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Abstract

The trend towards ageing populations has been observed over many years in Europe and the
US but has accelerated significantly in developed countries in Asia including Japan and South
Korea. In the latter country the elderly population (65+) has increased 5-fold between 1960
and 2000 and this group will comprise 40% of the population by 2050. This creates a new
socio-economic group with specific demands and considerable spending power. As ageing
occurs a range of changes occur in the body that can be moderated by adjustments in
nutrition. A significant body of evidence points to changes in the balance of glutathione
synthesis and utilisation as people age. Glutathione is the most important natural anti-axidant
of the body and the amounts present can become limited by available cysteine in the diet. A
cysteine-enriched peptide product, Cysteine peption™ has been developed by DMV
International for dietary supplement and food applications. A qualitative consumer trial has
indicated benefits including improved sleep and more energy. Animal and clinical trials will
be described that provide indications on bioavailability and possible mechanisms of action of

Cysteine Peption™ with particular focus on the ageing population.

Introduction

The ageing of populations is a common trend in Europe, US and developed Asian countries.
A combination of factors including economic development, industrialisation, decreasing birth
rates and increased life expectancy due to improved nutrition and medical care have all
contributed to this trend. Between 1960 and 2000 the population of South Korea has
approximately doubled to 47 million. In this period, the elderly population (65+ years) has
increased almost five-fold to 3.4 million [1]. Consequently, the proportion of elderly people in
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the total population has increased from 2.9% to 7.2%. The growth in the elderly community
in South Korea is still accelerating. The proportion of population aged 60+ increased from
10.4% in 1998 to 12.3% in 2003 (Euromonitor). For comparison, in France it took 114 years
for the percentage elderly to grow from 7% to 14% of the total population. On the other hand
in Japan it took only 24 years. Recent estimates suggest that in South Korea it will take a
shocking short 19 years, which would make it the fastest ageing country in the world. Further
projections show that by 2050 40% of the population of South Korea will be over 65 years
old (CSR Asia Weekly) and would surpass Japan as the most aged society in the world.
These changes in population demographics are also accompanied by social changes. More and
more elderly South Koreans are not living with their children but are choosing to live
independently in retirement communities and have created a so called ‘silver industry’ of
affluent silver-haired consumers with considerable disposable income. A study published by
the Samsung Economic Research Institute forecasted that the silver industry was worth 27
trillion won in 2005 compared to 17 trillion won in 2000.

Ageing is characterized by a generalized impairment of physiological functions, which
results in a decrease in ability to respond to a wide range of stress, an increased risk of
development of age-associated diseases and an increased likelihood of death [2]. The risk of
development of cardiovascular and heart diseases as well as cancer increases with age.
Cellular senescence (impairment of the ability to proliferate) accompanies the ageing process,
and very old individuals may develop muscular atrophy and muscle Wasting.

A shift in the thiol/ disulphide redox status (REDST) of the intracellular glutathione pool
and the plasma cyst(e)ine and albumin pools, accompanied with a decrease in plasma thiol
concentration has been found to be associated with ageing [3]. The reasons for this shift are
very complex, but there is increasing evidence that a downward spiral exists which
encompasses lower insulin responsiveness, leading to reduction in muscular protein synthesis,
which in turn lowers the muscular cysteine clearance. Free cysteine is oxidized in the blood
- resulting in the formation of reactive oxygen species (ROS). This depletion of plasma
cysteine reduces the intracellular availability of sulphur containing amino acids to the tissues
as its uptake by most cells is in the cysteine form. The oxidative shift in the thiol REDST
leads to a dysregulation of redox-mediated signaling, which amongst other consequences
affects insulin sensitivity, but also the regulation of the serum albumin synthesis and the
oxygen transport capacity of the blood [3]. This in turn compromises muscular protein
synthesis leading to a lower clearance accompanied with a higher plasma cysteine oxidation -
and so forth.

When considering supportive nutrition for healthy ageing, it is logical to either improve
cysteine availability and/or to re-establish the thiol REDST associated with younger ages.
These simple supports are not as trivial as they sound, because increasing the concentration of
available free cysteine has to take into account that it must not lead to further depletion of the
thiol-related redox-status.
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Indeed, evidence exists that the administration of N-acetylcysteine (NAC) or other cysteine
precursors diminished the symptoms of age-associated diseases in animals, and also showed
promise in human clinical trials with cancer or HIV patients [4]. NAC is normally used for
the treatment of a number of respiratory diseases and as a remedy after acetaminophen
overdosing. However, high doses of NAC were also shown to act as pro-oxidant in healthy
subjects [5].

