain on sulphide

formation.
Yeast culture Sulphide formed
No. Source of yeast (ftmotles/1)
2 ~ Coconut toddy 59
15 Coconut teddy 128
i7 Coconut toddy <]
19 Coconut toddy 5.6
20 Coconut toddy 106
21 Coconut toddy 116
28 Palmyrah toddy 59
32 Mysore wine yeast <1
40 Coconut toddy N.D

N.D. not detected
The experiment was done with the same swest toddy sample for all
strains.

Different toddy samples with the same strain of yeast gave some difference in
total sulphide content, :

Two strains of yeast were chosen for further study. It was found that 0.05 5 NH,*
was necessary to eliminate’ HyS formation (Table 6).

Tasle 6. Effcct of NHs+ onsulphide formation
by high H;S producing cultures.

~Sulphide formed (Umoles/l)

3 ne. of NHat *Culture
Coz:]c‘l-de?‘, (I:ASM Culture 20 @lturc 2 analéurl;iixgg
0 112 125 185
0.005 78 112 e
0.01 59 69 oY
0.03 o — 5
0.05 — o <]

0.1 o S <1

Sweet toddy was fermented with the above strains of yeast.

A differont sample of toddy was used in’ this cass.

— no experiment.
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3.5. Studies using synthetic media

Addition of methionine and cysteine to a synthetic mredium showed that : (1) of the
two amino acids, cysteine produced H,S more readily (2) the strain preducing more
H,S from toddy produced morc H.,S from the amino acids and (3) NH,+ inhibited
H,$S formation (Tables 7, g). This is consistent with H,S being formed via the rovte
ofdcysteinc- desulphydrase, the two latter points indicating a similar mechanism in
toddy.

TapLe 7. Effect of methionine and cysteine on sulphide formation.

Yeast Met. Cys. NHg+  Sulphide formed
culture (pmoles/1) (pmoles/1) (%4 (ftmoles/1)

32 1677 0 0 <1.0

32 1677 0 0.7 N.D.

32 1677 0 0.2 N.D.

20 1677 0 0 11.8

20 1677 0.2 6.0

32 0 2067 0 122

32 0 2067 0.7 4.1

20 0 2067 0 209

20 0 2067 0.7 <1.0

20 0 0 0 N.D.

Methionine, Cysteine and NHy+ were added in the above quantities to
sweet toddy and the fermentation done with pure strains of yeast.

N.D. 7ot detected.

TasLe 8. Effect of NHat on HpS formation from cysteine and

methionine.
volatile sulphide*
NH, Methionine Cysteine cx}lzt?;i: s _ff’ffffl DL
A (#moles)  (Hmoles) i 24 h 48 h
0 6.7 0 32 — +
0.2 6.7 0 32 en -+
0.4 0 0 32 — o
(i3] 6.7 Q 32 s e
01" 6.7 0 3 — —_—
0 6.7 it 20 ++ +-+
0.2 6.7 0 20 — A
0.4 0 0 20 e —
0.4 6.7 Q 20 r— -+
1.0 6.7 0 20 - —
0.2 0 8.2 20 44+ + - ++
0.4 0 — 20 - _—
0.4 0 8.2 20 + 44+ i o
1.0 0 8.2 20 + 4+ ++ -+
0 4] 8.2 12 S i
0.2 0 8.2 32 e e +4++
0.4 0 8.2 32 —_ e
0.4 0 8.2 32 “+ 4 G4+ +
1.0 Qi 8.2 32 ++ i o e
*Sulphide was detected by lead acslate paper (section 2.5). On a

synthetic medium (section 2.1.3), other details as in Table 7
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3.6. The effect of metals on free H,S content

Addition of metals to the ferment produced varying results (Table 9). Whereas Sn,
Al and stainless steel produced no significant difference, copper (turnings) reduced
free H,S content, and mild steels increased free sulphide. The effect of copper
appears to be due to the formation of CuS. The effect of the Fe is only partly
inhibited by the NH,* ion.

Tapte 9. Effect of metals on HzS formation

" Sulphide liberated (;smolecm

Experurlent 3

Experiment 1 Experiment 2

Conditions Aaplrat.ible Ac1d llber'ltable
4 Cu 4.4 —_ E o, — <i.0
4 Al 13.1 o e Fo
-+ Fe* 81 - 53 8.7 _—
+ Sn 9.7 — _ =
4 Mild steel 30.0 = s -t
<+ Bright stcel —_— 114 234 ol
<4 Stainless steel - 17.5 24.7 e
+ Fe* + 0.1% NHg* s 1.9 20.6 o
Control 94 21.9 25.6 54.4

Mass of metals, Experiotent 1, 3g ;. Experiment 2, 10g ;: and Experiment 3, 202
* B.D.H. electrolytically deposited iron

- NO ¢Xperiment,
3.7. The effect of NH,"

Addition of NH,* ion increases the rate of fermentation slightly but there is no
significant effeci on the efficiency of alcohol formation from sugar (Table 10). Fiavour
is altered and the distillate has no typical toddy odour, the odour b{:lng closer
to that of a purer alcohol.

on the fermentation

Tapte 10. Effect of NHyt+ on the fermentation.

NH4+ (0.05%) added Contml
2lh 48k 21h  48h
Residual sugar (% wiv) 8.5 0.6 11.9 3.9
Alcohol (% wiv) 396  7.52 257 5.64
Ratio of aleohol :
formed to sugar
utilized 0.50 047 0.52 0.45

Initial sugar, 16.69. Alcohol was determired by specific
gravity after distillation. Residval sugar was determined with
Fehlings solution after inversion. Percentages arc expressed

as weight by volume. Yeast strain No. 20 was usedin this
experiment.
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Control of Sulphide Formation in Coconut Teddy 9
4. Discussion

The results clearly show that the inorganic sulphide produced in toddy varies markedly
primarily due to differences in the characteristics of yeast in toddy. It is highly
suggestive that the immediate source of H,S is cysteine arising from the sweet toddy.
The final enzyme in the pathway, cysteine desulphhydrase, has been isolated in
bacteria.® The difference in extent of H,S formed, using a single yeast strain with
different samples of toddy could be due to variations in the sulphoamino acid content
or concentrations of iphibitors in the different toddy samples.

Results show that even cultures that do not give H,S with toddy (e.g. no. 32) may
produce the enzyme in other media (as shown in the studies with the synthetic
medium). The tendency to produce sulphide also varies from strain to strain, which
is not surprising.

The inhibitory effect of ammonia could be due to either repression of synthesis of
the enzyme cysteine desulphhydrase or to NH,* acting as an inhibitor of the yeast
enzyme (unlike the bacterial enzymeS).

The inhibition of inorganic sulphide formation as weil as the reduction in intensity
of flavour indicates a general ‘sparing effect’ of amino acids, well known in many
alcoholic fermentations, which is probably connected with repression of synthesis
of the enzymes concerned with amino acid degradation. A detailed study of the
mechanism of inhibition by ammonia using cell-free extracts is in progress.

Another interesting point is that bottled sweet toddy (sterilized) produces small
amounts of H,S%. This may be due to incomplete deactivation of cysteine desulph-
hydrase or due to the participation of pyridoxal phosphate (a cofactor in the reaction)
in a non-enzymic conversion of cysteine to H.S, (remembering that the above cofactor
can catalyse trapsaminase reactions in the presence of Fe+, Al3+ and Cu?* at tempera-
tures around 100°). Is this the mechanism for the enhancement of H,S formation
by Fe filings? Work is also proceeding on this aspect.

The study shows that H,S and the consequent odour can be removed by : (1)
usc of selected yeast strains, (2) addition of small amounts of NH, " and (3) addition
of copper turnings or wire into the collection tank or even the still.

The fourth solution is only feasible for distilled preducts and may be applicable in
the cocorut arrack industry when methods of removing H,S during the distillation
procedure are not available.

Addition of NH,*+ (0.01-—0.03 %) at collection points will prevent the formation of
offensive odour of volatile sulphides. So will the use of selected strains of yeast on
sweet toddy. The product will be a more pleasant sweet or fermented toddy, provided
the increased salt content in the former case is acceptable, Distillation products of

2—1406%
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NH,*+ containing fermentation liguors would not have the characteristic flavour
-associated with coconut arrack and may be used as a spirit base for more selective
purposes. Use of selected strains of yeast will be of use not only for the purpose of
obtaining new flavours but also should result in increased yield of alcohol.

This study has not dealt with any aspect concerning organic sulphides in toddy
ferments ; this line of study is worth investigating.
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Conditions for Steady Circulation in Rotating Magnetic Stars
with Finite Electrical Conductivity
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Absiract : It is shown that the conditions for steady circulation derived for perfectly

_ conducting rotating magnetic stars by Chandrasckhar and Mestel may be extended to
fluids with finite electrical conductivity provided that the magnetic flux density belongs
to the class of solutions of the vector wave equation. When the field becomes force-
free it is shown that the stellar fluid and the electric currents must fiow along the same
streamlines in a meridian plane, and that in the case of slow meridian circulations in
stars a steady state might not be achieved with a force-fres field unless the azimuthal
component of the fisld is much stronger than the meridional component.

1. Introduction

The study of stellar structure is difficult when rotation and magnetic fields are present.
It becomes complicated when large scale circulations are set up in the interior,
which may rezct back on the rotation and magnetic fields that drive them. The
easiest approach to this probiem is to study structures in which a steady state has
been reached. In such a state we would expect the rotation, circulation and magnetic
field to be related to cach other in some way. The conditions for steady circulation
in an axisymmetric star, when its material is treated as a perfect electrical conductor
have been obtained by Chandrasekhar! and Mestel.2 The basic equations for a
perfectly conducting system in a steady state are :

cutl (vAB)=0 : §))]
divB =0 2)
and : ' ‘
div (pv) = 0 ' : 3

where B denotes the flux density, p the material density and v the velocity. If we
denote the meridional and azimuthal components using subscripts m and a respectively,

the steady state conditions in the axisymmetric case may be written (Mestel?) in
Gaussian  units as

v'l'ﬂ o= Fc Bn]’ - (4)
k
L e ®)
LiT} ]
L =
ol D sy, | ©
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12 M. Maheswaran

and

whBy
T Amp

2 B
+PkQ("2:__&E’ (7)
where Q is the angular velocity, @ the axial distance, k a scalar, g the permeability
and o, f, ¥ are constants on the streamlines of circulation. Equations (4), (5) and
(6) follow from equations (1), (2) and (3). Equation (7) is derived from the azimuthal
component of the equation of motion, which says that the convection of angular
momentum by the circulaticn is balanced by its transpert by magnetic stresses.
We note that for consistency B, should not vanish.

We note that, though perfect electrical conductivity is a good first approximation for
stars, the actual electrical conductivities are such that the magnetic Reynolds number
Rm is finite and not very large when we consider the Eddington-Vogt circulations
(Maheswaran?®). Hence, it would be useful to consider the extension of the Chandra-
sekhar-Mestel problem for stars where the electrical conductivity is finite. In this
paper we confine our attention to axisymmetric stars with constant conductivity.

2. The Equations

The Magnetohydrodynamic induction equation, in Gaussian units, reads

ﬁ@% =curl (v A B)—curl (ncurl B) ®

where 1 = ¢%/dnps is the magnetic resistivity ; ¢ being the speed of light and o the
electrical conductivity.

We shall consider systems in which v is constant and the magnetic fields decays
like exp (—t/I?), where [ denotes some decay length scale. Writing

B = B, exp (—nt/{?) ' ®
in equation (8) we obtain
curl (v A Bo) = 1 (curl curl By — 7 Bo). (10)

‘We shall refer to the state in which vis steady and B decays as described by equation
(9) as the quasi-steady state.

The problem of finding general solutions of equation (10) is a difficult one, but a
particular solution which is of interest may be obtained easily. We shall consider a
system in which equation (10) reduces to

curl (v A Bo) = 0 = curl curl B, — ;—3 B, (1)
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Conditions for Steady Circulation in Rotating. .. 13
This gives us
1 :
ViB, + 5 Bo=0 | 42

and

vAB =V/ (13)
where f is a scalar function.

Equation (12) states that B, is a solution of the vector wave equation. Hence,
the most general form of B, may be written (e.g. vide Ferraro and Plumpton?, p. 62)

Bo = A curl (ayy) + A, Zcurlcurl (a) _ (14)

where a is a constant unit vector, ¢ is a scalar satisfying the wave equation

f

! 1
Vi EY=0
and A,, A,, are arbitrary constants.

We shall now investigate the conditions for steady circulation that will result from
equations (2), (3), (12) and (13).

