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What arc safe levels of CO and CO2 in rooms? | Kane Inlernational Ltd  hitps://www.kane.co.uk/knowledge-centre/what-are-safe-levels-of-c...

pcage, -4

What are safe levels of CO and CO2 in rooms?

What are safe levels of CO and CO2 in rooms?

CO2

250-350ppm Normal background concentration in outdoor ambient air

350-1,000ppm Concentrations typical of occupied indoor spaces with good air
exchange

1,000-2,000ppm Complaints of drowsiness and poor air.

2,000-5,000 Headaches, sleepiness and stagnant, stale, stuffy air. Poor
ppm concentration, loss of attention, increased heart rate and slight
nausea may also be present.

5,000 Workplace exposure limit (as 8-hour TWA) in most jurisdictions.

>40,000 ppm Exposure may lead to serious oxygen deprivation resulting in
permanent brain damage, coma, even death.

cO
9 ppm CO Max prolonged exposure (ASHRAE standard)
35 ppm CO Max exposure for 8 hour work day (OSHA)
800 ppm CO Death within 2 to 3 hours
12,800 ppm CO Death within 1 to 3 minutes

lofl2 7127/17. 1:09 AM
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Cysteine IR Plot - Source: Research Gate

Figure 3. FTIR spectrum of L- cysteine
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People also ask

What is the averags size of a bacterial gene?

A "typical” gram-negative bacterium, H. influenzae, has 1,743 genes each of ~900
bp. So we can conclude that ~1500 genes are required lo make a free-living
organism. Bacterial genome sizes extend over about an crder of magnitude, from
0.6 Mb to <8 Mb (for review see 5863). The larger genomes have more genes.
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Lab

L
\
Y,

Subject: Lab

From: Clifford E Carnicom —

Date: 8/2/2017 19:52

All,

I have established some procedures in the laboratory involving a protein
that are undoubtedly of value and importance, if it can be brought into
the proper environment. There will ultimately be numerous health and
likely commercial applications from the work, again if it can be
brought into the right environment.

!wo comp|e!e!y ! !!erent metHo!s o! getting !rom point A to B. Previlious

IP methods use a difficult method, current methods are much much easier
with the same but more productive end result.

then the work goes to the
savvy members of the public that know

how to use it.

Greetings and best from Clifford

comments from all always welcome.
This email should also be on record for CI in case any one
tries to claim knowledge or methods that will only be found in the lab
notebooks.

10f1 8/2/2017 20:06
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Someday you, as a gifted biochemist, will be in a position to possibly obtain a
b —2 patent because you have isolated and characterized a new pratein. Yes, one can obtain
oy —Dhatentson-biamglecules. One school of thought believes that allowing biochemists to

patent biomolecules is similar to allowing physicists to patent gravity. However, the
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lodine, Thiocyanate and the Thyroid

Chandra Amar K*
Department of Physiology. Universily of Calculls, Universily Callege of Science & Technology, Kolkata, India

Introduction

Thiocyanate is a ubiquitous metabolite in man and animals
consuming plants containing cyanogenic glycosides and thioglycosides
(glucionales) while iodine is present in the earth crust since its origin
and is an essential constituent of thyroid hormone requires in trace
amount. lodine is essential for thyroid hormone synthesis while
thiocyanate prevents the synthesis of thyroid hormone. As a result
the physiological rather functional status of thyroid is very much
dependent on the balance between these ions because of their similar
ionic volume and charges and competition at different steps in thyroid
hormone biosynthesis. Both iodine and thioeyanate enter in the body /
thyroid gland through food and water. Thiocyanate in relatively higher
concentration regulate the uptake. efflux, organification of iodide,
thyroid peroxidase activity and biosynthesis of thyroid hormone.
In addition the retaining capacity of iodide in the thyroid gland and
body also depends on thiocyanate concentration or in other words
the excretion of iodine is related with thiocyanate concentration.
In the semi-arid region of earth, the consumption of cyanogenic
food (thiocyanate precursor) is relatively high and many regions are

environmentally iodine deficient therefore the people are at the risk of

iodine deficiency disorders (IDD). The pregnant and lactating women
and the women of childbearing age group are the most vulnerable
group of IDD because the neuronal development of the [etus and
neonate are greatly alfected even in mid to moderate iodine deficiency.
‘This article reviews the sources of thiocyanate and iodine in food and
thyroid gland physiology in relation Lo thiocyanate and iodine based on
experimental and epidemiological evidences.

From available literature along with our observations. thyroid
gland morphology. iodide uptake, iodide influx, iodide organification,
activily of thyroid peroxidase, thyroid hormone synthesis and the
excretion ol iodine in relation to thiocvanate concentration including
thiocyanate metabolism have been discussed based on experimental
and epidemiological evidences from available literature along with our
observations.

In the semi-arid region ol carth. the consumption of cyanogenic
food is the cause for the development of goiter and associated iodine
deficiency disorders (IDD). The pregnant and lactating women and the
women of childbearing age group are the most vulnerable group for
IDD because the neuronal development of the fetus and neonate are
greatly affected even in mid to moderate iodine deficiency.

General Consideration

In thyroid gland iodine is an indispensable constituent for the
synthesis of the thyroid hormone, thyroxine (1) and trilodothyronine
(13) which are essential for normal growth, physical and mental
development in man and animals. The most familiar effect of iodine

deficiency is goitre (enlargement of thyroid gland) with a number of

physiological disorders on the foetus, neonate, the child, adolescent
and the adult in the whole population collectively termed as iodine
deficiency disorders (IDD). The role of iodine deliciency as an
environmental determination in the development of endemic goitre is
established. However many agents in the environment inlerfere with
thyroid gland morphology and function acting directly on the gland
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or indirectly by altering the regulatory mechanism of thyroid gland.
"The uptake and utilization of iodine, by the thyroid gland is impaired
by the pseudo halide thiocyanate (SCN ). Thiocyanate is formed from
cyanogenic substances. It is metabolized in thyroid gland. The role of
thiocyanate ion in the homeostasis of thyroid is a provocative issue
where IDD persists inspite of adequate iodine intake and consumption
ol cyanogenic plant food is relatively high. The article reviews the
physiology of the thyroid gland in relation to iodine and thiocyanate
metabolism,

Bioavailability of Todine and Thiocyanate
lodine

‘There isa cycle of iodine in nature. Mostiodine is present in oceans,
It was present during the primordial development of earth, but large
amounts were carried by wind, rivers and floods into the sea. lodine
accurs in the deeper layers of the soil and is found in oil-well effluents.
Water from deep wells can provide miajor source of iodine. In general,
the older and explored soil surlace the more likely it is to be leached of
iodine [1].