Free cysteine is toxic and auto-oxidizes rapidly in the plasma, producing potentially toxic
reactive oxygen species (ROS), especially in the presence of iron [6]. To avoid the
intracellular toxicity of free cysteine, almost all of the non-protein cysteine is stored as
glutathione (GSH). GSH is the major sulphydryl-containing compound in cells.

Glutathione is a tripeptide ( 7 -glutamyl-cysteinyl-glycine) which is synthesized in all cells.
GSH cannot be taken up directly by most cells and needs to be degraded before membrane
trafficking of the constituent amino acids. The limiting amino acid cysteine originates either
from GSH itself, from dietary proteins or from methionine, which may be transformed into
cysteine in the trans-sulphuration pathway. The GSH concentration in the liver is 5-10 mM
[71, whilst in the plasma the GSH content is about 2 pM [8]. The cellular cysteine
concentration is much lower than the Km values for the rate-limiting enzyme for the GSH
synthesis, 7 -glutamyl-cysteine synthetase. Therefor, already a moderate increase in
intracellular cysteine is assumed to promote increased GSH synthesis [7].

Theoretically, the reducing capacity of the redox couple GSH/GSSG increases with the total
GSH concentration [9]. This fact underlines the impact of the oxidative shift in the GSH-
_ related REDST associated with the depletion of the absolute GSH concentration in elder
subjects on their oxidative stress resistance. In other words, a preventive approach should both
improve the redox status and increase the intracellular concentration of the redox buffers like
GSH.

The liver is by far the organ with the highest synthetic capacity for GSH and manages most
part of the intra-organ exchange of GSH [10]. About 34 % of the blood passes through the
intestinal system and the liver. The blood derived from the small intestine has to pass through
the liver before it delivers its nutrients to the other parts of the body. In contrast to most other
cell types, the liver is also able to absorb cystine, also referred to as cysteine disulfide, the
oxidized form of cysteine. This fact may explain the pre-eminent role of the liver as a target
organ for nutritional interventions in order to increase the systemic cysteine availability. It also
points to the fact that liver dysfunction, either by infection, alcohol or other toxic damage, or
as a consequence of adiposity, may disturb the systemic availability of cysteine and GSH as

well as their redox status.
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Glutathione is not only the store for systemic cysteine, but fulfills the following roles :

— The body’s most abundant antioxidant and radical scavenger.

- A ligand for electrophiles in the liver detoxification system.
Conjugation with GSH lowers the toxicity of xenobiotics and facilitates their excretion, but
results in a net loss of GSH from the system.

— The major thiol-disulfide redox buffer. In this role, GSH modulates biological processes
like signal transduction, e.g. those involved in the insulin responsiveness [11]; affects the
cell cycle regulation, which has e.g. an impact on wound healing and repair [12] and is

involved in the regulation of the immune activity.

Broad evidence exists showing that GSH is depleted in pathological states like cancer, HIV,
hepatitis or diabetes [13, 14]. Inflammatory states like in arthritis induce oxidative stress which
induce an oxidative shift of the GSH related REDST. Increasing amounts of prescribed
medications for elder people, e.g. pain relievers, exert an additional exogenous stress factor on

the GSH pool due to excretion losses after biotransformation of the drugs.

Development of Cysteine Peption™ for healthy ageing

In order to provide a safe cysteine source for conversion by the body into glutathione by
the body, DMV International developed Cysteine Peption™. This is a milk derived protein
hydrolysate contains the highest cysteine concentration among available food proteins (6.5 %
on protein). We hypothesize that Cysteine Peption™ would be an ideal nutritional supplement
for “successful ageing”-products because :

— The high cysteine content allows a convenient cysteine supply without a high additional
protein load.

— Cysteine Peption™ is transformed into glutathione in the liver, the physiological cysteine
storage form. The benefits for elderly subjects are obvious: increased GSH synthesis will
increase the systemic cysteine availability and at the same time improve GSH dependent
functions, like detoxification.

- Cysteine Peption™ is safe. More than 90 % of the cysteine exists as cysteine disulfide, thus
Cysteine Peption™ doesn’t exert an inherent pro-oxidant potential or toxicity. Since the
synthesis of glutathione is feed back regulated, an overdose of cysteine or over-synthesis of
GSH is not possible.

- Easily digestible proteins have shown benefits to counteract age-associated protein loss in
elder subjects [15]. Cysteine Peption™, a protein hydrolysate, perfectly matches the
characteristics of an easily digestible protein source.

— Cysteine Peption™ is applicable in different consumer product types, from pills and clinical
P p
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formula to functional food products. It is therefore a very adaptable ingredient to design a
whole range of different consumer products that meet the special needs of the elderly.