3. Conditions for Steady Circulation

In the case of a three dimensional system it is not easy to obtain conditions any
simpler than those expressed in equations (12) and (13). However, considerable
simplification is possible when we look at axisymmetric systems.

3.1. Axisymmetric systems
In an axisymmetric system equation (13) simplifies to

"'m /\ BOm = 0 ] {15)
and s i
Va A Bom -+ Vin A Boa = vf {16)

These equations are the same as for B in the perfect conductor case and therefore
equations (15) and (16) together with equations (2) and (3) yield (vide Mestel®).

Ym = kBGm ; (1?)
i S (18)
{0
and
pvﬂ'l
Pk ok (19)
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14 M, Mahkeswaran

where «, Y are constant on the streamlines of circulation and & is a scalar.

If we take the equation of motion in the azimuthal sense we have

() =P Em V(0w 20

which may be written

exp ( — 2q¢/I2) (E‘iﬂﬁ?.f,\_%}.) e

- VoV { g)‘t_u?' ). {21)
dmpe :

The presence of the time dependent term complicates the problem. However,
if we are interested only in a time scale short compared with the decay time scale i.e
t < < ¥y, we can approximate equation (21) to

1B AB :
" (Eur— ———°) = P¥y " V (Qw?). (22)
4y, i

As in the perfect conductor case we assume that By, does not vanish.  Further,
we shall assume that the field is not force-free, for otherwise the left hand side of
equation (22) will vanish. We shall consider the force-free case separately in the

ensuing section. Equation (22) together with equaticns (17) and (19) yield (as in
Mestel?)

- =L ok Qw2 = - §fdr. (23)

Hence, a set of conditions for steady circulation over time scales short compared
with the decay time scale are given by equations (17), (18}, (19), (23) and (12) together
with equation (9); i.e. a set of cenditions for the finite conductor case may be
obtained by replacing B by B, in the conditions for the perfect conductor case with
the additional condition that B, should beloug to the class of solutions of the vector
wave equation.

3.2. Force-free fields

In the preceding section we noted that if the field was force-free, the left hand side of
equation (22) vanishes. Also, we know that a class of solutions of equations (12)
for B, is that of the force-free fields, which will be given by

CIJL'] .Bo = "':‘ Bo. 1 2 . (24)
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‘Conditions for Steady Circulation in Rotating... 15

It is known that a field cannot be everywhere force-free in an isolated system in
which the field vanishes at the surface (e.g. vide Ferraro & Plumpton?). However,
we may apply our results to a portion of a larger system (e.g. like the radiative region
of an axisymmetric star).

We shall now discuss the consequences of supposing that B, satisfies (24). The
electric current vecter j is given by

1
§— TE‘L;, curl B _ (25)

If we put j = jo exp (- n#/I2) we have from equations (24) and (25) that
jo = Bofdzpul, ' : (26)

Hence, we may write, using equations (17), (18) and (19), which remain unaltered,

¥m = kfom, . (27)
Q- %fﬁa = o (28)
and
pvﬂ‘!
o= TR e ’, 2 29
P I ¥ {29)

where &’ is a scalar and o', 7" are constants along the streamlines.
Equations (28) and (29) together yield

v=Fk'j, ta' w ¢ : (30)

where e ¢ 1s the unit azimuthal vector. This equation tells us that the motion consists

of an arbitrary uniform rotation of each poloidal loop supenmposed on a velocity
k'jo.

When we come to the azitmuthal component of the equations of motion we find that
the earlier condition (23) is altered. The equation of motion now reads

Vi V(Q w2) = 0, (31)

which requires that either v, vanish or the angular momentum per unit mass be
constant along the streamlines. i.e.

V=0 or Qw?=p, (32)

where {' is constant on streamlines.
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Hence, a set of conditions that may be used to obtain systems with steady circulation
is given by equations (27), (28), (29), (32) and (24) together with equation (9).

4. Discussion

Since the form of the steady state equations discussed here are the same as those for
the perfect conductor case their consequences will remain essentially the same except
for the restrictions on the choice of the magnetic field B. Hence, the discussion
provided by Mestel*.5 will be valid in this special case too.

The following cases are worth noting here :
(1) Yy = 0.

When v,, = o we have no circulation. So k =0 =k’ and the apgular velocity
wiil be constant on the field lines which is Ferraro’s law of isorotation.

(i) vy < < va = Qo

This is true for slow circulations (as in the case of the Eddington-Vogt circulations
in stars). In this situation

(@) If B, < B,, we have from either equations (17} and (18) or equations (27)
and (28) that '

£ = constant on streamlines. (33)

Now, if the field is not force-free this will be possible. However, if the field is
force-free, equations (31) and (33) will be inconsistent. So, in this case, in crder to
maintain a steady state the field must not be force-free. We might note that this
applies equally to the perfect conductor case.

(b) If By > > B, such that v, By ~ v, By, then eaquations (18) and (28) retain
their forms and there is no apparent ‘inconsistency.

Hence, we might conclude that in a case where the citculation speed is small
compared with the rotation speed, the field must either be not force-free or, if it is
force-free then BafB., ~ vifvy.

What we have shown in this paper is that the equations of Chandrasekhar and
Mestel for steady circulation in an axisymmetric perfectly conducting rotating
magnetic star may be extended to a fuid of finite conduciivity with the additional
condition that the magnetic fieid B belongs to the class of solutions of the vector
wave cquation and has a uniform exponential decay. However, though these
cquations are convenient for application to models, they represent a situation in
which a characteristic foature of muterial with finite conductivity is absent.  'Whereas
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in the perfect conductor the field lines and the streamlines of circulation must coincide,
we know that in material of finite conductivity the field lines may cross the streamlines.
Therefore, it is likely that this set of conditions will be relevant only for special cases
of rotating magnetic stars. Besides, we should note that in the radiative regions of
real stars the electrical conductivity will change with position.
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Abstract : Forty patients below the age of 40 years with myocardial infarction were
studied with a view to finding the aetiological factors of the disease. The cholestero!
values of the young patients with myocardial infarction were found to be significantly
higher than those of the controls. The lipoprotein profile of young infarcts using
nephelometry showed that the M fraction ( = VLDL) in the patients was significanily
higher than that of the controls. Hyperlipoproteinaerma occured in 45 % of the young
patients with myocardial infarction, W.H.O. type IV being the commonest. Another
interesting feature was that arcus cornea occured in 509 of the young patients with
myocardial infarction. 40% of the patients gave a family history of myocardial
infarction in first degree relatives under the age of 60 years. Obesity, hypertension
and diabetes meilifus are uncommon risk factors in our series. 907 of the patients
had one or more of the risk factors for C.H.D. the major risk factors being smoking
and abnormal lipoprotein pattcrns.

The cholesterol, triglycerides and ‘“M"’ values (VLDL) of the relatives of the
patients with myocardizl infarction were significantly higher than those of the controls.
Elevated VLDL appears to be a risk factor in the young patients with myocardial

infarction.
1. Introduction

Coronary heart disease (C.H.D.) appears to have become a serious problem in
Sri Lanka. For many vears it was considered a disease of middle and old age;
more recently there appears to be an increasing incidence in younger individuals, 14,17
This paper therefore focusses attention on the risk factors present inthose
individuals below the age of 40 years with 2 definite myocardial infarction.

2. Subjects, Metheds and Terminology

The subjects comprised a group of 40 patients below the age of 40 years at the time
of the first myocardial infarction, investigated in the Cardiology Unit, General
Hospital, Colombo, between January and November 1974. Out of the 40 patients,
32 were admitted in the acute stage of the illness, while § patients had well docu-
mented myocardial infarction prior to January 1974, These who failed to survive
following the infarction were not included in this study.

All the patients were questioned with regard to (1) occupation and inccme, (2)
any past history of ischacmic heart disease, hypertension, diabetes mellitus or cere-
brovascular accidents, (3) smoking habits and (4) history of ischaemic heart disease,
diabetes mellitus, cerebrovascular accidents or hypertension among the first degree
relatives. In addition to the above, the females were questioned regarding the use of
oral contraceptives.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

121 PGINT *Feo v

A

AT TN

Ll

=)

INALLI

O i

20 _ N. J. Wailooppillai and D. P. Atukorale

The physical examination included : (1) a full examination of the cardiovascular
system, (2) measurement of height and weight and (2) examination for clinical signs
of hyperlipoproteinzemia such ss arcus corneze, xanthomata, yellow deposits over
palmar creases, yellow papules on skin and muccse, lipaemia retinalis and hepato-
splenomegaly.

In every patient the following investigations were done routinely : (1) fasting
blood sugar and if thisis above 100 mg % or if there was a family history of diabetes
mellitus in the first degree relatives, a gluccse tolerance test 3 weeks following the
ischaemic episode, (2) haemoglobin and packed cell volumes, (3) white blocd ccunt
and differential count, {4) erythrocyte sedimentation rate, (5) plasma proteins, (4)
serum cholesterol by Sackett’s methoed, (7) serum triglyceride using method described
by Laurel! and Scan, after a 14 hour fast, (8) serial E.C.G’s and (9) teleradiogram of
the chiest. The investigations (1)—(5) and (9) were done 2 weeks following the
infarction. If the E.S.R. was persistently high, other laberatory tests to exclude
collagenosis were performed. '

Lipoprotein patterns of the young patients with myocardial infarction, their
relatives, and controls were estimated by membrane filtraticn and nephelornetry. 23,21
This is & simple and an inexpensive method of lipoprotein znalysis. Blood was
drawn after a 14 h fast at least 3 months after the attack of myoccardial infarction,
All the patients were advised to stop all the lipid lowering agents for at least one
month prior to lipoprotein estimation. In this method L particles (chylomicrons,
Sf > 400), were separated from M particles (VLDL, Sf 20—4C0) by membrane
filtration of diluted serum and the concentration of particles in each fraction
quantified by measurement of light scattering intensity (LSI) using the nephelometer
described by Thorp ef al.2*> The concentrations of the three lipoprotein fractions S
(beta fraction, Sf0—20), M{prebeta, Sf 20—400) and L{chylomicrons, Sf > 400),
were calculated from the nephelemetric measurements of i SI and the value of serum
cholesterol, using the equation described by Stone ef al.22 These zuthors have showna
high degree of correlation between tiese estimated values and those obtzined by
analytics! ultracentrifugation.

Twenty patients admitted to Cardiclogy Unit, suffering from noncardiac chest pain,
congenital heart disease, chronic theumatic heart disease and hypertrophic cardio-
myopathy between ages of 20 and 40 years were used as a control group. Ten first
degree relatives of the subjects were also studied.

Glucose tolerance was assessed by conventional criteria. Patients were considered
overweight if their weight was 209 more than normal weight for the respective age,
sex and height 10
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The criteria for the diagnosis of myocardial infarction were the presence of 2 or
more of the following : (1) characteristic clinical presentation (2) pathological
Q waves, ST elevation or T wave inversicn in the electrocardiogram with evolutional
changes and (3) rise in serum aspartate aminotransferase (SGOT) and/or rise in
total level of lactic acid dehydrogense (LDH)} as well as a rise over 70 % of the heat
stable fraction of the LDH.

A person was considered to be suffering from hypertension when there was sustained
diastolic pressure of more than 90 mmHg. Tn each set of cholesterol estimations
made, the laboratory standards and L.C.I. reference standards were estimated as a
check on accuracy. A person was considered to be hypercholesterolaemic if the
serum cholesterol level was higher than 2409 and hypertriglyceridaemic if the
serum triglyceride level was higher than 1409/ respectively. The upper limit of normal
for S fraction was taken as 47 mg% ; the upper linit of normal M fraction was
taken as 470 mg %,

3. Respls
21 Age

The age distribution of the patients with myocardial infarction is given in Table 1,
which shows that myocardial infarction is rare before the age 30. The mean age of
, the group is 34.0 (+ 4.89) vears.

Tante 1. Age distribution of voung patients with myocardial infarct'on.

Age No. of ¢ases Peicentage
20-—24 i 2.5
25 —29 5 12.5
30 —34 11 275
35 — 39 2 57.5
Mean age 34.00 + 4. 259) 40 100.0

32, Sex

There were only 4 females. Male : Female ratio in our group was 9 : 1,

3.3. Occupation

Table 2 shows that the majority of the patients with myocardial infarction belong to
the middle and low income groups. The clerical staff was most commonly
affected, followed by technicians.
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TanLE 2. Occupations of young patients with myocardiz] infarction.

Occupation No. of subjects

Doctors
Executives .
Businessmen
Engineers
Planters

Army Personnel
Priests
Technical Staff
Clerical
Teachers
Stenographers
Housewives
Sailors

Rubber Tappers
Unemployed

!-S[N'—tmmumsu-m--—-hm-h

3.4. E.C.G. Appearances

Seventeen patients developed inferior transmural infarctions and 14 had anterior
transmural infarctions. There was one patient who had two infarctions.