The dietary source of iodine is the food crops grown in the region
and drinking water. Meat. fish and dairy product are also the main
source of iodine. In sea fish and seaweeds contain high amounts of
iodine. Supplementations of iodine through sall, water, bread are the
additional sources ol iodine specially in iodine deficient area.

Thiocyanate

Cyanide in trace amount is almost ubiquitous in plant kingdom and
occurs mainly in the form of cyanogenic glucosides and glucosinolates
(thioglucosides); both are nitrogen containing secondary metabolites
share a number of common features. They derive biogenctically from
amino acids and occur as glycosides which are stored in vacuoles, They
lunction as prefabricated defense compounds that are activated by the
action of a -glucosidase in case of emergency, releasing the deterent:
loxic eyanide [rom cyanogens or isothiocyanates from glucosinolates
12].

When the cyanogenic plants are wounded by herbivores and
other organisms, the cellular compartments are broken down
and the cyanogenic glucosides come in contact with an active
f-glucosidase having broad specificity, which hydrolyses them to
yield 2-hydroxynitrile (cyanohydrin) that is further cleaved into the
cortesponding aldehyde or ketone and HCN by a hydroxynitrile lyase.
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HCN is highly toxic for animals and microorganism duce to its
inhibition on enzymes cytochrome oxidases (respiratory chain) and
its binding to other enzymes containing heavy metal ions: The lethal
dose of HCN in man is 0.5-3.5 mg/kg after oral administration and
death of animals or man reported alter the consumption of plants
with cyanogenic glycosides, whose concentrations can be upto 500 mg
HCN/100 g seeds. Normally 50-100 mg HCN/100g seeds and 30-200
mg/100 g leaves have been reported [3].

Animals can rapidly detoxiy small amounts of HCN by
rhodanese. A number of herbivores can tolerate HCN at rest in
lower concentrations [4]. Cyanogens are active and potent chemical
defense compounds. HEN s toxin for plants which synthesize them
HCN
combines with L-cysteine to yield 3-cyanoalanine by p-cvanoalanine

To prevent autotoxicity, a detoxification pathway exists

synthase, cyanoalanine is hydrolyzed by p-cyanoalanine hydrolase o
L-aspargine. p-cyanoalanine synthase occurs in all plants but likely 1o
be more in strongly cvanogenic species [2] shown in (Figure 1),

Glucosinolale

Glucosinolates are similar to cyanogens in many respects, but they
contain sulphur as an additional atom. Under hydrolysis, glucosinolates
liberate D-glucose, sulphate and an unstable aglycone, which may form
mnihmc}'mmlu (common name mustard ni|} a5 main |!1'nduct under
certain conditions, or a thiocvanate, a nitrile or cyano epithioalkane

All plants which sequester glucosinolates also possess thioglucoside
glucohydrolases (commonly known as myrosinase) that can hydrolyze
glucosinolates o D-glucose and  an  aglycone,  spontancously
rearranging o isothiocyanate. These hydrolases are stored in the cel!

wall, in endoplasmic reticulum, Golgi vesicles and mitochondria

When the tissues are wounded or disintegrated, the enzyme
and its substrate come together liberating the pungent and repellant
isothiocyanate.  Depending  on  the
enzymes and other compounds, present, the aglycone can rearrange

environmental  condition,
o isothiocyanates as the most common product, or to nitriles,
thiocvanates or cyano-epithioalkanes or oxazolidine-2-thiones (Figure
2}

A number ol isothiocyanates are liophilic. volatile with a pungent
smell and taste, while others are not volatile and pungent smelling,
but have otherwise similar properties. Isothiocyanales can penelrate

O NH Q oH
\ ¢ e \E !
CH3 -GN | |
| CH; c

- 1

HC |=NH -

Ha

———— HC=NH , ———— |

HC=NH

COOH

Detoxification of HCN by Plants & Animals

Figure 1: HCN deloxification in animals and planls
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Degradation of Glucosinolates

Figure 2: Degradation (defense activation) of Glucosinolates.

through biomembranes and they have many physiological actions.

Glucosinolates are thus considered as pretormed detense chemicals
which are activated during emergency. They have a wide range of
activities and important specially in plant-harbivore but also in plant-
plant and plant-microbe interactions.

Thyroid Physiology
Thyroid morphology/histology

‘The morphological profile of thyroid cells can be altered by dietary
iodine. A low iodine diet causes distinctive functional alteration in
thyroid cells. Some of the effects are direct result of jodine deficiency
and the others are the secondary by elevated serum TSH level. In
contrast high doses of iodine cause various responses depending on the
dose of iodine given, the duration of the experiment and the route of
administration [3]

Feeding of thiocyanate in rats at relatively high dose showed
increased weight and abnormal histology of the thyroid. The histological
features of the thyroid of animals from iodine non supplemented
thiocyanate added groups ( KI+SCN) indicated hypo functioning
of the thyroid with a marked decrease in colloid containing follicles
and significant proliferation of new follicles with indistinct lumen
(hyperplasia) in contrast to the iodine supplemented control animals.
The thyroid of rats deprived of KI (-KI) also showed a decreased in
mature [ollicles and mild lollicular hyperplasia. Colloid content ol the
lollicles was however unaltered [6].

d (seeds and
leaves), turnip, radish, brussel sprout, sprouts of Brassica family,

Cruciferous plants viz., cabbage. cauliflower, musts

bamboo shoot and cassava from non-Brassica family constitute a
maior portion of human diet contain naturally occurring goitrogenic
substances or thiocyanate precursors (glucosinolates and cyanogenic
glucoside). Extreme dilferences in the goitrogen content of these plants
belong to same family and same taxonomy owing to their genelic
and ecological backgrounds have also been reported [7]. Besides, the
goilrogenic / anti-thyroid potential of the plant foods not only depend
on their relative concentrations of the goitrogenic constituents as
found in fresh plants but as also on their processing as foods [8]. The
histological status of thyroid alter prolonged feeding of cyanogenic
plant foods e.g., fresh and cooked radish, wrnip, cassava, bamboo
shoot etc. by replacing 1/3 portion of the diet with and without iodine
supplementation was investigated [9]. The thyroid follicles were lined
by cuboidal cells with distinct nucleus showing hypertrophy and