Animal data

The objective of our animal trials was to establish a link between Cysteine Peption™
consumption and liver glutathione levels and to assess whether there was evidence that
Cysteine Peption™ provided any form of protection to the liver against toxic and oxidative
damage.

Rats were fed for 14 days with a standard diet containing 20% casein protein in which the
protein was partially replaced by Cysteine Peption™ or N-acetyl cysteine (NAC). The latter is
used as a antidote against acetaminophen poisoning. The concentration of -SH in the liver was
assessed for animals receiving different sulphur content in their diet and the results are shown

in Fig. 1.
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Fig. 1. Liver sulfhydryls [umol/per gram liver tissue], depending on the concentration sulfur
containing amino acids in the diet.

The results show that liver -SH was directly proportional to the Cysteine Peption™ or NAC
content of the diet. In a second study, rats were fed a 20% casein or 14% casein plus 6%
Cysteine Peption™ diet for 14 days. Six rats from each diet group were tested for liver GSH,
immediately before an aminoacetophen (paracetamol) overdose (300mg/kg body weight;
approx. 100mg/rat) was administered, at the beginning of a fasting period of 12 hours. Nine
rats from each diet group were sacrificed and liver GSH was measured. Subsequently, the
remaining 9 rats in each diet group were re-fed and subsequently sacrificed 12 hours later and
the GSH was again measured. Histological assessments were made on the livers from the
different cohorts with particular attention to the levels of vacuolated and necrotic cells and to

- 19 —



the immune activity in the tissue as shown by the presence or absence of leucocyte clusters.

The experiment showed that increasing amounts of Cysteine Peption™ in the diet increases
the glutathione concentration in rat livers up to a certain level but that the increased GSH
could not prevent liver damage in rats if high concentrations of acetaminophen (APAP) were
administered. However, in the recovery period, the GSH levels in the Cysteine Peption™
group were much higher than in the control group and exceeded the start level significantly.
In line with this observation, the histology analysis indicated a better restoration of the tissue
integrity in the Cysteine Peption™ group. (Fig. 2)

Our results support the hypothesis that Cysteine Peption™ has the potential to contribute to
long term liver prevention and recovery after liver injury. Especially elder peoplé should broﬁt
from Cysteine Peption™ because their bodies increasingly lose their ability to respond to toxic
stress. Medications or alcohol ingestion, latent inflammations or heavy metal burden further
stress the already compromised cysteine and glutathione concentration and their redox status.

The results of these studies provide indications that Cysteine Peption™ can support healthy

liver function and contribute to the re-establishment of the cysteine and GSH homeostasis.
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Fig. 2. Toxic challenge of rats with acetaminophen, animals fed with a casein diet or diet
enriched with Cysteine Peptide. T=0, 12 and 24 h after challenge.

Consumer study

A small-scale qualitative consumer research study was conducted in the US with 13
consumers older than 50 years in order to assess benefits experienced with Cysteine Peption™.
Suitable subjects were chosen via a questionnaire in which age was one of the primary
selection criteria. In this blind study, consumers took a daily dosage of Cysteine Peption™ of
3.3g per day in tablet form for 4 weeks, equivalent to 200mg of peptide bound cysteine per
day. The effects were assessed by comparing their self-reported health and well being before
and after taking Cysteine Peption™ through means of collages created with pictures that
represented their feelings. An example of pre-use and post use results for a typical subject are
shown in Fig. 3 (a and b)."
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In this blinded study, the subjects only were aware that the product was from a dairy

company. In the pre-use, ‘ideal health’ collage (Fig. 3(a)) the subject apparently assumed the

tablets of dairy ingredient would contribute to her having strong bones. She described wanting

to wake up at the beginning of the day, her ambition to have a ‘GAP BODY’ suitable for

wearing fashionable clothes and that she wanted to sleep well at the end of the day. In the

follow up post use (Fig. 3(b)), she revealed how she really felt about herself and her health.

She described about having a ‘dog’s life’ and that sometimes she wanted to die. Lightening

struck as a result of the magic potion she had taken (Cysteine Peption) and now she wanted

to live and do all she can within her ability. This type of result was typical of those found.

In summary, 9 out of 13 consumers reported that they felt more energetic, more motivated,

and some reported improved sleeping patterns. The outcome of this consumer study was

critical in our decision on design of the subsequent human clinical trial.
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Fig. 3. Consumer study: pre-and post use statemens of a 55 years old woman before and after

ingestion of Cysteine Peption™ for 4 weeks.
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Human study

Ethanol is a suitable model to study the effects of Cysteine Peption™ in healthy humans.
Ethanol metabolism induces toxic and oxidative stress, which results in lipid peroxidation.
Lipid peroxidation causes inflammation, and is one of the initial events in the generation of

atherosclerotic plaques, which are involved in the development of CVD.