3.5. Risk Factors

3.5.1. Hypercholesterolaemia cnd Hypertriglycerideamia

Twelve patients had hvpercholesterolaemia and 12 had hypertriglyceridaemia
(Table 3). Of these, 5 patients had both hypercholesterolaemia and hypertrigly-
ceridaemia. The cholesterol values of young patients with myocardial infarction
were observed to be significantly higher than those of the controls (Table 4).

TABLE 3. Risk factors in young patients with myocardial infarction.

Risk factors No. of patients Percentage
Hypercholesterolaemia® 12 30.0
Hypertriglyceridacmia® 12 : 30.0
Hypertension 5 12.5
Smoking 27 67.5
Abnormal glucose tolerance 2 5.0
Obesity 9 225
F.H. of LH.ID. 16 40.0

*5 patients had both hypercholesterolaemia and hypertriglveeridaemia.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Myocardial Infarction in Young Ceylonese 23

TFasLe 4. Comparison of serum lipid values among patients with myocardial infarction
and controls.

"~ Young Infarcts _ Control
n = 40 n=20
Mean S.D. Mean S.D.

Age 34.0 4.89 30.0 5.38 P> 01

Systolic 125.0 13.81 120.0 9.43 P> 0.1
B.P. :

Diastolic 78.0° 4.58 78.0 7.35 P> 01
Serum Cholesterol 231.0 50.01 2040  31.37 005> P>0.02
Serum Triglycerides 108.0 106.10 64.0  37.38 0.1> P> 0.05

3.5.2. Lipoprotein estimation

T

Lipoprotein estimation showed that L(Sf > 400) and S(=Sf0—20), values of
patients showed no significant difference when compared to controls (Table 5) ;
the M values ( =Sf 20—400) of patients were significantly higher than those of the
controls. In case of relatives of patients with myocardial infarction, cholesterol,
triglyceride and M values were significantly higher than those of the controls (Table 6).
Table 7 shows that out of 40 patients, 2 had type {la pattern, 3 had IIb pattern, and
13 had type IV pattern indicating that 45% of the young patients with myocardial
infarction had some type of hyperlipoproteinaemia.

TABLE 5. Comparison of serum lipoprotein values of patients and controls.

Young Infarcts Controls
n = 40 n=20

Mean S_D— ’ _Mcan i SD_"

Age 34 4.89 30 5.38 p> 0.1
L{5f over 400) 20 11.75 15 6.48 01> P> 0.03
M(Sf 20 — 400) 450 246.12 306 81.01 0.025 P> 0.01
392 101.54 344 6646 . P 0.1

S(5f 0— 20)

3.5.3. Hypertension

The mean systolic blood pressure for the young infarcts (Table 4)was 125 mmHg (8.D.
13.81) and diastolic 78 mmHg (8.D.4.58) and there were 5 patients who had been
treated for diastolic hypertension in our series. In three of them, blood pressure
returned to normal following the infarction, TIn the remaining 2, persistent diastolic
pressures of 95 to 100 mmHg and 105 to 110 mmHg respectively were recorded
following the myocardial infarction.
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TasLe 6. Comparison of serum lipid and lipoprotein values of relatives of patients

and controls.

Age

Systelic
B.P. ) ]
Dhastolic

Serum Cholesterol
Serum Triglycerides
LiSf > 400

M(5f 20 — 400)
S{S8Ff 0 —20

Relatives of Controls

fa

Yourrl]g_h;e rcts S
‘Mean. 8.  Mean 8D

33.0 4.36 30.0 5.38
124.0 11.49 120.0 943

84.0 5.61 78.0 T35
235.0 20.53 204.0  31.37 005> P> 007
132.0 51.18 640 3738 0.001>P

180 10.72 15.0 6.48 P> 0.1
550.0 29.43 307.0  81.07 0.001 >P
374.0 54.55 344.0

66.46 P> 01

TaBLE 7. Frequency distribution of different types of hyperlipoproteinacmia.

Type of Hypeclipoproteingemia

Frequency distribution
Young myocardial infarction

Classification Mumber Percentage
SML WHO recommended
S la 2 56
SM 4 MS lib 3 7.5
M+ ML v 14 32.5
ML* k' 0 0

*ML patterns in which the larpe particles (S>> 400) concentration exceeded

100mg/100ml.

3.5.4. Cigaretie Smoking

There were 27 smokers and 13 non-smokers (Table 8).
gave a history of cigar or pipe-smoking. Sixteen patients gave a past history of
smoking less than 20 cigarettes a dav and 7 bad smoked over 3 packets (30 cigarettes)

a day for several years. i

3.55. Digberes Mellitus

There were only 2 cases of diabetes mellitus confirmed by glucose toierance test.

There were no patients who

Both were mild diabetics and were controlled on diet alone.
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TaBLe 8. Prevalence of cigarette smoking in young patients with myocardial infarction.

No. of cigarcttes smoked No. of subjects
per day.
Less than 20 16
20— 30 4
Over 30 7
27

TaBLE 9. Clustering of risk factors in patients with myocardial infarction.

No. of risk factors

No. of subjects Percentage

present
0 4 10.0
1 12 30.0
2 11 27.5
3 10 25.0
4

3 7o f

3.5.6. Family History

Sixteen patients gave a history of myocardial infarction in first degree relatives under
the age of 60 years. Of these, 8 patients gave a history of myocardial infarction in
2 or more of their first degree relatives. Six patients gave a family history of diabetes
mellitus among first degree relatives ; there were no cases with a family history of
hiypertension.

3.5.7. Obesity
Nine of the 40 patients had obesity.
3.5.8. Haemotécrit, Sedimentation and Plasma Proteins

Estimations of haemoglobin and packed cell volumes were done in all the cases.
These values were found to be within normal limits. Erythrocyte sedimentation rate
and plasma proteins were within normal limits.

3.5.9. Areus Cornea and Xanthomaia

Twenty patients bad arcus corneae and 5 patients had xanthelasma. Tuberous
xanthomata were seen only in 3 patients. There were po patients with yvellow
papules over the skin or yellow palmer creases or with lipemia retinalis. Two
patients had slight hepatomegaly but they gave a past history of alcohol consumption.

4—14069
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4. Discussion

It has been recognised for many years that ischaemic heart disease is an uncommon
condition under the age of 40. A review of recent literature emphasies that more
and more frequently coronary heart disease is diagnosed in young adulis14,17,24

In Sri Lanka myocardial infarction occurs on a backzround of atherosclerosis.®
Table 3 shows that well known risk factors such as hypercholesterolaemia,
hypertriglyceridaemia, hypertension, smoking, obesity, abnormal glucose tolerance
and family history of ischaemic heart disease in first degree relatives were quite
common in this group of young infarcts.

Table 9 shows that a majority of patients had more than one risk factor. In 4
patients there was no obvious risk factor and in 12 patients, only one risk factor was
present. :

Diabetes mellitus has often been suggested as an important explanation for the
premature development of ischaemic heart disease.” In our series only 5% of the
patients had evidence of abnormal glucese tolerance. In the serics reported by
Oliver,1? only 4 out of 94 patients had abnormal glucese tolerance. In our series
only 12.5% of patients gave a past history of hypertension. Thus hypertension
and diabetes mellitus are uncommon risk factors in our series.

The effect of obesity on the incidence of corcnary heart disease remains uncertain.
French and Dock® analysing the clinical and pathological features of 80 fatal cases
of young soldiers between 20 and 36 years revealed that the most striking presumable
predisposing factor was overweight which was present in 91 9 of the cases and the
basis of the coronary occlusion was found to be arteriosclercsis in all cases. Ancel
Keys and his colleagues® suggested that neither relative weight nor obesity assessed
by skinfold thickness had any significant effect on future coronary heart disease if the
elfects of increased age, serum cholesterol blood pressure and smoking were cliscarded.
Authors of the Framingham study predict that for each 109, increase in weight,
there is a 30 % increase in the incidence of coronary heart disease. 9 (22.5%) in our
series were obese and the itcidence of obesity is higher than in an earlier series
reported from Sri Lanka.!

In our series, 12 patients (309) had hypercholesterclaemia and 12 (30%) had
hypertriglyceridaemia (Table 3). Of these, 5 had beth hyperchloesterolaemia and
hypertriglyceridaemia. The cholestercl values of the young patients with myccardial
infarction were observed to be significantly higher than those of the conirols (P<.05)
whereas comparison of the triglyceride levels of patients with controls showed no
significant difference (P=05). Lewis and colleagues'® too, found a similar incidence
of hypercholesterolaemia and hypertriglyceridaemia in their coronary patients of
the age group 26 to 39 years. There can be liitle doubt that an increase in cholesterol
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and triglycerides levels predispose to overt and early appearance of clinical corenary
disease.l0 There is evidence that in younger patients with 1. H.D. hypercholes-
terolaemia is a commoner abnormality than in older patients.!® A prospective
study in Stockholm found that the occurrence of new evenfs in coronary artery
disease were linearly related to inmcreased triglycerides, . cholesterol and smoking
and not to an increase in weight/heicht index.! Valentine ef /2! investigated the
angiographic apnearances of coronary arteries in 40 patients below the age of 40
years with documented cardiac infarction and found an association between
elevation of triglyceride levels with the more severe and more diffuse type of occlu-
sive process. Raised triglyceride values were interpreted to be an independant risk
factor for LH.D. in 2 recent prospective surveysl,l® but not in others.?

Estimation of the lipoprotein prefile of young infarcts using nephelometry showed
that the M fraction (VLDL, Sf 20—400) in the patients was significantly higher than
that of the controls (P< .02) In the series reported by Lewis e al.1 increase in the
VLDL (M) fraction was the most pronounced abnormality detected in the young
coronary patients and VLDL cholesterol contributed substantially in some patients
to the total serum cholesterol. There is controversy regarding the changes in M
fracticn following an acute myccardial infarction. Smith!® reported a rise in trigly-
ceride rich prebeta (M) fraction reaching a maximum in 3 to 5 weeks after cardiac
infarction. Dodds and Mills? confirmed these findings and showed that retumn to
normal levels occured after the 8th week. The lipoprotein estimation in our cases
was perforimed at least 3 months after the attack of cardiac infarction. The signi-
ficantiy high M(Sf 20—400) levels in our cases suggest that elevated M fraction may
be a risk factor for coronary heart disease in young Ceylonese.

Another interesting feature in our series is that the triglyceride values and the M
fraction of the relatives of the yvoung infarcts were significantly higher than those of
the controls, (P <.001) whereas the triglycerides of the patients were not significantly
different from *hose of the controls (Tables 4 and 6). It is probable that the patients
had modified their diet during the first 3 months following infarction to alter their
triglyceride values from what prevailed befcre the infarct. If we assume that the
dietary habits of the young patients with myocardial infarction and their relatives
are similar, then the patients might have made drastic changes in their diet, since

their “attack” to lower their triglyceride values in particular, whereas the relatives
£ 1

who had not been adequately motivated to alter their diet would show triglyceride
values higher than those of the controls.

Table 7 shows that there is a very high prevalence of byperlipoproteinaemia as
assessed by membrane filtration and nephelometry.® Type IV hyperlipoproteinaemia
appears to be the commonest type, and 459, of our patients showed some
lipoprotein abnormality. Our series is similar to the series reported by Stone
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and Dick!® who. using the same method of lipoprotein estimation found that
209 of his control group and 40 9 of the ischaemic heart disease patients had hyperli-
poptoteinaemia, type IV (W.H.Q.) being the commonest.  The method of membrane
filtration and nephelometry has been shown to produce reproducible analysis in
different laberatories.2! The same authors have compared the results of
analytical ultracentrifugation with those obtained by membrane filtration and
nephelomtery and bave demonstrated a high correlation (r = 0.96) between ultracen-
trifugation and nephelometric measurements. In, the series reported by Lewis ef gl 19,
out of 15 patients under the age of 40 years 11 had hypetlipoproteinaemia, the
commonest abnormality being type IV. The high incidence of hyperlipoproteinaemia
in young infarcts has not been reported previously from Sri Lanka.

Paul and Siegel't in a study of 19 cases of myccardial infarcts below the age of
40 years found that 939 of the patients were cigarette smokers.  Serum cholesterol
was higher in the patients compared to the controls. The bleod pressures were not
very different although the diastolic pressures were higher in the coronary group.
A family history of cardiovascular disease and diabetes occurring before the age of
65 years was found in approximately half the coronary group. Qur group is similar to
the series reported by Paul and Siegel'in that cigarette smoking, hypercholesterolae-
mia and pesitive family history are common findings in both series (Table 3).