Volume 4 « Issue 3 « 1000171
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hyperplasia filled with less homogeneous colloid: some lollicles were
invaded by epithelial cell. Increase in the number of comparatively small
follicles was one of the characteristic features. On the contrary, in the
control rat, thyroid follicles were almost equal in size, lined by [ollicular
cells hlled with colloid. Alterations were found in the thyroid structure
between the fresh and cooked cyanogenic plant fed rats. Variation in
the number and size of follicular cells and colloid content was observed
in KI- supplemented and non- supplemented plant fed group of rats.
In addition, colloid stained more with eosin in the experimental group
(-K1) as compared to control and KI- supplemented (1 KI) group of rat
for the variation of concentration of iodine [ 10,11].

Consumption ol excess cyanogenic plants in relation to iodine
is considered as an etivlogical factor for the persistence ol jodine
deliciency disorders in many regions. Morcover, in spite ol salt
iodization, residual goiter stll persists [12-14].

Therefore moderate intake of iodine could be suflicient to meet
the requirement but may not ensure normal thyroid in the presence of
goitrogens like thiocyanate that come through cvanogenic plant which
contributes a major portion of human diet of the people living in semi-
arid region ol the world.

Iodide uptake

Thiocyanale has been considered as a possible cause of thyroid
disorders because it inhibits iodide transport [15-17], The effect of
thiocyanate on iodide transport in different TSH concentrations
were studied in porcine thyroid cultured cells and found that SCN
concentration =10 pmol/ L inhibited iodide uptake in a dose response
manner regardless of TSI concentration, It has also been reported
that follicles without preincubation and with 24hr preincubation by
thiocyanate showed identical inhibition [18].

cAMP production and Na“K" - ATPase activily

cAMP production and Na'K'- ATPase aclivity were measured in
thyroid follicular cells to investigate the mechanism of inhibition of
iodide uptake by thiocyanate. The presence of 200pmol/L. thiocyanate
for 24hr did not inhibit TSH mediated ¢cAMP production in the
cultured thyroid follicular activities of Na'K* A'TPase i the control
and the thiocyanate group were almost same [18].

All these results indicate that inhibition ol iodide uptake by
thiocyanate is independent of TSH concentration and that thiocyanate
does not affect cAMP generation or Na'K'- ATPase activity. Then the
question arises how thiocyanate inhibits iodide transport. [19] have
described thyroid iodide translocator, a Na dependent iodide transport
protein ditferent from Na'K' ATPase, in the phospholipids vesicle of
plasma membrane; and speculated that thiocyanate inhibits the system
[17]. Their model is also convenient to explain competitive inhibition of
iodide transport as thiocyanate and iodide are common substrates for
the iodide transporting protein, Competitive inhibition is important to
understand the action of thiocyanate in vivo because iodine deficiency
may lacilitate action of thiocyanate or an excessive iodine intake may
diminish the action ol thiocyanate in thyroid gland.

Metabolism of thiocyanate in thyroid

The concentration of thiocyanate in thyroid is fairly constant.
There is no concentration gradient for thiocyanate between the thyroid
and serum, the ratio (T/S) varying from 0.29 - 0.34.Thiocyanate ion is
metabolized by the thyroid of rat. Sulphate is the major sulfur product;
iodine is a potent inhibitor of the metabolism of thiocvanate. On the
contrary there is a maximal inhibition ol the concentration of iodide
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by the thyreid at time when the serum level of thiocyanate ranged [rom
180 - 286 umol/ml. It would appear that there is narrow ranged between
the level of thiocyanate in the serum of ral and the level at which there
is an inhibition of the concentration of iodide by the thyroid. Thus the
role thiocyanate ion il any in the homeostasis of thyroid was found
important [20].

Monovalent anions with a molecular size corresponding to that
ol iodine viz. SCN are concentrated in the thyroid and inhibits the
normal metabolism of iodine [21]. Thiocyanate not only interferes
with the uptake of iodide but also on the iodination of thyroglobulin,
‘Thiocyanalte is therefore, a potent antithyroid substance and may cause
hypothyroidism at high concentrations [22]. However, short term
administration of thiocyanate, serum levels of thiocyanate < 18mg/
I. did not suppress thyroid function. Because thiocyanate is largely
exerted through kidney and can therefore, be accumulated in the body,
results from short -~ and long term -~ experiments are however, not fully
comparable [22].

Todide efflux

Thiocyanate has been reported to increase iodide efflux [23] and
in vivo model thiocyanate is more potent for iodide efflux than for
inhibition of iodide transport. In culture thyroid follicles thiocyanate at
lopmol/L or greater increased iodide efflux from the thyroid follicles.
‘The degrees of 1odide efflux by [0pmol/l and 100pmol/L thiocyanate
were almost the same. Even the increment of iodide efflux was minor
at 200pmol/1L in comparison with that of 10pmol/1. thiocvanate [18].

lodide organification

Thiocyanate decreases iodine organification in a dose response
manner. The decrease in iodine organification occurred in parallel to
the decrease in jodide uptake. To study whether thiocyanate has an
independent inhibitory action on iodine organification, thyroid tollicles
were incubated with the mixture of Na T and Nal for 2 hrs to load
iodide; then 50 pmol/L thiocyanate was added. Alter the addition of
thiocyanalte, iodide uptake becomes plateau and iodine organilication
decreased significantly indicating that thiocvanate inhibils iodine
organification independent of iodide uptake [18].