The metabolism of alcohol

Three routes of ethanol metabolism exist in the human body (Fig. 4).

— The oxidation of alcohol by alcohol dehydrogenase (ADH) in the liver, and, with less
relevance, in the stomach. The oxidation product acetaldehyde is very toxic.

- The microsomal cytochrome P450 system (MEOS) especially at higher alcohol concen-
trations. This route is accompanied with the formation of free radicals and ROS, which
contribute to an oxidative shift of the thiol REDST and a depletion of the GSH pool. Lipid
peroxidation, DNA and protein damage are typical consequences. Alcohol furthermore
induces CYP2E1, which may affect the toxicity of certain drugs like acetaminophen or
other hepatotoxic agents [16, 17].

— the oxidation by catalase (minor importance)

Catalase

ALDH
ethanol » acetaldehyde — acetate
ADH
activation -~ -
A’
CYP2E1 —— :
«Lipid peroxidation ;
. . S X
NADPH NADP* Protein modffication !
«Disturbed DNA repair
«Stimulation of Immunologic reactivity :
i ~Radical formation i
| «GSH depletion
| -L/pid peroxidation

-Act/vat:on of hepatotoxins and carcinogens |
«Accelerated drug metabolism H

Fig. 4. The main routes of alcohol metabolism.
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In a very recent human clinical study, 20 healthy male volunteers received 40 g alcohol and
3.3 g Cysteine Peption™ or 40 g alcohol and 3.3 g placebo for three weeks, respectively. A
mix of amino acids, corresponding to the composition of Cysteine Peption™ without cysteine,
was used as the placebo. It was shown in previous experiments, that this amount of alcohol
specifically induced an increase in urine F2-isoprostanes (F2[P), a product of lipid
peroxidation. Lipid peroxidation may initiate tissue damage, which induces inflammation.
C-reactive protein (CRP) is a marker for systemic inflammation and an independent predictor
of cardiovascular events in healthy individuals. It was our hypothesis that Cysteine Peption™,
by supporting liver GSH synthesis, would prevent lipid peroxidation and toxic damage
following alcohol ingestion. Since the alcohol ingestion was far below a toxic level, we didn’t
expect a response in biomarkers of severe damage such as liver enzymes. Urine F2IP and
plasma C-reactive protein (hsCRP), were the main parameters of interest.

The preliminary results showed, that the parallel ingestion of Cysteine Peption™ and alcohol
led to lower hsCRP levels as compared with the placebo (Fig. 5). It was already known that
low alcohol intake may lower the hsCRP values under certain conditions [19]. Apparently,
Cysteine Peption™ amplified this effect. CRP responds very sensitively to nutritional
interventions and glycaemic load. In our study, the subjects were under diet control, thus a
treatment effect is very probable. In the given study configuration, the F2-isoprostanes did not
respond to either treatment or placebo, suggesting that the F2IP marker was not sufficiently
sensitive to detect an effect of Cysteine peption on lipid peroxidation in this study design.
Since the analysis is not yet fully completed, no further interpretation may be given at the
moment. More studies are required to understand the effect of Cysteine Peption™ on lipid

peroxidation and inflammation in more detail.

250 T 16000 1
1 I
| .
i 14000 ©
. 2001 : ‘
g i : 12000 +
c { ; ,
: i
¥ ol : g 0
g % - I E 8000 :
3 | 3 ! o ‘;
& ! | o ;
100 : * 1 (0,) 6000%
E : 4 . < °
g | bl : 4000“ °
oy 50} : i 3
| 2000 ; 3 R
| ’ : §
0l 0: (] _
0 7 14 21
day placebo  Cyseine Peption

Fig. 5. Human study (20 healthy male subjects, mean BMI 26.9, mean age 43) F2-Isoprostane
and hsCRP levels after 3 weeks alcohol ingestion and parallel administration of either
placebo or Cysteine Peption™.