Arcus corneas below the age of 40 vears is associated with premature atherosclerosis.
In our serics 20 (50%) had arcus corneae. Three patients with type II hyperlipo-
proteinaemia had xanthomata in addition to arcus corneae.

The most striking feature in our series is that 909 of the patients had one or
more of the risk facters for corcnary artery disease. The major risk factors in our
group were smoking and -abnormal lipoprotein patterns.
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(Paper accepted : 17 March 1975)

Abstract : The parameters possibly influencing the performance at examinations are
discussed. After a simple analysis, the results of a particular examination are discussed
in terms of these parameters. This discussion reveals the need for the definition of a
¢ Standard Performance Range’.

1. Introduction

The main purpose of this paper is to increase the understanding of the machinery of
examinations. In order to achieve this, the parameters possibly influencing the
‘performance’ at an examination are postulated. This is followed by a general
discussion of these parameters and a discussion of general remedial measures against
unfavourable influences of these parameters at examinations. A need for the
introduction of definitions of ‘performance’, etc. is immediately felt and these are
provided in the Appendix.

This is followed by a very simple analysis of the Final Part 1 Examination in
Engineering of the University of Sri Lanka, Peradeniya Campus held immediately
after a change in Regulations and Syllabus. The analysis reveals certain
inconsistencies. Guide lines are therefore suggested for the maintenance of a certain
degree of consistency.

2. Parameters influencing end of year Examination
2.1.

In this paper, examination is viewed in its role in ranking students belonging to a
particular batch and in deciding on pass/fail. Feed back information for teaching,
etc. are not considered. The rank and pass/fail of candidates depend on their
performance in individual subjects and also on the examination as a whole. The
performance in a particular subject at an examination depends largely on :—

(i) standard of paper

(ii) standard of marking
(iii) attitude of examiner towards candidates

(iv) examination temperament of candidates

{v) attitude of student towards subject

(vi) nature of the subject
(vii) foundation in allied subjects in the previous vears,
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The first three are in the domain of influence of the examiner, the fourth and fifth
in that of the candidate and the last two depend on the subjects. At this stage,
it does not appear to be possible to determine the exact degree to which each of
the above factors influence performance.  Factors like (vi) which are pot totally
independent of the other factors would make this kind of analysis extremely
difficult if not impossible.  But an analysis of the performance at an examination,
influenced to varying degrees by these factors, can increase our understanding to
enable us to formulate in the future a reasonable Mathematical model.

In this context, if it is assumed that (i) — (v) and (vii) are conducive to a “standard
performance’, any unusual perfcrmance ( see Appendix ) in any particular subject or
subjects may be aitributed to the difference in the nature of the subject or subjects.
The existence of this kind of difference is seen from the example of distribution
curves for subjects in a School Certificate Examination obtained by Crofis and
Jones' as shown in Figure 1,
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Figure 1. Shows two distinct groups of subiccts.
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In this example, the subjects fall into two distinct groups. The curves are flatter
for subjects like Mathematics and Science and they are peaked towards the centre
for subjects like History and Art. In the latter case a very large number of candidates
get marks in a range abeout 45, In the former, there is a wider spread with the
possibility of very high and very low marks. These differences in curves are reported
by Crofts and Jones to be persistent. Furthermore, it is found that the coeflicient of
rank correlaticn (sce Appendix) between examination and class performance
(continual assessment) is as small as 0.75 compared with 0.85 for the former (flatter
curves). These are due to inherent differences in the subjects.

In the event of the existence of two distinct subject groups as described above, the
following difficulties arise :—

(i) Assume that in an examination only one subject—subject A (say)—belongs
to that group where it is difficult to score high marks. If this examination
is a competitive one, in which case the rank of candidates is important,
then those not offering A will be at a definite advantage over the others.

(ii) This can also affect the ‘doubtful cases’ because subject A with only low
marks will reduce the average which has an influence on the decision of
the board of examiners.

A conscious effort to remove these difficulties must be evident in any examination
system. Haying established the nature of the subjects in an examiration we/can lay
guide lines for consistency in (i}—{(v).

2.2. Examiner : "

(i) and (ii) are dependent on the examiners. Assuming that (iii}—(vii) do not have
any adverse influence on the examination, it is reasonable to expect a fair degree of
consistency in performance in a particular subject. This would be true provided the
different batches are statistically equivalent and that the standard of the subject has
not changed drastically. If this position is granted, a useful guide would be to
compare the performance in any examination against a ‘model performance range’.
This is discussed in the sections to follow.

2.3. Candidates

Poor performance due to (iv) can be alleviated by continual assessment of the students
in the different subjects. It can take the form of tests in course units or its equivalent
in the form of tutorials. On the results of this, and the end of year examination, it is
possible to determine the coefficient of rank correlation between continual assessment
and the final examination. If in a particular examination this ‘coefficient’ is large
enough, then a student who has just failed to obtain the pass mark can be pushed
up on the strength of the continual assessment marks.

It is difficult at this stage to formulate guide lines against failings in (iii) and (v),
but it is hoped that the elimination of discrepencies in (i), (ii), (1\») (vi) and (vii) will
alleviate failings in (iii) and (v).

6-—14069
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Figure 2. Freguency distribution for July 1969 Examination.

3. Analysis of Part I (New Regulations) results

Figure 2 gives the frequency distribution curve for the averages obtained by the
students in the July 1969 examination. This was the first time that this examination
was held. The parameters for the averages are as follows :

Arithmetic Mean = 39.0 1 UQ-Median = 7

Median = 38.0 Interquartile Range = 14
Mode = 34.5 Quartile Deviation = 7
Lower Quartile (LQ) = 31 Standard Deviation = 12.45
Upper Quartile (UQ) = 45 Third Moment = 0.99*
Median-LC = 7 i Fourth Moment = 3.69*

*Third and Fourth Moments for a Normal Distribution are 0 and 3 respectively.

These show that the average representative of the group is 39% and the average
most frequently awarded is 34.5%. But the distribution is fairly symmefric about
389. Thusa symmetric distribution has been cobtained at the cost of an unusually

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

On Examinations 35

very poor performance. The performance at this examination as measured by the
averages is shown by curve A of Figure 3. The performance in the August 1970
examination, of only those who failed the July 1969 examination, is shown by curve
B. It is seen that the performance is better in the whole range of the averages.
This is very unusual assuming consistency in (1)—(vii). A slightly better performance
in a small range about 40%, would have been a reasonable result. This is seen
in the case of the August 1970 first time failures repeating the examination in March
1971 as shown by curves C and D of Figure 3.

100

70 -

60 -

50

PERCENTILES

40 L

30 |

0 70 80 0 100
MARK S

Iigure 3. A—Part I, July 1969 ; B—Failures of Part ! July 1969 sitting examination in
August 1970 ; C—Part I, August 1970 first attempt only ; D—Part I Repeat Examination
March 1971.

The performance at the August 1970 examination is a big improvement on the
July 1969 examination. The performance in each of the five subjects at the July
1969 examination is shown in Figure 4. All except subject 4 have comparable
performance. The general performance of the batch determined by the percentile
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curve of the averages AV as shown in the figure has been greatly influenced by
subject 4. Figure 5 shows the performance curves in the different subjects of the
August 1970 examination. The performance range of the subjects is fairly wide
and there is no substantial agreement in performance in any two subjects. There
are extreme qualities in performance like subject 4 at one end and subjects 1 and 5
at the other. With this wide variety in quality of performance, it is very unlikely
that tests in all subjects have been successful in the just fulfilment of their roles. This
shows the need to define a ‘Standatrd Performance Range’.
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\ Figure 4. The percentile curves for subjects 1 to 5 and average AV of
' the July 1969 Examination.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

On Examinations 37

100

AN

70 -

50 b

PERCENTILES

30 +

20

i d AL i 4

¢ 10 20 30 40 50 60 70 80 90 100

MARKS

Figure 5. The percenlile curves for subjects 1 to 5 and average AV of
the August 1970 Examination.

4. Suggestions

A ‘Standard Performance Range’ for the Part I New Regulations examination as a
whole may be obtained from the analysis of the averages of an ‘equivalent examination’
the results of which over a long peried of time, are already available,. When any
examination performance falls outside this rangei.e. when the performance is unusual,
it is advisable to analyse the results in order to ascertain which of the parameters has
influenced it. If it is possible to establish this, then a method of bringing the per-
formance to within the ‘Standard Performance Range’ — standardisation — may be
found. This may also be achicved by determining the ‘Standard Performance Range’
for each subject ; and ensuring — if possible, after analysis of results —that the
performance in each subject falls within its subject performance range. This in
itself will not ensure that the performance in the whole examination will fall within
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the Performance Range of the whole examination, if one of the subjects is influenced
by parameter (vi). In this case, in order to surmount difficulties (i) and (ii) discussed
in section 2, the marks in this subject should be weighted. The weightage can be
determined using the percentile curve of this subject and a percentile curve—to be
chosen— in the ‘Standard Performance Range’. If it is found that it is not possible
to do any of these in order to correct an unusual examination performance and
therefore since the examination has failed in its role, then the only course open is to
repeat the examination. This defines a repeat examination.

5. Conclusions

The traditional end of year examination is still the only method of assessment in
many institutions in Sri Lanka. Even if other methods of assessment are introduced,
there are compelling reasons for the continued existance of the traditional examination
as a major assessment method. It is therefore essential that it is made more reliable.
The gradual evolution of a *Standard Performance Range’ is therefore of paramount
importance to any educational institution. The author expects the ‘Standard
Performance Range’ to be different for different institutions.

A major assumption in this paper is that the different batches of students are
statistically equivalent. In this context, the ‘Standard Performance Range’ can
mdicate any sudden change in quality of students enfering the institution. The
author hopes to show a method of determining a ‘Standard Performance Range’
in a subsequent article.

Appendix
Definitions

The mth percentile, Pm, of a frequency distribution is the value of the variable x,
that corresponds to the cumulative frequency, m per cent of N.

In the problem considered, x = percentage marks/average, m = percentage of
students obtaining a certain percentage of marks/average, N = total number of
students.

Ranked Data

Data arranged in order of relative magnitude or importance is called Ranked Data.
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Coefficient of rank correlation

This is defined by the formula (Spearman formula)

6na? :
NN -1)

re = 1-

where d is the difference between any paired ranks. The value is restricted to the
range — 1 < re < + 1. No assumption concerning underlying distribution of
variables is made.

New Definitions

The performance of a group of students in any subject or in the whole examination is
defined in terms of the Percentile Curve (Orgive Curve). Two such curves can define
the boundaries for a range of performance. Performance in a subject/examination
is said to be Standard if the Percentile Curve falls within this range. If it falls outside
this range then performance is said to be Unusual.
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Abstract : On preparation of manioc starch, bound cyanide is converted to free
cyanide and removed with the wash water. Whereas, aging of moist manioc chips
leads to a decrease in total cyanide content, aging of whole tubers results in increased
total cyanide content of the flours prepared by these processes. The cyanogenic
glucosides of manioc fHour are partly lost when bread and ‘roti® are prepared. How-
ever, ‘roti’ contains free cyanide. Preparation of “pittu’ from manioc flour and fried
manioc chips from fresh manioc gave products with negligible free cyanide but nearly
the full amount of bound cyanide. The above results are discussed in terms of the
linamarin-linamarase reaction.

1. Introduction

Manioc contains cyanogenic glucosides and also the enzyme (linamarase) which
causes its hydrolysis. In the plant material the enzyme and glucosides are localised
such that they do not interact unless the cells are damaged. When this occurs, reactions
take place which result in the liberation of cyanide.2

Traditionally manioc has been consumed in this country in the form of the boiled
product (the cyanogenic glucoside content of boiled manioc has been reported pre-
viously?). However, the manioc tuber has poor sterage characteristics and in addition
to quick microbial spoilage, it has also been reported that the cyanide content of the
tuber increases on keeping.® In this study we present results that are consistent with
the above report. As a result, it is clear that if manioc is to be used extensively, it must
be processed to a form with better keeping qualities.

The two main forms of processed manioc are starch and flour. Starch is the product
of a wet extraction process of manioc and contains very little cyanide,* while flour
prepared by a dry-milling process contains considerable quantities of cyanogenic
glucosides when no special detoxification process is used.* Manioc flour would be
used in preference to manioc starch as a substitute for wheat flour in several bakery
products and other traditional types of food such as ‘roti’, * pittu’, etc. because of
its lower cost. Although methods of detoxifying flour were availatle, the flour used
for cooking purposes usually contains sizeable amounts of cyanogenic glucosides.