Thyroid peroxidase (TPO)

Cyanogenic constituents allect hormone synthesis in thyroid gland
cither by inhibiting iodide uptake or interfering the activity of thyroid
peroxidase (TPO) i.e., by inhibiting the organification of iodide (I leads
to 1,) or iodination ol tyrosine in thyroglobulin followed by coupling
reaction [24-28]. The goitrogen content of a number of cyanogenic
plant foods of Indian origin and their in vitro anti thyroid activity in
raw, boiled and cooked extract s with and without extra iodide have
been studied by Chandra et al, (2004). The relative anti TPO potency
of the studied plants and PTU equivalence was also determined by
estimating the amount of plant [ood or PTU capable of producing 50%
inhibition (IC_} of TPO activity. The 1C, was highest in bamboo shoot,
followed by cassava, mustard, cauliflower, radish, turnip and cabbage.
‘This observation was confirmed by PTU equivalence ot the studied
plants

After the feeding ol the cyanogenic plants in experimental animals
for a prolonged period, the TPO activity of thyroid of the treated
animals was reduced markedly [29-42]. As mentioned cyanogenic
glucosides are readily converted into active goitrogenic agent
thiocyanate by glucosidases and sulphur transterase enzymes present
in the plant or in the animal tissue. Thiocyanate or thiocyanate like
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compounds primarily inhibit iodide concentrating mechanism of the
thyroid, however at high concentration thiocyanate (SUN} inhibits the
incorporation of jodide into thyroglobulin by competing with iodide
at the thyroid peroxidase level [43] and forming insoluble iodinated
thyroglobulin in thyroid [44]. Iigh concentration of thiocyanate is
also responsible for inhibition of TPO catalyzed oxidation (I leads
to 1,) [28] while glucosinolates undergo a rearrangement to form
isothiocyanate derivatives [26]. Isothiocyanate reacts spontancously
with amino groups to form thiourea that interferes in thyroid gland
with organilication of iodide and formation of thyroid hormone and
this action cannot be antagonized by the iodide [43].

T3/T, synthesis

Al low doses, thiocyanate was shown to inhibit the uptake of
iodide; in addition it also affects the organic binding there by influence
in the thyroxine synthesis. The latter effect of thiocyanate cannot be
counteracted by excess iodide. Further, thiocyanate causes depression
in protein bound thyroxine levels with concomitant increase in free
thyroxine levels [45]. The reduced total circulating thyrosine levels
could be a consequence of reduced thyroxine synthesis, depression in
protein bound thyroxine levels and the utilization of free thyroxine
levels by the peripheral tissues. Feeding of cyanogenic loods viz,
bamboo shoot [39-41], radish (Raphanus sativus Linn) [34-36], cassava
(Manihot esculata crantz) |34 36], maize (Zea mays Linn), cabbage,
caulitlower, mastered etc. decreased the serum total T and T levels
significantly. As mentioned, reduced TPO activity may be responsible
for decreasing thyroid hormone levels because it regulates the synthesis
of thyroid hormone.

Iodine/ thiocyanate ratio

‘The studies in Zaire have shown that cassava a staple diet in the
region has definite antithyroid action in man and animals, resulting
in the development of endemic goiter and cretinism. This action is
due to the endogenous release of thiocyanate (SCNJ from linamarin,
a cyanogenic glucoside contained in cassava despite the fact that the
cassava is consumed a large scale within tropics. however goiter and
cretinism are not found in all population, where staple food is cassava.
One possible explanation for the lack of goitrogenic action of cassava
in some populations may be that they have a high iodine intake [46].

The development of goiter is critically related to the balance
between dietary supplies of iodine and SCN. Under normal conditions,
the urinary excretion of iodine (UEI) and thiocyanate (UESCN) or
UEL/ UESCN or I/SCN is higher than 7. Endemic goiter develops when
it reaches a critical threshold about 3 and becomes hyperendemic,
complicated by endemic cretinism when it is lower than 2. The validity
ol this ratio as an index of the risk of development of goiter has been
demonstrated by comparative studies conducted in different regions
ol Zaire [46].

In Manipur and Tripura of north- east India and Siddhartha nagar
in the foot hills of Himalayas, universal salt iodization is in progress and
the people consume adequate iodine, they also consume cyanogenic
plant foods regularly in relatively considerable amount. Goiter is
prevalent in the areas as mentioned and the UIL is almost adequate. In
India, mean urinary thiocyanate level from non-endemic population
is 0.504 L 0.19 mg/dl [14]; the SCN levels in all those arveas is much
more. Therefore the contribution of SCN in the persistence of residual
goiter during post salt jodization phase may not be ruled out. However
the validity of I/SCN as mentioned (i.c., below 7) is not universal. This
is consistent with earlier studies / report [8]; [/SCN ratio was a useful
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indicator in the epidemiological studies in Zaire that elucidated the
goitrogenic effect of SCN from cassava consumption [46]. However the
proposed use of a defined threshold of 3 for this ratio for prediction of
goiter (requency has several limitations, First it requires that the ratio
is not clearly defined. 1t has been used as both the mean of individual 1/
SCN ratio. and as the ratio between mean I/ mean SCN. As there ratios
are mathematically different. they yield different results, Secondly, the
distribution of individual I/SCN ratio is much skewed and that if any
summary statistics is 1o be used the median and mode are preferable
to the mean, A third limitation with the use of this ratio is that very
high thiocyanate load will yield serum levels that exceed the kidney
threshold. Urinary excretion of SCN is therefore not linearly related
to the serum levels that exert the effect on the thyroid. Finally the often
pronounced seasonal variation of cyanide exposure from cassava can
result in 10 to 15 fold variations of SCN and this must be considered
when estimating goitrogenic effect [47].

In the semi-arid region where the agricultural production of
cyanogenic plant food and consumption of thiocyanate are more, the
balance between the dietary supplies of iodine (I) and thiocyanate
(SCN) play important role in the etiopathogenesis of endemic goiter
and associated disorders but for the prediction of this ratio is vet to be
determined.

Excretion of lodine and Thiocyanate

‘The concentration of iodine in urine is the most widely used as
biochemical marker of nutritional iodine deficiency as most of the
body's 1odine is excreted in the urine, usually over 90%. For surveys
it is Lo collect 40-50 samples (rom an area and express the iodine as a
concentration (pg/dl urine). A median urinary iodine concentration of
10 pg/dl in an area indicates no iodine deficiency [48].