*This paper forms a part of the Ph.D. thesis (University of Sri Lanka, Colombo Campus) of
Nirmala Pieris.
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In this study, the effect of cooking processes such as frying, roasting, baking and
steaming on the cyanogenic glucosides of the manioc flour used has been investigated.
The fate of bound cyanide when starch is prepared and also when manioc is
processed after aging of the moist chips has been studied.

All assays have been done after enzymic hydrolysis of cyanogenic glucosides using
excess linamarase to ensure complete hydrolysis*

. 2. Experimental
2.1. Sampling
2.1.1. Tubers for aging experiments (for section 3.3)

Manioc (50 to 60 Ibs) of the same variety was harvested with supervision and divided
at random into 10 batches each containing 5 to 6 lbs. Each baich contained about
10 tubers. Two batches were processed for each experimental point.

2.1.2. Sampling of chips (for section 3.2)

Method (1) : Manioc was sampled by the method of quartering described earliert
which were uniformly chipped to give 2 samples of similar cyanide content.

Method (2) : Manioc (about 20 lbs) was chipped and sampled into batches as
described.? ' :

2.2. Preparation of manioc flour

The manioc chips (spread out as much as possible to give quick drying) were dried
in a forced draft oven at 55° C. For aging experiments, each experimental point was
done in duplicate. The dried chips (of each sample) were powdered separately and
the total cyanide content determined. Flours for the preparation of * pittu’, “roti’
and bread were assayed and used after sieving (6004).

2.3. Preparation of manioc starch

Manioc starch was prepared by homogenisation of the peeled, washed manioc
tuber (approx. 600 g) with 1 litre of water in a Waring blendor. The starch milk was
sampled for total cyanide determination and separated from the pulp by sieving to
give the Ist pulp wash. The pulp was washed twice with similar volumes of water
and sieved cach time to give the 2nd and 3rd pulp washes. The remaining material
which does not pass through the sieve (unbroken cellular material) is termed the
pulp waste. After the specified time, the wash water of each pulp wash was separated
from the starch cake to give the Ist starch wash waters. Each starch cake was resus-
pended in water and left to settle to give the three 2nd starch washes. Free and bound
cyanide were determined on each of the starch washes, the pulp waste and starch (on
the former directly and on the other two after drying in a forced-draft oven for 24 h).
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2.4. Preparation and sampling of cooked products

Manioc bread (30 %/ manioc flour and 70 %, wheat flour) was prepared by incubating
the mixture (containing yeast and other requirements) for 3 h and 5 h and baking
at 220°C for 25 min. A wheat flour bread control was used as a blank. The bread
crust (~ 1 cm) was separated from the rest of the loaf and both types of sample
were cut into pieces about 1 cm cube. Random samples containing about 10—I15 g
dry weight were withdrawn for cyanide and moisture determination.

Manioc ° roti > was prepared by mixing manioc flour and scraped coconut in the
ratio of 2 : 1, A small amount of water was added to give the correct consistency and
the mixture made into a mass of approximately 1 cm thick and 15 cm diameter
and left to stand (for the given time) before roasting. Roasting was done on an alu-
minium plate heated by a direct flame, a little coconut oil being smeared to prevent
sticking. After the roasting process, the roti was cut up into pieces of about 1 cm
square and random samples were withdrawn for analysis. Parallel wheat flour
samples gave no blank values on assaying for total cyanide.

Manioc pittu was prepared using a 1 : 1 mixture of scraped coconut and manioc
flour. Water was added to the mixture until discrete pellets formed and the mixture
was immediately introduced into a steamer of about 7 cm diameter and 20 cm long
and the pittu steamed for 15 min over boiling water. The pittu was then crushed
and sampled for analysis.

Fried manioc was prepared by frying chips approximately 2 mm thick in coconut
oil until slightly brown in colour (moisture level of 1—2%). The fried chips were
powdered for the determination of free and bound cyanide, moisture and linamarase
activity. :

2.5. Determination of free and bound cyanide

This was done by the methods described.? However, for studies on cooked manioc
products, about 300 units of linamarase were used on samples of about 15 g dry
weight.

2.6, Linamarase activity

In this study we have attempted to gauge the relative linamarase activity of samples
of flour by estimating the amount of cyanide released at fixed intervals after incubating
10 g dry weight of flour with 100 ml of water. This is not the absolute linamarase
activity as the substrate linamarin (in the material) is not saturating. There also
appeared to be a time-lag for this reaction possibly for the absorption of water by the
flour. We would prefer to call this set of data an ‘ enzyme activity index* and it is
felt that this index is more significant than absclute linamarase activity in this instance.
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3. Results
3.1. Fate of cyanide in the preparation of starch

Results showed that more than 80% of the glucoside was converted to cyanide
and removed in the wash water (Table 1). Results of other experiments showed that
complete conversion of the glucoside to cyanide may occur as early as 4 h after dis-
integration of the cells (depending on the material used). It was also found that both
the pulp waste and the starch, after drying in a forced-draft oven, contained only
small quantities of total cyanide.

TasLe 1. Fate of cyanide during processing of manicc to

starch.
Cyanide
~mg/kg Tuber (fresh wi)
Pulp wash  Starch wash Free Bound
1st Ist 117 <3
2nd 1st 13 =<3
3rd 1st <3 <3
1st 2nd 4 S
2nd 2nd <3 e

3rd 2nd <3 —_

The original manioc sample contained 163 mg CN—/kg
fresh weight. The pulp was washed 3 times (Ist, 2nd and
3rd pulp washes) and sieved and left to settlefor 24 h. The
supernatant (1st starch wash) was tested for free and bound
cyanide and the starch cake resuspended in water and left
to settle for a further 24 h for the 2nd starch wash.

— not determined.
3.2. Effect of aging of moist chips

These experiments were dene to check the commonly believed hypothesis that
moist chips on aging followed by drying gave reduced total cyanide levels in the flour
prepared from it. The experiments were done with two methods of sampling. Both
methods resulted in the duplicate samples of flours giving total cyanide levels that
tallied to within 159 error. Table 2 shows the results obtained using sampling method
1. Each batch originated from different manioc samples and a strict compariscn on
the effect of aging cannot be made from one batch to another due to differences in
enzyme levels from batch to batch. The results show that there is a progressive loss
of cyanide with aging. A similar conclusion was reached with method 2 of sampling
(Table 3) where all points were obtained from the same batch of manioc. It must be
noted, however, that although 16 to 24 h aging results in the loss of a large part of
the cyanide, the chips frequently showed sliminess and odour associated with bac-
teriological spoilage. :
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Tase 2. Effect of aging moist manioc chips.

Total cyanide
mg/kg (dry wt)

Time of Tnitial Final
Batch No. aging (h) (no aging)

1 4 233 246
2 4 134 114
3 g 288 134
4 8 349 154
5 16 334 176
6 16 267 86
7 24 350 74
8 24 157 42

Manioc was sampled by method 1, chipped, dried
at 55°C for 24 hin a forced draft oven and powdered after

which total cyanide was determined. W

TapLe 3. Effect of aging moist manioc chips.

Total cyanide mgkg

(dry wt)
Time of aging (h) A B
0 179 153
4 148 151
g 118 134
16 75 73

24 33 32

Manioc was sampled as in method 2, chipped,
dried at 55°C for 24 h and powdered. Duplicate
samples (A and B) were tested for total cyanide afier
aging (room temperature).

3.3. Aging of manioc tubers

This set of experiments was done in order to determine if the total cyanide content
of manioc flour was affected by the aging of the tubers. Results obtained showed that
duplicate preparations of flour showed deviations on some cccasions. It was felt that
this was due to inadequate sampling of tubers (the cyanide content of tubers varies
very widely and therefore a representative sample of tubers can be obfained by using
a very large number of tubers per sample}. However, the results obtained (Table 4)
show a definite trend of increased cyanide content, the magnitude of which tallied
with the findings of Rajaguru.®
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TasLe 4. Effect of aging manioc¢ tubers.

Totz;.I cyanide
mg/kg (dry wt)

Time of aging A B
Batch (h)

1 1 - 102 106
6 . 147 104

11 166 129

24 136 151

i1 137 157

2 1 70 92
24 134 159

48 150 121

72 152 216

96 187 198

Duplicate batches of mamoc tubers (A and B)
sampled as in methods (Section 2.1.1) were chipped,
dried at 552 C for 24 h, powdered and total cyanide
determined afier aging for the above periods.

TaBLE 5. Cyanogenic glucoside content of manioc
‘rot1’,

Cyantde in ‘roti’
Incubation time mg/kg manice flour (dry wt)

Batch {min) Free Bound

A 10 24 44
20 16 35

30 24 14

B 0 15 63
30 13 48

60 21 36

C 0 29 29
30 38 08

60 25 06

120 32 08

Original flour for Batches A, B and C were 138, 106
and 106 mg CN—/kg (dry weight) respeciively. ‘Roti’
was roasted after incubating the flour—coconut mixture
for the above times.
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3.4. Cyanogenic glucoside content of manioc ‘roti’

Preparation of ‘roti’ (roasting) using samples of manioc four of known total
cyanide content showed (Table 5) that there was: (1) a loss in bound cyanide and
(2) an increase in free cyanide. The loss of bound cyanide increased with (i) time
of incubation before roasting and (i) linamarase activity of flour (Table 6). The
prepared roti (after roasting) contained no linamarase activity,

TapLE 6. Enzyme activity index of manioc flours.

Time of Cyanide liberated
Batch incubation (min)} mg/kg (dry wt)
A 0 14
15 15
30 49
60 73
B 0 18
15 31
30 49
60 56
C 0 08
15 38
30 71
60 9z

Batches A, B and C were the same as those given in
Table 5. Cyanide liberated by linamarase present in the
flour was determined afier incubation for the abovetimes.

3.5. Cyanogenic giucoside content of manioc bread

A similar loss of total cyanide was observed on baking.  The loss in the crust was
more than that in the inner portion of the bread (Table 7). This reduction is possibly
due to the decomposition of the glucoside (which undergoes thermal decomposition
at ~ 150°C) ; the temperature of the surface of the bread being higher than the
inner portion by more than 100°C.

3.6. Cyanogenic glucoside content of manioc *pittu’

‘ Pittu* (which is prepared by a process of steaming) was found to lose very little
total cyanide (Table 8). The preparation was steamed immediately after mixing.
Pittu samples had, when present, relatively small amounts of free cyanide and no
linamarase activity,
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TasLE 7. Cyanogenic glucoside content of manioc bread.

Time of Total cyanide
fermentation Part of bread mg/kg manioc flour
(h) analysed (dry wt)

3 Crust 47

53_

3 Crust 40
30

3 [nner poriion 97
: 103

3 inner poriion 104
106

Manioc flour samplo used contained 196 mg total CN kg

(dry weight). Wheat flour blanks were equivalent to 5and 7

mg CN—/kg for the crust and inner portion of the ‘bread
respectively.

TaABLE 8. Cyanogenic glucoside content of manioc ‘p.ttu’,

Cyanide, mg,-f_l::;; manioc flour

(dry wt)
. Free cyanide in Bound cvanide
Batch Original flour ‘pittw’ pittu’
B 106 ! N.D. 101
C 106 N.D. 89
D 178 09 124

‘Pittu’ was prepared without an incubation pericd. The
product did not have linamarase activity.

N.D. Not detected.

3.7. Cvanogenic giucoside content of fried manioc chips

Maniocc chips (50 to 60 % moisture) on frying also did not lose significant amounts
of totzl cyanide when the final moisture content was 1 to 2%;. However, on overfrying
some loss of cyanide was observed probably due to the thermal decomposition of the
glucoside {Table 9). In this case too: very small amounts of free cyanide were present
in the product. Linamarase activity was absent in the fried chips.
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TaBLE 9. Cyanogenic glucoside content of fried manioc chips.

Total original cyanide Free cvanide  Bound cyanide
mg/kg (dry wt)  mg/kg (dry wt) mg/kg (dry wi)

1. 105 3 103
2. 107 03 1%
3, 454 12 407

Sampling was done by method 1. Fried chips were tested for free
and bound cyanide. Fried chips did not contain linamarase activity.

#Chips were charred.

4. Discussion

The fate of bound cyanide in manioc and its products depends mainly on one factor,
viz. the linamarin-linamarase reaction. The reaction is dependent on * (D) enzyme
substrate contact, (2) enzyme activity of material and (3) rate and extent of
deactivation of enzyme (reversible deactivation by drying of material or irreversible
deactivation by denaturation heating in liquid medium). In specialized instances, as
in the soaking of the dried chip, permeability of the tissue to the glucoside is also
significant.? The absence of free cyanide in products depends mainly on how much
the system is heated, not only for removing free HCN but also for the thermal
decomposition of the cyanohydrins.