Ingeston of the Brassica vegetables in human causes a rise of
thiocyanate ion in blood followed by its appearance in urine, The
thiocyanate level was found Lo drop as soon as the cating of the plants
was discontinued [49]. As mentioned the urinary excretion of SCN
{after a very high thiocyanate level) is not linearly related to the serum
levels that exert the elfect on the thyroid [50,51].

Inspite of adequale iodine nutritional status, endemic goiter is
prevalent in many regions because the urinary iodine does not always
truly reflect the iodine nutritional status in an environment where
consumption of food containing thiocyanate precursors is relatively
high [31-33]. Excess thiocyanale thus not only inhibit the iodine
concentrating mechanism by inhibiting unidirectional clearance iodide
from the thyroid gland but also the jodine retaining capacity of thyroid
and body is also dependent on the consumption pattern of cyanogenic
plant tood [34 36].

Closing Remarks

In the semi-arid region, the cyanogenic plant food is grown and
commonly consumed by the people and thus regular exposure of
thiocyanate or its precursor is relatively high. It is also higher in
cigarette smokers. When the dictary supplies of iodine and thiocyanate
reach a critical point, endemic goiter and associated iodine disorders
develops. On the other hand, iodine enters in the body through food
and water but its availabilities vary on the geographical location.
Therefore dietary supplies of iodine and thiocyanate vary from region
o region depending on the availability and consumption patlerns.
‘Ihe intake of iodine in relation to SCN and vice versa is a determinant
for the causation of thyroid disorders viz. iodine deficiency disorders
(IDD).
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e lodide itsell is goitrogenic when il is presented in excessive
in serum. Indiscriminate consumption of iodide salt regularly in
environmental iodine sullicient region may be a risk factor for the
development of autoimmune thyroid disorders, thyroid carcinoma.
iodine- induced hypo and hyper thyroidism in long run. Conversely,
intake of high thiocyanate is also goitrogenic if the intake of iodine is
nol satisfactory.

e Thus the question arises what should the ‘adequate’ or
‘optimum’” level of todine? Will this remain at uniform level all over
the country irrespective of its geographical distribution ol iodine and
L‘umumplion pattern ol (|icld1‘)‘ guiir(:gcns as cyanogenic Plam foods.

e Experimental observations revealed that thiocyanate feeding
inhibits iodine absorption by the mammary gland as well as by the
thyroid. Such an eflect on mammary gland conserves the iodine lor
the lactating animals bul lowers iodine content milk for his young.
Therefore lactating mothers ingesting thiocyanate ion could possibly
cause goiter in her young affecting the development of loetus.

« Mild and moderate iodine deficiency due to thiocyanate
overload associated with iodine deficiency affects intelligence, fine
motor skills, problem solving capacity etc of the children and thus
evaluation of their brain damage is important.
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Recent Articles
The most common foods that reduce thyroid hormone production (when consumed in

excess), and what you can do for your thyroid.

The most common toods that reduce thyroid hormone production {when consumed in excess, especially if raw) belong
ta the mustard family of cruciferous vegetables known as brassicas (kale, maca, broccoli, cabbage, mustard, etc) due to
their higher than usual levels of sulfur-containing compounds (which provide the pungent taste characteristic of the
mustard family).

Brassica foods have health benefits for the immune system and with detoxification due to their suffur tompounds, yet
sulfur compounds, when taken in excess, and not counterbalanced by iron-rich or iodine-rich foods, lead to a reduction
in thyroid hormones. Other non-brassica foods also lower thyroid tunction (both are listed toward the bottom of this
article) like estrogen promoting soy products, stimulants, alcohol, concentrated sugars, certain grains, and various
common foods, due to their tendency to compete with iron and iodine, deplete minerals, or disrupt hormone reception
in the body.

The largest food group with thyroid lowering influences are the brassicas which offer both benefits and detriments to
overall body health depending an the existing mineral balance in your body at the time of consumption.

Horeis what vou need Lo know inorder 1o balance the good and bad among cammaon health foods in your diet taday:

Sulfur in Brassicas

Brassicas contain a sulfur compound called isothiocyanates (mustard oil) which block the production of thyroid
peroxidase (TPQ). the enzyme that transfers iodine to the thyroid hormones and to mother's milk. The net effectis a
reduced production of thyroid hormones due to the absence of the fundamental building block for thyroid hormones -
iodine (a characteristic which may actually have its benefits in hyper thyroid conditions).

Brassica isothiocyanates have also shown to disrupt signaling across the thyroid cell membranes thereby reducing
hormone transporlalion to other parts of Lhe thyraid.

Isothiocyanates, (as members of the glucosinolate family of compounds) are associated tohyperplasia (enlargement due
to increased cellular replication) and hypertrophy (enlargement due to increased cellular size) of the thyroid gland
inruminantanimalsby inhibiting the uptake of iodine https:/fjournals.uair.arizona.edu/index.php/jrm/article
Iview/9648/9260

Brassicas also contain a sulfur amino acid, SMCO. The sulfur in brassicas compete for iron leading Lo goiler and anemia.
Reduced iron leads to a reduction in oxygen to the cells and thereby a disruption in the production of cellular ATP
(required for energy). Feelings of lethargy and chronic fatigue are the common result.

Iron deficiency impairs selenium utilization, yet selenium is essential for the proper utilization of iodine. (Zimmerman
MB and Kohrle J. The impact of iron and selenium deficiencies on iodine and thyroid metabolism: biochemistry and
relevance to public health. Thyroid 2002;12:867-78).

Consumed in excess, Lhe high sulfur levels in brassicas {also in eggs, onions, garlic and Black Sall/Pink Sulfur Salt) will
compete for iron and iodine and thereby reduce the absorption of selenium in the body which is iron dependent. Yet
these conditions exist only where an insufficient mineral/nutrient support exists in sufficient quantities to offset the
jodine/iron drain from the brassica sulfur compounds.

Seaweeds (in Thyroid Balance, Earth & Sea Greens, and Vital Cleanse & Nutrify) for iodine, and Sacred Clay for iron,
provide usable forms of offsetting nutrients required for optimal functioning of the thyraid when consuming moderate
amounts of brassicas and other sulfur-rich foods.

While an excess of sulfur can cause anemia, a proper balance of sulfur, iron, selenium and iodine (along with numerous
other mineral ratios that depend upon each other in relationship to these) can provide the body with powertul health-
building properties.

1ol 7 8/29/2017. 10:48
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Abstract Go to

Osteoarthritis is a major cause of disability and there is no current pharmaceutical treatment which can
prevent the discase or slow its progression. Dictary advice or supplementation is clearly an attractive
option since it has low toxicity and ease of implementation on a population level. We have previously
demonstrated that sulforaphane. a dictary isothiocvanate derived from its glucosinolate precursor which
is found in broceoli. can prevent cartilage destruction in cells. in in vitro and in vive models of
osteoarthritis. As the next phase of this research. we enrolled 40 patients with knee osteoarthritis
undergoing total knee replacement into a proof-of-principle trial. Patients were randomised to either a
low or high glucosinolate diet for 14 days prior to surgery. We detected ITCs in the synovial fluid of the
high glucosinolate group. but not the low glucosinolate group. This was mirrored by an increasc i s
and specifically sulforaphane in the plasma. Protcomic analysis of synovial fluid showed significantly
distinct profiles between groups with 125 differentially expressed proteins. The functional consequence
of this dict will now be tested in a clinical trial.

introduction Go to:

Osteoarthritis (OA) of the hip or knee is ranked as | 1" of 291 conditions that contribute to global
disability: and 111$ consequent-years lived with disability (YLDs) are estimated to have risen by 61%
from 1990-2010 . There are no discase-modifying OA drugs (DMOADs) currently available. and
pharmacological interventions provide symptomatic relief only. which is frequently insufficient =

The National Institute for Health and Care Excellence (NICE) and the American College of

lof 14 8/29/2017. 16:29
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Metabolism, kinetics and
genetic variation

Humans

Ingested isothiocyanates are metabo-
lized prnincipally through the mercap-
luric acid pathway and excreted in
urine as dithiocarbamates. mainly in
the form of N-acetylcysleine conju-
gates. The inibal reaction wilh
glutathrione (GSH) may be either spon-
taneous or may be catalysed by GSH
transferases (GSTs). The role ol GST
polymorphisms in exposure of issues
to isothiocyanales and excretion of
igothiocyanates remains unresolved.

Analytical methods, especially the
cyclocondensation assay. have
enabled quantification of isothio-

cyanates in cruciferous vegetables and
of isothiocyanates and their dithiocar-

with GSH and excretion via the mer-
captunc acid pathway. but minor path-
ways, such as hydrolysis.
oxidation—reduction. ring hydroxylation
and alkyl-chain degradation, may be
used. depending on the structure of
the compound. Analysis ol urinary
metabolites has shown thal there are
species diflerences n the mal 3
isothiocyanates JStudies with radio-

labelled is0thiocyanates show  that
these compounds are  readily
o

absorbed into blogd and ussues and

are eliminated. almost  completely
— —————

within 24—-48 h of oral administration

“tile information 1s availabie on the
melabolism and distribution of indoles
in animals led cruciterous vegetabies
The late of purified ndole-3-carbinol
has been examined i rals and trout,
whereas the late ol ascorbigen has
studied only

been i mice. Purified

enzymes. Studies of struclure—activity
relationships have shown that aromatic
isothiccyanate compounds with longer
alkyl chains or greater ipophilicity have
enhanced inhibitory action against
these enzymes. These sludies have
resulted in identification of some isoth-
iocyanales that are remarkably power-
ful inhibitors of cytochrome P450
enzymes.

Cancer preventive effects

Humans

Sludies ware considered in this evalu-
ation only if tha reports provided esti-
mates of risk along with statistical con-
fidence intervals for estimated con-
sumption of all cruciferous vegetables
or for specific cruciferous veqaetables.
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Abstract

The identificetion of bady Auids 5 impartant n farensic science. This paper describes the application of mid-
infrared and Raman spectrascopies in e non-gdestructive identificetion of humen blood and semen, where
orher detalled nformation can glso be obtained in one single measurement. Semples of human bload and
cemen were probed and characienzed wilizing Atiequated Towl Reflect an Fournier Transform infrared (ATR-
=T 'R and confocal Saman spectroscooies. The result shows their abiliny @ identfy an unkncwn substance 1o be
hurnan blocd or semen withoust the use of chenvical reagents. Age determinatisn of dried blood and zemen
500t through thelr mid- rfrared soectra was nuestgated woich could probably be wzed durng forensic

casewark. Furthermore the origin of te Reman scattering peaks of human semen at 2207 and 2968 et is
deta ledly analyzed which has not been studied in greviows lizerature. Overall this ootical detection and
idemtificaticn method exhibits advantages over conveniional chemical methods in terms of non-desiricton
high sensithvity a2id detection and direct conf nMmaton
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Gyanide Chemistry

Gyanide Species

The term cyanide refers to a singularly charged anion consisting of one carbon atom and one nitrogen atom
joined with a triple bond, CN™. The most toxic form of cyanide is free cyanide, which includes the cyanide anion
itself and hydrogen cyanide, HCN, either in a gaseous or aqueous state. Ata pH of 8.3 - 9.5, CN" and HCN are
in equilibrium, with equal amounts of each present. At a pH of 11, over 99% of the cyanide remains in solution
as CN-, while at pH 7, over 99% of the cyanide will exist as HCN. Although HCN is highly soluble in water, its
solubility decreases with increased temperature and under highly saline conditions. Both HCN gas and liquid
are colorless and have the odor of bitter almonds, although not all individuals can detect the odor.

Cyanide is very reactive, forming simple salts with alkali earth cations and ionic complexes of varying strengths
with numerous metal cations; the stability of these salts is dependent on the cation and on pH. The salts of
sodium, potassium and calcium cyanide are quite toxic, as they are highly soluble in water, and thus readily
dissolve to form free cyanide. Operations typically receive cyanide as solid or dissolved NaCN or Ca(CN),.
Weak or moderately stable complexes such as those of cadmium, copper and zinc are classified as weak-acid
dissociable (WAD). Although metal-cyanide complexes by themselves are much less toxic than free cyanide,
their dissociation releases free cyanide as well as the metal cation which can also be toxic. Even in the neutral
pH range of most surface water, WAD metal-cyanide complexes can dissociate sufficiently to be
environmentally harmful if in high enough concentrations.