Results of experiments described in this paper and those described previonsly?
show that fast drying prevents enzyme activity. This results in no significant
hydrolysis of the glucoside and therefore a product (dried chip or flour) with the full
complement of bound cyanide as well as an enzyme system that can be reactivated
by moistening. It is this type of flour which is generally used for cocking purposes,

Preparation of flour by the method of keeping in the shade for 24 h causes the loss
of 60 to 809 of the bound cyanide (increased enzyme substrate contact due to auto-
lysis of the tissue) but levels of total cyanide are greater than that observed by the
process described carlier;® in addition flour obtained by this method may not. be
bacteriologically suitable for human consumption.

Use of flours containing linamarase (that can be activated) in addition to bound
cyanide is not desirable for cooking purposes unless either the enzyme is deactivated
before or during cooking and any free cyanide is driven off by the cooking process.

This appears to be the ease with manioc © pittu * and with fried manicc chips which
contain high levels of bound cyanide (quick deactivation of linamarase) but no signi-
ficant amounts of free cyanide (any free cyanide being driven off by cocking).
Although the relative absence cf free cyanideis encouraging it is felt that it would be
far more desirable if the bound cyanide is also eliminated before the flour is used.l

85— 14069


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

50 Nirmala Pieris and E, R, Jansz

The situation with manioc ‘roti* is more serious as the final roasting does not
remove the free cyanide formed. The experiments on ‘roti’ clearly illustrate that
the factor involved is the linamarin-linamarase reaction. The enzyme activity index
of the flour used was C > A > B. This tallicd with residual bound cyanide in the
“ roti * which was in the order of B> A = C. The experiments also clearly illustrate
the effect of incubation time on the system. Free cyanide levels in the ‘roti” do not
have any fixed trend. This is understandable as the level of free cyanide is dependent
on the amount of heat the material is subjected to, which, in these experiments,
canpot be effectively controlled.

The experiment with manioc bread, in addition, shows the effect of temperature
on total cyanide content. The outer crust of the bread is subject to a very high
temperature which no doubt causes the lower total cyanide content of the crust
in comparison to that of the inner part of the bread. Whether this is due to thermal
decomposition of the glucoside or of the cyanohydrin or both is still under
investigation,

The results concerning the aging of tubers is consistent with the general idea of old
manioc being more toxic than fresh manioc ; the total cyanide levels of the flour
show a general trend of increased cyanide content with aging. Inadequate sampling
reduces the values of these results, but the trend closely resembles that reported by
Rajaguru® recently. Increased cyanide in the unpeeled tuber could be caused by
either a syntbesis of glucoside in the edible part of the tuber or a migration of gluco-
side from the rind (which is rich in glucoside) to the edible part of the tuber,
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In Vitro Studies on Human Blood Cholinesterase and its
Action Towards Organophosphate Insecticides

S. SENTHESHANMUGANATHAN AND M. RAJARATNAM

Department of Biochemistry, Medical Research Institute (MRI), Colombo, Sri Lanka.

(Paper accepred : 2 May 1975)

Abstract : Inhibition studies conducted with various concentrations of baytex and
malathion indicated that at low levels malathion did not show any inhibitory effect but
baytex at low levels and malathion at higher concentrations inhibited the blood
pseudocholinesterase activity (ChE). The ChE activitics which were inhihited by these
insecticides were found to be reactivated slowly by antidote, pyridine-2-aldoxime-N-
methiodide (PAM). PAM alone did not produce any inhibitory effect.

The clinical norm of ChE activities for Ceyloncse subjects as determined by the
Rapid Field Test method is 80%; with a SD of 15.3%. The screening of personnel
engaged in the handling and spraying of these insccticides for blood ChE activities
was carried out by the rapid field test method.  Such studies carried out on more than
80 porsonnel attached to 5 different Filaria units of the Department of Heal:h, indicated
that about 25°%/ of them had blood ChE level 509/ of the normal. Some of these low
values may be due to congeniial defects but this aspect was not investigated further.

1. Infroduction

In vector control programmes D.D.T. (2,2-bis (p-chlorophenyl)—1,1,1-trichloroet-
hane) and dieldrin (1,2,3,4,10,10—hexachloro 6-7-epoxy—1,4,4a,5,6,7,8,8a—octa-
hydro-1,4-endo-exo 5-8-dimethanonaphthalene), have been in use for several years
and no reports of any serious harmful effects have been recorded among the thousands
of people who use them daily in malaria and filaria eradication campaigns. It has
become necessary to introduce alternative insecticides since vectors have develeped
resistance to DDT and dieldrin ; such insecticides which are in use in Sri Lanka today
are the organophosphates, viz. baytex (0-0-cimethyl-0-4 (methylthio)—m-tolyl-
phosphorothioate) and malathion, (S—1,2-bis (ethoxy carbonyl) ethyl 0-0-dimethyl
phosphorcdithicate).

These organophosphates are generally toxic to animals since they interfere with the
mechanism of the transmission of nierve impulse by inhibiting the hydrolysis of acetyl
choline. These compounds inhibit the cholinesterase action by phesphorylating the
active site of the enzyme.® The reactivation of the inactivated enzyme can be accele-
rated in vive and in vitro by oximes, which are used as antidotes for poisoning by
organophosphorus compounds.®

Considerable interest has developed in recent years in connection with the use of
the muscle relaxant suxamethonium (succinyl choline or scoline). This substance is
rapidly hydrolysed by pseudocholinesterase (acyl choline-acyl hydrolase, ChE) but
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in individuals with low serum ChE, hydrolysis of suxamethoniuom takes place slowly
so that apnoea due to it is considerably prolonged and may threaten life. This occurs
in individuals whose ChE activity is low due to pathological conditions such as in
liver disease ; gradual poisoning is due to exposure to organophosphates or is due to
a congenital defect. '

The present investigation was therefore undertaken with a view

1. to determining the inhibitory effects of baytex and malathion on human ChE
in vitro since such data is not available,

2. to study the antidote effect of PAM (pyridine-2-aldoxime-N-methiodide) on
cholinesterase, inactivated by baytex and malathion i vitro,

3. to establish the clinical norm of ChE-activity for Ceylonese subjects, and

4. to screen the personnel, who are engaged in the handling of organophosphorus
compounds in vector control programmes with a view to determining the
inhibitory effect of baytex and malathion on human ChE in vive.

Some of the findings have been reported carlier,10

2, Materials and Methods

Baytex and malathion used were commercially available solutions obtained from
the Filaria campaign of the Department of Health, Sri Lanka ; they were used
without any further purification. Antidote PAM was obtained from Farbenfabriken
Bayer A. G., Leverkusen, Germany, and henzoycholine and acetyl choline were
obtained from British Drugs House Ltd. Pcole, UK. The blocd serum used for the
inhibition experiments and for the effect of antidctes was that of cne of the authors
(S. Sentheshanmuganathan) and was ‘obtained by venepuniure. The blood was
allowed to clot at 37°C and the clear serum separated by centrifugation. The serum,
when stored at —-20°C, retained its ChE activity without any change for a month.

For the establishment of the clinical norm, capillary blood samples were collected
from volunteers of the varicus grades of officers working at the Medical Research
Institute, Colombo, Sri Lanka. Capillary samples ¢f bloed for testing were collected
from the workers attached tc the Tilaria units in the country.

2.1. Assay of cholinesterase activity

Spectrophotometric® and colorimetrict methods were used in the assay of serum and
whole blood cholinesterase activities respectively.
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2.2, Spectrophotometric assay of ChE

A Unicam SP 500 spectrophotometer was used. All experiments were conducted at
37°C and changes of temperature of the soluticn during the mixing were kept to a
minimum. This was achieved by keeping the reagent tubes in the water bath which
was feeding the thermospacers. The cell holder with the absorption cells was always
kept in the cell compartment in contact with the thermospacers except for a few
seconds for filling.

The decrease of absorbance during the first 3 min was called A A, if obtained
under sfandard conditions (Serum 1 :2C0, Benzoyl choline 5 x 10— 5M 26°C,
10 mm. light path, pH = 7-4, wave length 240 mu). Then 0°165 x A A A, = 2'5
105-M. A decrease of absorbance of 0-165 corresponds to a hydrolysis of 0-025
pmoles benzoyl choline per ml. Then 606 A A, — ymoles benzoyl choline hydroly-
sed by 1'0mlin 1 h at 26°C. In order to convert the values to 37°C, a factor of 1-74
is used, e.g. from 26 to 37°C it is 1057 A A,.? Since the experiments were conducted
at 37°C, it was not necessarv to use a temperature correction factor.

2.3. Colorimetric method

For the colorimetric method of the assay of whele blcod ChE, the Lovibond Tinto-
meter developed by the Tintcmeter Ltd.,, Waterlco Road, Salisbury, U.K. was
used as described by Edsont The standard Lovibond comparator disc 5/30 covers
the range 0- 1009, normal activity in steps of 12:5%. The aceiic acid liberated
from the substrate, acetyl choline, by the cholinesterase lowers the pH of a weak
buffer solution and changes the colour of the indicator bromothymel blue. The
change in colour is proportional to a degree of enzyme activity, which is matched
again-t the standardised discs of the Lovibond comparator.

3. Results
3.1. Inhibition of choiinesterase zctivity by baytex and malathion

When the serum was incubated with benzeyl choline, the decrease in absorbancy at
240 mpu at 37°C was 0°225 over the first 3 min of incubaticn (Figure 1). But when
baytex and malathion were incubated singly with the same serum under identical
conditions, the correspending decreases in absorbancies were (-070 and 0:170
respectively, The final concentraticn. in the mixture was :  baytex, 11.25 #4M and
malathion, 1923 gM. B.ytex thus prcduced an inhibition of CLE activity by 68 % of
the total activity as compared to malathion which gave an inhibition of only 24 %.
The results indicate that baytex is a stronger inhibiter of ChE activity than malathion.
The above concentrations of baytex and malathion were chosen. since concentrations
higher than these amounts produced turbidity which interfered in the spectropho-
tometric measurerments.
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Fig. 1. Inhibition of cholinesterase activity by baytex and malathion.

The enzyme activity was followed by observing the decrease in absorbancy at 240 myt.
The incubation mixture (4.0 ml) contained serum (2.0 ml of 1 : 100 dilution in phosphate
buffer pH. 7.4, 2.0 ml benzoy] choline in phosphate buffer, conc. 5 x 10—3 M), organo-
phosphate (0.1 ml = 11.25 #m baytex or 19.23 im, malathion) Incubation temp., 37°
«—s No inhibitor
o—o¢ Baytex
A A Malathion

3.2. Effect of insecticide concentratien on ChE activity

In this experiment, the concentration of the substrate and enzyme (serum) was kept
constant while the amounts of baytex and malathion were increased. The conditicns
of assay used were as described (Figure 1). This was studied over the concentration
range of 0.3 to 3 uM. The percentage inhibition of ChE activity by malathion
increased linearly with increasing concentration of the crganophosphate up to a final
concentration of 0°75 #M while that of baytex increased to 0°45 #M (Figure 2).
At these two concentrations of crganophosphates the inhibitions observed were 55%
and 45 % respectively. Thereafter, increasing the concentration of either baytex or
malathion did not show the same linearity. Al the final concentration of 3.0 pM of
the organophosphate, baytex produced an inhibition of 83 % of the total activity while
malathion showed an inhibition of 63 %
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Fro. 2. Inhibition of serum cholinesterase activity by increasing amounts of baytex and malathion.

The experimental conditions were as described under Fig 1.

o—o Baytex
A_A Malathion

3.3. Antidote éﬂcct of PAM on the inactivated serum cholinesterase by baytex and
malathion, in vitre

In order to establish that the antidote PAM could reactivate the ChE activity inhibited
by baytex or malathion, it was thought desirable to carry out this study in the following
manner i—

(1) Enzyme (serum) was incubated simulfaneously with the organophosphate,
antidote PAM and the substrate, benzoyl choline.

(2) Enzyme was first preincubated with the organophosphate for 20 min to
inactivate the enzyme. Then the substrate, benzoyl choline was added and
the hydrolysis followed until it ceased. Subsequently, PAM was added and
the hydrolysis was followed again until the reaction reached a stationary stage.
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(3) Enzyme was preincubated with the organophosphate for 20 min to inactivate
the enzyme. At the end of this period, PAM was added to reactivate the
enzyme by incubating for a further 20 min.  Finally the substrate, benzoyl
cheline was added and the activity followed as described in Section 2.

When the serum was incubated with, the substrate, benzoyl choline with, or without
the addition of the antidote PAM, the rate of bydrolysis remained unchanged.
Similar observations were made when the enzyme and PAM were incubated first
before the addition of the substrate. These results therefore indicate that PAM
has no action on the enzyme activity (Figure 3). In the first experiment, enzyme and
substrate were incubated simultaneously with either baytex or malathion. Such
studies showed that though the rate of hydrolysis as measured within the first
3 min of incubation was low, (0175 to 0°05) yet complete hydrolysis was
achieved in 16 min with baytex and malathion as compared to 5 min in the
absence of inhibitor (Figure 3).
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Fig. 3. Inhibilion of serum cholinesterase activity by baytex and malathion and the subsequent
effects by PAM (Pyridine-2-aldoxime-N-methyl iodide).

The experimental conditions were as described under Fig. I. PAM and baytex or
malathion were added in equimolecular amounts.

»—+ Serum -+ Benzoyl choline.

o—o Serum was preincubated with PAM for 20 min then the substrate, benzoyl
choline was added.

A_A Serum -+ malathion or baytex+4benzoyl choline were added simultaneously.
n—a Serum preincubated with baytex or malathion for 20 min then PAM and
benzoyl choline were added simultaneously.
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In the second series of experiments, when the substrate was incubated with the
malathion inactivated enzyme, a slight change in the absorption was observed (from
0-425 to 0.413) but when PAM was added, the hydrolysis proceeded gradually
reaching a value of 0.30 in 20 min which is equivalent to a hydrolysis of 407 of the
total (Figure 4). With baytex, however, a hydrolysis of 60 % was achieved over the
same pericd. In all experiments, PAM and melathion or baytex were present in
gquimolecuiar amounts in the incubation mixture.
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Fia. 4. Invbition of serum cholinesterase activity by malathion and reactivation of the
[inactivated enzyme by PAM.

The experimental conditions were as described under Fig 1. Arrows indicate time of
addition of either PAM or Benzoyl choline (BC).

«—s Serum 4+ Benzoyl choline
o—o Serum -+ Benzoyl choline 4+ PAM.

A_A Serum was incubated with malathion (for 20 min), then benzoyl choline was
added and the reaction was followed until there was no change in the optical
density at 240 me,

PAM was added and the reaciion was followed again.

o—n  Serum -+ malathion were incubated (20 min), PAM was added and incubated
further for 20 min Benzoyl choline was added and the reaction was followed
again.

{(PAM and malathion were added in equimolecular amounts, 76.9 jm.).

9—-14069
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In the third series of investigations, when the substrate was added after
reactivating the inhibited enzyme by PAM, the amounts of hydrolysis achieved with
malathion was 169 of the total as compared to 80 % with baytex (Figures 4 & 3).
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Fic. 5. Inhibition of serum cholinesterase activity by baytex and reactivation of the inactivated
enzyme by PAM.

The experimental conditions were as described under Fig. 1. Arrowsindicate time of
addition of either PAM or Benzoyl choline (BC).

«—« Serum -+ Benzoyl choline
o—o Serum 4 Benzoyl choline + PAM

A_A Serum wasincubated with baytex (20 min) Benzoyl choline was added and the
reaction was followed until there was no change in the optical density at 240 my/.
PAM wag added and the OD was measured.

o—a  Serum - Baytex were incubated (20 min.): PAM was added and incubated
further for 20 min Benzoyl choline was added and the reaction was followed
again.

. (PAM & Baytex were present in equimolecular quantities, 45 f-moles).

3.4. Clinical norm for Ceylonese subjects by the Rapid Field Test (Colorimetric)

More than 100 samples of capillary blood collected from normal subjects have been
estimated for cholinesterase activity (Table 1). The clinical norm for Ceylonese
subjects by this method was 80 + 1528 with a range of 50 to 100%. 101 workers
attached to 6 Filaria units in the country, who had been handling baytex and malathion
for about 3 years were screened for their ChE levels (Table 1). This survey revealed
-that 257 of the workers had their ChE levels lowered by 50 % of the normal (95%).
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Tasre 1. Blood cholinesterase levels of normal subjects and personnel, involved in the
spraying of insecticides, attached to the various Filaria Units of the Department of
Health, Sr1 Lanka,

Bloed cholinesterase [evels

. No. of :

Subjects Subjects 0: 125 25 378 50 625 73 875 100
Volunicers (MRI Staff) 101 00 00 00 00 00 18 36 17 24
Filaria Units

1. Dehiwela N a0 00 00 01 06 06 07 13 05 02
2. Kolonnawa ... 7 o 12 00 00 00 01 00 01 03 05 G2
3. Kolonnawa Installotion .. 11 00 oG 00 00 01 0z 02 05 01
4. Kotte 2 19 00 00 00 01 03 02 09 03 0t
g. Peliyagoda ... 12 00 0o 0o 01 01 04 04 0l 0!

Wattala 07 on 00 00 co 01 03 02 00 01

The cholinesterase levels were determined by the Rapid Field Test method.2
Clinical niorms = mean = 80%, ; SD = + 15.3%.

In another study, 4 workers attached to the blending plant of the Ceylon Petroleum
Corperation (CPC) were tested for their ChE levels at the time of recruitment for
employment (pre-exposure level) and subsequently at monthly intervals for 12
months. None of the 4 showed any change in the ChE levels (Table 2a)over the 12
months of handling the organcphosphates. Seven other workers of the same plant
were screened before coming into contact (pre exposure level) with the organophos-
phates and subsequently for another 2 months of handling the insccticides. Of the 7,
1 had a drop of 50% (87'3 to 37°5%) and another worker of 25%, (625 to 37°5%
Table 2b) ; while the remaining 5 showed no change.

TapLE 2. {a) Blood cholinesterase ]evels.of workers attached
to the Blending Plant, Ceylon Petroleum Corporation. ~
(Batch No. 1 : 4 workers).

Dates on which tests

were carried. out (1) 2) (3) (4}
21.09.71% 100 87.5 100 §7.5
09.11.71 100 87.5 100 87.5
09.12.71 100 87.5 100 87.5
11.01.72 100 100 100 100
16.02.72 100 100 100 87.5
23.05.72 100 100 100 100
31.07.72 s - e 100
29.09.72 —— — — 87.5

*Pre-exposure values.

Blood cholinesterase levels were estimated by the Rapid Field
Test method.a
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TasLE 2(b). Blecd cholinesterase levels of workers attached to the Blending
Plant, Ceylon Petroleum Corporation. (Batch No. 2 : 7 workers).

Dates on which

tests were
carried out (1) 2) (3 (4} (5) 6) . (N
- 31.07.72% 100 87.5 75 T 87.5 87.5 62.5 62.5

29.09.72 75 37.5 62.5 100 75 37.5 62.5

*Pre-exposure values.

Blood cholinesterase levels were estimated by the Rapid Field Test method.a
4. Discussion

There are 2 types of cholinesterases present in man. One of them is truc
cholinesterase (acetyicholine-acyl hydrolase) which is specific for acetylcholine and
present mainly in erythrocytes and ip the region of cholinergic nerve endings. In
various tissues especially plasma, there are other cholinesterase which are non specific
for acetylcholine, calied pseudocholinesterase (ChE). It is the latter type which we
were interested in, since they are inhibited by organophosphates, eg. baytex, mala-
thion, fenthion and symithion.

Most of the data availabie on the inhibitory effect on blood ChE have been obtained
vith rats, rabbits and insect blood.8 The only data available on human blood have
been derived with the ChE obfained from buman erythrocytes and serum using
Parathion, Systex, Systox Thincisomer and Dithiono-pyrophosphate in vivo and in
vitro.8 In view of the use of baytex and malathion in Sri Lanka in vector control
programmes and the nen availability of data for anti-ChE activity in human blood,
we investigated the effect of these compounds on human sernm,

The present investigation has shown that both baytex and malathion are inhibitors
of pseudocholinesterase activity of human blood serum. In this study we followed
the enzyme activity using benzoyl cheline as substrate as described.® The rate of
bydrolysis was observed by following the decrease in absorbance at 240 my over the
first 3 min of adding the substrate. {tis seen from Figure I, that the rate of hydrolysis
of benzoeyl choline by the serum corresponds to a decrease in absorbance of 0:225 ;
when baytex (1125 p#m) was also added to a system, the decrease in absorbancy was
0-07 while with malathion (19-23 pm), it was 0:170. Thus baytex and malathion
inhibited the enzymic activities by 68 )/ and 24 9 of the original activity respectively.
These findings indicate that bavtex is a stronger inhibitor of ChE activity than
malathion. It has been reported!! that malathion has the lowest toxicity of all
organophosphorus compounds. OQur findings are in agreement. The WHO report,
however, states that in practice malathion at lower concentration does not depress
the cholinesterase level. In the presence of baytex and malathion, a given amount of
enzyme will hydrolyse the same amount of substrate in 14 and 8 min respectively,
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while without any inhibitor it weuld take 6 min to bring about an equal degree of
hydrolysis. When the concentration of baytex was increased from 0 to 0-435 pm, the
percentage inhibition of ChE activity also increased in a linear manner and above
that the inhibition attained a maximum value of 789 at a concentrationef 1'5 pm ;
with malathion a similar pattern was obtained. Malathion produced a linear
relationship up to a concentration of 0-75 zm of the inhibitor and preduced a maxi-
mum inhibition value of 559 at a concentration of 1'5 gm.” Above a concentration
of 1'5 ym of either of the erganophosphates, the inhibitions produced were not very
marked. Increasing the concentration 10 fold (3:0 sm) increased the inhibition by
only 5% and 9% (Figure 2). We may therefore assume that at these concentrations,
the active sites of the enzymes are saturated by phosphorylation and this prevents
the entry of the substrate for acticn. It could be inferred from Figure 2, that baytex
is a stronger inhibitor of ChE activity than malathion. The high toxicity of the
organophosphates, which have been developed as imsecticides for agricultural use,
depends largely upon the blockage of esterases such as the cholinesterases. These enzy-
mes are phosphorylated and the inhibition that results is practically irreversible.t.2.3
Recovery from such poisons depends on the formation, of fresh enzyme which takes
weeks. The usual symptomatic treatment for the endogenous acetylcholine intoxi-
cation that is produced by these drugs has hitherto consisted of the administration of
high doses of atropine, artificial ventilation of the lung and correction of dehydration.
It has now become possible to supplement these measures with the use of specific
antidotes, viz. oximes whose chemical proporties enable them to displace the phosphate
radical from the phosphorylated esterases and thus restore the activity of the
enzyme. The most widely used oximeis PAM (Pyridine-2-aldoxime methiodide).
Several cases of parathion poisoning treated successfully with antidote PAM have
been reported.s Though the poisoning by parathion and its successful management
have been reported,® there are no reports of successful management of either baytex
or malathion poisoning. In view of this, we studied the effect of antidote PAM on
the enzyme inhibited by baytex and malathion. Such studies showed that PAM
alone has no anticholinesterase activity on human serum (Figure 4). When PAM
was added to a serum sample inhibited by cither baytex cr malathion and incubated
further, there was a release of the phosphorylated esterase, which hydrelysed benzoyl
choline gradually. Even though the amount of PAM used in the present study was
in equimolecular amounts to that of baytex or malathien, yet it could not release all
of the activity originally present. With malathion only 16%, of the total activity
was restored. This may have been due to some denaturation caused during the long
period of incubation or of some other factor; this aspect was not investigated.
With baytex, however, 609 of the original activity was restored in 20 min. Even
though baytex is a stronger inhibitor of ChE activity than malathion (Figures 2 & 3},
yet the inactivation caused by baytex seems to be of a milder or weaker type than
that of malathion. It might be that the affinity of the esterase is more towards
PAM than baytex, or that the bond which operates in the phosphorylated intermediate
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between baytex and enzyme is weaker than that which operates between the malathi-
on enzyme complex. This is the onlty explanation we could provide with the existing
data. It has been observed® that PAM should be given by injection within 24 to 48 h
of parathion, poisoning since after this period, intravenous injection of PAM no
longer leads to a reactivation of the enzyme. This is also true in vitro, when PAM
was added to a sample of blocd from the pziient poisoned with parathion:’ at this
time PAM even showed anticholinesterase activity of its own. From the present
studies it could be inferred that the failure of PAM to liberate the lost activity may
be a phenomenon similar to that observed with parathion, suggesting that poisoning
by malathion management may nced a different approach altogether. With baytex
poisoning, the treatment with PAM could yield rapid resuits.