Cyanide forms complexes with gold, mercury, cobalt and iron that are very stable even under mildly acidic
conditions. However, both ferro- and ferricyanides decompose to release free cyanide when exposed to direct
ultraviolet light in aqueous solutions. This decomposition process is reversed in the dark. The stability of
cyanide salts and complexes is pH dependent, and therefore, their potential environmental impacts and
interactions (i.e. their acute or chronic effects, attenuation and re-release) can vary.

Metal cyanide complexes also form salt - type compounds with alkali or heavy metal cations, such as
potassium ferrocyanide (K4Fe(CN)g) or copper ferrocyanide (Cus[Fe(CN)gl), the solubility of which varies with
the metal cyanide and the cation. Nearly all alkali salts of iron cyanides are very soluble, upon dissolution these
double salts dissociate and the liberated metal cyanide complex can produce free cyanide. Heavy metal salts
of iron cyanides form insoluble precipitates at certain pH levels.

The cyanide ion also combines with sulfur to form thiocyanate, SCN™. Thiocyanate dissociates under weak
acidic conditions, but is typically not considered to be a WAD species because it has similar complexing
properties to cyanide. Thiocyanate is approximately 7 times less toxic than hydrogen cyanide butis very
irritating to the lungs, as thiocyanate chemically and biologically oxidizes into carbonate, sulfate and ammonia.

The oxidation of cyanide, either by natural processes or from the treatment of effluents containing cyanide, can
produce cyanate, OCN". Cyanate is less toxic than HCN, and readily hydrolyzes to ammonia and carbon
dioxide.

Gyanidation

The process of extracting gold from ore with cyanide is called cyanidation. The reaction, known as Elsner's
Equation, is:

4Au+8CN + Oy +2Hy0=4Au(CN)y. + 4 OH

lof2 8/30/2017. 14:19
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Although the affinity of cyanide for gold is such that it is extracted preferentially, cyanide will also form
complexes with other metals from the ore, including copper, iron and zinc. The formation of strongly bound
complexes such as those with iron and copper will tie up cyanide that would otherwise be available to dissolve
gold.

Copper cyanides are moderately stable; their formation can cause both operational and environmental
concerns, as wastewater or tailings from such operations may have significantly higher cyanide concentrations
than would otherwise be present in the absence of copper.

High copper concentrations in the ore increase costs and lower recovery efficiencies by requiring higher
cyanide application rates to compensate for reagent that complexes with copper rather than gold.

Cyanidation is also adversely affected by the presence of free sulfur or sulfide minerals in the ore. Cyanide will
preferentially leach sulfide minerals and will react with sulfur to produce thiocyanate. These reactions will also

enhance the oxidation of reduced sulfur species, increasing the requirement for lime addition to control the pH

at a sufficient level to avoid the volatilization of hydrogen cyanide (HCN).

Cyanide chemistry is complex, and those seeking additional information may find the list of reference materials
found at the Code's website helpful:

20f2 8/30/2017. 14:19
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Thiocyanate in plasma and saliva

Matrix: Plasma and saliva

Hazardous substances: Hydrogen cyanide, cyanides and cyanide releasing
chemicals

Analytical principle: Photometry in microtiter plates

Completed in: October 1998

Overview of the parameters that can be determined with this method and the cor-
responding hazardous substances:

Hazardous substance CAS Parameter CAS
Hydrogen cyanide 74-90-8

Cyanides 57-12-5

Sodium cyanide 143-33-9

Potagsium cyanide 151-50-8 o

Cyanogen chloride 506-77-4 Thioeyepate SRS
Oxalic acid dinitrile 460-19-5

Acetonitrile 75-05-8

Acrylonitrile 107-13-1

Summary

Thiocyanate (rhodanide) is the main metabolite of cyanide and can thus be used as
biomarker for exposure to cyanide or to cyanide releasing chemicals. Especially for
chronic exposure to low cyanide concentrations, such as occur for example in
smoking and at a number of workplaces, thiocyanate in plasma and saliva is a sui-
table biomarker. The procedure described here is based on a method published by
Degiampietro et al. [1] and permits the rapid and reliable determination of thiocya-
nate in plasma and saliva. It is a photometric method performed in 96-well plates
for high throughput using a plate reader. When Fe(I11) ions are added to samples
containing thiocyanate (SCN-), a red complex is formed, which is measured close
to its absorption maximum at 492 nm. After addition of mercury(l1) nitrate, which
forms a colourless [Hg(SCN),J* -complex, the sample blank value is determined
and subtracted.

The MAK-Collection Part TV: Biomonitoring Methods, Vol. 13
DIG, Deutsche Forschungsgemeinschall
© 2013 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2013 by Wiley-VCH Verlag GmbH & Co. KGaA
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Analytical Methods

Thiocyanate in plasma

Within day precision: ~ Standard deviation (rel.) 5, =17.4% or 4.2%
Prognostic range u=48.4% or 10.8%
at a concentration of 1.33 mg or 12.4 mg thiocyanate per
litre plasma and where n =5 or 6 determinations

Day to day precision:  Standard deviation (rel.) 5.=12.8% or5.1%
Prognostic range u=30.2% or 12.0%
at a concentration of 2.49 mg or 11.0 mg thiocyanate per
litre plasma and where n = 8 determinations

Accuracy: Recovery rate (rel.) r=114.8% or 98.4%
at a nominal concentration of 2.71 mg or 12.1 mg thio-
cyanate per litre plasma and where n = 4 determinations

Detection limit: 0.76 mg thiocyanate per litre plasma

Quantitation limit: 2.28 mg thiocyanate per litre plasma

Thiocyanata in saliva

Within day precision:  Standard deviation (rel.) 5y = 1.4% or 2.9%
Prognostic range u=23.9%or8.1%
at a concentration of 38 mg or 167 mg thiocyanate per li-
tre saliva and where n = 5 determinations

Day to day precision:  Standard deviation (rel.) sw=27%or 1.2%
Prognostic range u=06.4% or 2.8%
at a concentration of 36 mg or 162 mg thiocyanate per
litre saliva and where n = 8 determinations

Accuracy: Recovery rate (rel.) r=103% or 100%
at a nominal concentration of 38.9 mg or 112.7 mg thio-
cyanate per litre saliva and where n = 4 determinations