The clinical norm of ChE activities for Ceylonese subjects was determined by the
Rapid Field Test method*. This method was chosen so that it could be used by
any trained technician in the field, factory or any hospital with the use of
simple portable equipment. Mote than 100 samples of capillary blood collected
from normal subjects have been estimated for ChE activities by this method (Table 1).
The clinical norm for Ceylon subjects is 80 % with & standard deviation of 153 9 thus
giving a range of 64'7 to 95.3%. For the western countries, the normal value was
found to be 100 9,11 Diagnosis of poisoning by organophosphorus compounds can
be confirmed by demonstrating a mucl, reduced ChE activity in the whole blood,
plasma or seram. A reduced level of ChE activity in the blood indicates thet an
anti-cholinesterase chemical has been absorbed, or the individual is having some
pathological conditions affecting the liver or a congenital defect.  The latter can be
confirmed by determination of the dibucaine and fluoride numbers.”

It the depression of ChE is marked, the patient will be more susceptible to the
effects of further exposure to an organophosphate. Inhibition of cholinesterase only
causes inequivocal symptoms when the enzyme activity has fallen to less than 25 to
307; of the pre-exposure value of that individual ! -When this degree of inhibition
is reached the symptoms of poisoning may progress so rapidly as to threaten life ;
immediate treatment then becomes imperative. In view of the above ohservations
made™ and the normal values established by us, we suggest that any person who has a
ChE value of 60% or less should not be employed in the handling of organophos-
phorcus compounds either in a blending plant, in vector control programmes or in
agriculture.  All personnel handling these insecticides are therefore advised to have
their ChE levels examined every 7 to 14 days. [If the ChE value is found to be less
than 6077, the individual should not be allowed to return to work, or to come into
contact with organophosphates until his ChE has returned to at least 709 of the
normal it
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The ChE levels of 4 workers were tested before assigning them to the Ceylon
Petroleum Corporation blending plant of organophosphorus compounds. These
were teken as their pre-exposure values. They were subsequently screened for ChE
levels at regular intervals for 12 months (Table 2 a). In all the 4 cases tested, pre-
exposure values were 87.5 to 100%, None of them showed any change in their ChE
levels. In another stady, with 7 other workers over a period of 2 months, one had a
decrease in the ChE value of 509, (87.5 to 37.5%) and another one by 25% (62.5 to
37.5%); the value of 37.5 is very much lower than the imiting value of 60%. Even
with this value of 37.59 both the workers did not show any positive symptoms of
organ')phof.nhqrous com pound% poisoning. Thisis expzlained in the earlier findings?
in which it has been established that symrtoms appear only if the value falls below
259 of the pre-exposure value which in these 2 cases is 16.8%.
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Council

EDITORIAL POLICIES

Submission of Papers : Papers are accepted
for editorial consideration with the under-

standing that they have mnot been
published, submitted or zccepted for publi-
cation elsewhere. Papers accepted for

publication may not be published elsewhere
m the same form, either in the language
of the paper or any other language, without
the consent of the Editorial Beard.

Research papers, Papers read st Symposia
and Reviews may be submitted to the
Editorial Board. Research papers should
describe original invesiigaticns or techno-
logical achievements. Reviews should be
critical  evaluations of existing knowledge
in a specialised field. The Journal also
accepts Short Communications. They
should be submitted if the results are of
sufficient tmportance to merit publication
in advance of a full paper.

Languages of Publication
and English.

Referceing and Editing :
mitted is  examined by
referees prior to publication.
edited to increase clarity and
communication. In preparation for the
press, particular attention is paid to
grammar and the conventions of the Jour-
nal with regard to symbeols, illustrations,
tables, references and nomenclature.

: Sinhala, Tamil

All material sub-
two or more
Papers are
gase  of

Manuscripts submitied for editorial considera-
tion can be processed expeditiously if they
conform frem the outser to the style of the
Journal. Authors are therefore advised to follow
closely the form described in these instructions.

PRESENTATION OF MANUSCRIPTS

No maximum length of contributions 1s
prescribed but papers should be written
clearly and concisely. All unnecessary
textual matter, figures and tables must be
eliminated. In general, the impersonal
form  should be used.

material of a detailed
nature, w is not essential in the
printed paper, but may be useful to
other workers, may be deposited with
the Secrstary. Such material  will be
made available to other scientists on request
and a note to this effect should be included
in the paper.

The paper should be reasonably

Supplemenia

sub-

divided into sections, and if necessary,
sub-sections. The following pattern is
suggested for Rescarch  Papers {a)

Introduction (b) Experimental (c) Results
(d) Discussion (e) Conclusions (f) Ack-
nowledgements (g) References. In many
cases, two of sections (b), (c) and (d)
can be combined. When a separate
Discussion is used, it should not reca-
pitulate the results but discuss their signi-
ficance and relation to the object of the
work and to the work of other people.
Conclusions should not merely repeat
preceding  sections.

Special care must be taken in citing
references  correctly. Responsibility for
the accuracy of these rests enfirely with
the authors. 1t is the authors’ respon-
sibility to obtain written permission to
reproduce material  which has appeared
in another publication.

FORM OF MANUSCRIPTS

Manuscripts should be submitted in frip-
licate — including the original typewritten
copy — typed throughout in double spacing”
on cne side of the paper only. Adequate
nrargins should be left (4 cm) with liberal

spactng at the top and bottom of each
page. The typescript should be free of

corrections.
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Headings of major sections should be
centred and sub-section headings should
be placed on the left of the page. The
compiete set of headings and sub-headings
in an article should be numbered follow-
ing the stvle adopted in this Journal
and the set should reflect the ' logical
development of ideas.

Paging : Fach page of the manuscript
should be numbered and the name of
the first author and page number indicated
in the upper right-hand corner of the page.
The first page should contain the article
title, the name(s) of the author(s) and
name and address of the establishment
where the work was carried out. In the
case of co-authors, respective addresses
shouid be <clearly indicated. Femsle
auvthors should include one of their given
names. The title should be concise but
‘nformative. The first werd of the title
shouid preferably be one useful in indexing
and information retrieval, Where a series
~ef releted papers 1s submutted, each indi-
vidual paper should have the same general
heading, followed by a series number and
title of the part. Any footnote to the title
should be given at the bottom of this page.

The second page should contsin an ab-
stract (of not more than 250 words) which
should be a summary of the entire paper,
not of the conclusions alone and intelli-
gible without reference to the paper itself,
The text should begin on page three and
each subsequent major section — references,
figure legends and table legends should
begin on a new sheet.

The last page should contain (a) a note
as to the number of manuscript pages,
figures and tables, (b) proposed running
title of less than 42 characters (letters
gnd spaces} and {¢) the name and mailing
address of the person to whom the proofs
should be sent.

IHustrations : All illustrations are consi-
dered as figures and each graph, drawing
or photograph should be numbered in
sequence  with Arabic numerals. Auiliors
must submit the original and two dupli-
cates of each figure. Figures should he
planned to fit the proportions of the prin-
ted page (12 x 17 cm).

Figures must be drawn in Indian ink
on plain white paper or bourd or tracing
paper, not larger than 20 x 30 com.
Drawings should be lettered with a
lettering set; lettering should be kept large
enocugh to be legible afier a reduction of 50

“low

ing clear without

to 609, If this is not possible, all letters
and numerals must be inserted clearly and
lightly in blue pencil and not in ink.

Each figure should carry a legend so
written that the general meaning of each
illustration .can be understood without
reference to the text, The amount of
lettering on a drawing should be reduced
as far as possible by transferring it to
the legend. Figure legends should be
typed on a separate sheet and placed at
the end of the manuscript.

Graphs should be plottéd on white or
blue-lined graph paper or tracing cloth;

grid iines that are to be shown in the.

engraving should be inked in black. The
caption  of cach axis should be lettered
parallel to its axis. Each figure should
be identified in the margin with author’s
name  and figure number. The preferred
position’ of all illustrations should be
indicated in pencil in the manuscript,

Photographs : Half-tone illustrations should
be included only when essential. Good
glossy orints with sharp contrasis between

black and white areas shculd accompany’

the manuscripts; they should not be
attached to manuscript pages. The size
should be such that when the print is
reduced to the normal size for reproduction
(12 x 17 cm maximum), the detail is still

clear. Megnification should be indicated
with a scale line on the photograph.
The authcr’s name and figure number

should be given on the back of each
photograph.

Tables should not repecat data which are
available elsewhere in the paper. Each
table ‘should be typed on a senarate sheet
with  due regard for the proportions of
the printed page. They should be
numbered consecutively with Arabic
numerals. Tabulated  matter should be
clearly set out and the number of col-
umns in each table should be kept as
as possible. Tables should have
legends which make their general mean-
reference to the text
and all table columns should have expla-
natory  headings. Units of measure
stivuld be indicated in parentheses in the
heading of each column. Vertical lines
should not be used and horizontal rules
used only in the heading and at the bottom.
A one-column table may be up to 42
characters (ictters and spaces) wide. A
two-column table may be 90 characters
wide. Footnotes to the tables are to be
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placed directly below the table and should
be indicated by superscript lower-case
italic letters (g, b, ¢, etc.). Each table
should carry on the back of the sheet
the author’s name and figure number.
The preferred position of tables should
‘be indicated in pencil in thé manuscript.

References to the literature must be indicated
in the text by a small superior number refer-
ring to the list of references which must be
inserted on a separate sheet 2t the end of the
paper. The list should be arranged in alpha~
betical order by author and numbered in
Arabic numerals, All authors’ initials must
be given after surnames. The year of
publication should follow in parentheses.
When journal articles are listed, the journal
name should be abbreviated in accordance
with the World List of Scientific Periodicals
1900—1960, 1972, 4th edn, London : Butter-
worths Scientific Publications. 1If the journal
is not in this list, the name should be given
in full. The abbreviated journal title should
be underlined to indicate italic type and
followed by the volume number underlined
with a wavy line to indicate bold type, the
issue number in parentheses and then the
inclusive pages. When books are listed, the
order should be : author(s), year, book title,
volume number, edition, pagination/inclusive
pages, place of publication and publisher.
When sections of a book are listed the order
should be : author (s) of section, year, the
word In followed by author of book, book
title, volume number, edition, inclusive pages,
place of publication and publisher, The
series title of a book should be given in
parentheses after the publisher.
Examples :
Journal — AwncMmor, J.E., Dicks, D. M.,
Evans, W. C. & Santra, D.K.
(1972) Planta Med. 21(4) ;
46-420. )

Book —— ScHoxMAN, D. {1966) Vegeiable
growing : local and exotic
varieties, 29p. Colombo: Agri-
culture Department.

Section of

Book — ZiTNAK, A. (1973) In Chronic

cassava toxicity j.!roceed:'ﬁg?
aof an interdisciplinary workshop,
London, England, 29-30 January
1973, pp. 89-95. Ottawa:
International Development
Research Centre. (IDRC-00g).

Footnotes which are indispensable should be in-
dicated in the text by small superior figures and
listed on a separate page in the manuscript,

Abbreviations and Symbols recommended in
the various parts of British Standard 1991 :
Letier symbols, signs and  abbreviarions
should be used. Authors are encouraged
to use the S.1. System of umnits (see description
in British Standard PID 5686 : The wse of
S. L Units).

Authors whose papers contain mathematical
expressions should submit a list of'the symbols
used carefully and clearly indicated for the
guidance of the printer. This list will not
appear in print.

Formulae and Equations : Equations should
be typewritten and quadruple spaced. They
should be started on the left margin and the
number placed in parentheses to the right of
the equation.

Nomenclature : Scientific names of plants
and animals will be printed in italics, and
should be underlined in the manuscript. In
the first citation, genus, species and autherity
must be given. e. g. Tylenchorhynchus claytoni
Steiner, In later citations, the generic
naine may be abbreviated to its initial letter.
e.g. T. claytoni.

Special instructicns in the fields of Physical,
Chemiecal and Medical Sciences are available
on application to the Sscretary.

Short Communications : The Journal may
include a limited number of short communi-
cations. - Authors should submit short com-
munications only when they believe that
rapid publication cf their results is of the
utmost Importance. A short communication
must not exceed 1,200 words, i.e. 4 pages of
copy inclusive of illustrations and tables.
Short communications should be complete
in their own right and suitable for citation.
The title should indicate the content clearly
as these papers do not carry abstracts.

Proofs : Corrected galley proofs must be
returned to the Secretary without delay as
directed. Failure to do so will result in
delay in publication. Correction of preofs
by authors must be restricted to printer’s and
similar errors. They should be marked in
pencil.  Any modification of the original text
is to be avoided. Responsibility for correc-
ting proofs rests  entirely on the authors
though editorial assistance will be provided.

Reprints : 50 reprints will be supplied free
of charge for each article. Additional
reprints can be ordered on the reprint
order form which will accompany the proofs.
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