Detection limit: 0.76 mg thiocyanate per litre saliva
Quantitation limit: 2.28 mg thiocyanate per litre saliva
Thiocyanate

Detoxification of cyanide, a potent inhibitor of cellular respiration, occurs primarily
through formation of thiocyanate. The major mechanism to form thiocyanate in
the human body is the enzymatic transfer of a sulfur atom from thiosulfate to the
cyanide by thiosulfate sulfurtransferase (rhodanase) [2] (Figure 1). Thiocyanate in
body fluids (plasma, saliva, urine) can therefore be used as a biomarker of expo-
sure to cyanides or to cyanide-releasing chemicals. On account of the relatively
long half-life of 6-14 days in the mentioned body fluids [3, 4], thiocyanate is espe-
cially suitable for the detection of chronic low-dose exposure to cyanide, whereas
the determination of cyanide in blood is mainly used for acute cyanide exposure
2].

Gascous hydrogen cyanide is liberated from cyanide salts when in contact with
acids or carbon dioxide and is thus occurring wherever cyanides are handled. This



Pase 219¢C

Thiocyanate
L-Cysteine
Transaminase
+CN-
3-Mercaptopyruvate » Pyruvate + SCN-
Sulfurtransferase
Sulfurtransferase + S0 3 2-
. +CN-
Thiosulfate + Pyruvate » 8032 + SCN-
Rhodanase

Fig. 1 Thiocyanate formation from cyanide acc. to [5]. Thiocyanate is formed by enzymatic trans-
fer of sulfur from 3-mercaptopyruvate (via sulfurtransferase) or from thiosulfate (via rhodanase)
to cyanide. The formation of thiocyanate mainly takes place via rhodanase.

is the case among others where galvanic baths are used. Hydrogen cyanide is in
addition readily formed from nitriles as acetonitrile, acrylonitrile and cyanohydrins
[6, 7] and is released from the combustion of nitrogen-containing plastics. In addi-
tion, hydrogen cyanide is used as a fumigant on ships.

Compared with non-smokers, smokers show 2 to 3 times higher thiocyanate le-
vels (Table 1). The mainstream smoke of a cigarette contains about 50-200 pg hy-
drogen cyanide [8]. Up to the 1980s, thiocyanate levels were frequently used to
differentiate between smokers and non-smokers, and as an objective measure for
exposure to tobacco smoke. Today, cotinine is used as a more specific biomarker
of tobacco smoke exposure [9]. The specificity of thiocyanate as a marker of expo-
sure to low cyanide concentrations at the workplace or from active smoking is lim-
ited by the fact that cyanides or thiocyanate occur also in several foods. Cyanogenic
glycosides occur in almonds, nuts, pulses, bamboo shoots, beans, linsced and beer.

Table 1 Thiocyanate levels in plasma and saliva of non-smokers and smokers (MV + SD).

Non-smokers Smokers Reference

I'hiocyanale in plasma (mg/1)

3.47 + 2.39 (n=06815) 9.09 + 3.41 (n = 10377) Bliss and O'Connell, 1984 [11]

3.16 + 1.75 (n = 1356) 10.10 + 3.22 (11 =5090) Ockene et al., 1987 [12]

3.08 = 1.59 (n = 3274) 10.04 = 3.03 (11 =4553) Ruth and Neaton, 1991 [13]
Thiocyanate in saliva (mg/1,)
70.9 + 44.2 (n = 242) 158 + 64.5 (n = 287) Bliss and O'Connell. 1984 [11]
75.5 (n = 100) 142 (n =94) Jarvis et al., 1984 [14]

97.0 (miedian) (n = 207) 170 (median) (n = 117) Degiampictro et al., 1987 [1]

279
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Analytical Methods

Furthermore cyanides are present in the sceds of pome and stone fruits and they
are in that way also present in fruit brandies. Preformed thiocyanate (in form of
glucosinolates) occurs in cabbage, root vegetables, mustard and milk [10, 11].
These sources make it generally difficult to evaluate thiocyanate levels as biomar-
ker of exposure for cyanide.

Authors: K. Riedel, H. W. Hagedorn, G. Scherer
Examiner: [. Angerer
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114 Fourier Transform Infrared Spectroscopy Il
Body Fluid ldentification Results & Discussion

Table 3.5: ATR-FTIR peak component identification for saliva.

Wavenumber Component Identification

{em1)

3282

2926, 2850

2059

1645

1452

1393

1239

1080-950

Amide A

Methylene stretches of lipid acyls in oral mucosa

Thiocyanate anions (SCN-)

Amide | (o helix)

Amide [l

Methylene bending of amino acid side chains of
proteins & lipids

Amino acid protein side chains

Amide [11/Phosphaolipids

Sugar moieties (glycosylation)

Vibrational
Mode

H bonded OH

stretching, NH
stretching

Asymmetric &
symmetric CH:
stretching

CN stretching

C=0 stretching

NH bending
coupled to CN
stretching

Asymmetric CH.
bending

Symmetric CH:
bending

CN stretching,

asymmetric PO

stretching

CH:0H groups, CO

stretching and
bending of COlI

groups, symmetric

POz stretching.
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Whole blood and semen identification using mid- ) Chock tor iates
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Abstract

The identificetion of body flvids 5 impartant 'n forensic science. This paper describes the application of nid-
infrared and Raman spectroscopies in e non-destructive identification of humean blood and semen where
other detailed informstion £an also be obtained in one single measuremen. Semples of human blood and
cemien were probed and characiernzad utilizing aAtenuated Tatsl Reflectian Fourier Transtorm infrarad [ATR-
=TR) and confocal Samen speciroscones. The result shows their ability w identfy an unknown substance 1o be
human blood o senmen withouwt the use of chemical reagents. Age getermination of dried blood and semen
_ s through thelr mid-infrared soectra was invesugated wich could probably be uzed durng forensic
cazeywork. Furthermore the origin of the Raman scattering pe-a#:i. of human semen at 2307 and 2968 cmrt s
detalledly analyzed which has not been studied in previows literature. Cverall this ootical detection and
iderfication methad exhibits advantages over conventional chemical methods in termns of non-destructon,
hign sensitivity asid detection and direct conf mation
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