—-23 —



Conclusions

Influencing cysteine availability by nutritional intervention in ageing subjects is not trivial.
More studies are needed to investigate the effects of Cysteine Peption™ on cysteine-or GSH
dependent physiological functions with emphasis on ageing associated conditions and direct
liver support. Nevertheless, the results of a consumer trial were very persuasive and the
majority of participants consistently reported benefits. Animal studies have established a link
between cysteine intake and liver glutathione levels. Whilst the elevated glutathione levels did
not prevent oxidative damage to the liver in a severe challenge test, it did accelerate recovery
of the tissue. Very preliminary data suggests a protective role of Cysteine Peption™ in the
inflammatory pathways. Further clinical trials are necessary to establish a solid link between
detoxification pathways and benefits such as improved sleep and energy levels reported by

elderly consumers.
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& ROS)E 44T 4 Utk [6]. frel AZEIQAS] I3 AZ W SHL T3] el gyae 7
45 e N2HAS AY BF R (GSH)OE 439t GSHE AZ Ul 72 ¥
85|

FFYALL BE ATAN BYHE EVEE (v-glutamyl-cysteinyl-glycine)ol ot GSHE
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AT AW £9°9 F 42, NS F387] oA WMEA &9 ovliite] FHE Fais
olot itl. A& oluArel AJAE|Qle F2 GSH A4, Ao} v e §3 olvjiitel o
A RGN G E K edA Pk 7l GSH FEE 5-10mM [7]o]A EF U F
2 uM [8]o)th AE W A2HI FEE U £E& AW GSH FAHES, & y-
glutamyl-cysteine &4 &4 Km gttt 44 Qo J22, AE U A2HA =71 F7F
e AL oln] GSH §A o] soitte A 20X & 9)\‘3]’ [7].
ol24 02 GSH(ZYHZ e 2)/GSSG(4318 FFEFA2) redox coupled] &L F
GSH X7} Folxw Ztatth [9]. o] AHY L QA Eo]A Ad GSH $27t Zase A% &
A
_“_i_

o

@Aste] GSH ©# REDST7} 444 ezt 2 & A3, AF 23t 22 AFYdl 9%
F ook o2 ui2E iyl FIL AR AU AT, AE YolA GSHe 2
Astad SEAe] FEE AAdstooF Fot

7+e GSHE 34 $¥o] 7b¢ A4 Q 7lgolw, 7 71#2] GSH L && 247t [10). &
o 1 34% AEst 28713 B 7HE S 2FNATE FAE AL A G2 VB2R
QLS Adsty| o|Ad MEA] ZHg AXerdt Foh thE AEEF NIHE L AZHRL o
oAt F A7 Afsta, A2EQd A48 PHE dAE AL (cystine)e T 4 Atk
A Qe A2EHY o) LES FAIY) f18) o) AFFAE AR F2 71Re] Holok I

m\o
=]
N d

= AL duigtt. o)k T 7Y, ¢TI TE O B4 AR AF 27T EF WA= A
W7k =2 A 3 Aee] 78 2 GSHY A2H Qe S48 £4 &2 %€ U2 = 3
e S 9nidnt
2N A2 AFoTA B ol thEe] 4EE FPE F At
- QAN HF FRF FAs 4 B FHER AA
— 7o 1= AA ] QoiM EAAA EA(electrophile)?] ligand. GSHe AdatH A o] 22
9 EHL ZFAFT o] WEAINAY, AF AN GSH FEE RoMAV 5”4

hiol - disulfide 4+3} &9 $43A19] 4. o] G&elM GSHE AZAA] ¥} 5

)
Dot Nt e
ko

whes 2o g 34 [11], 44 38 2 243 ddd AxF7) 24 [12], A
49 23 § [12]s #dH| Ao

st 2ASS B8 WHoz o, A WAy oy, 7, e FxH M GSH7L

A 1ZPdE AL RAFT ATH13, 14). LR 2L 9F 4

REDST7} A3} Atejo] BEEE FEdle Atst 2EHAE {ddch kdE
Eo] AZAE oF B&3Y, B0 4FAR &7

H7) 9% GSH & A 9FE v AF4A 290 €

4z w02 98t Cysteine Peptide2] 7Hgt

x| oA " otAEHA AlZHQ elmiate] FREINCE AEHA 7] HdA DMV
Internationalo] A = Cysteine Peption™-& 7§ttt olE & /2 ¢ 7teRAE2A 2E
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$3 BHAETAE 7HY Al2dQ Fo] Erh(RWA 6.5%). Cysteine Peption™ 7t 433
x3HE 98 228 dFTFLel 2 Qolgke AL obd 22 AR A

— A 2H?Q FaFo] Eol Frte) wd FFo] ok A2HUE FFFHeR FFT & Uk

— Cysteine Peption™2 7t A &gz A2 A% Pl FFEA L2 AgHG. =US
oA ud FHL o}F WFsitt &, GSH F4o] F7iatd AU §& AZH U ol T7t
3y, FAd 8% ags 7+ GSH #d 71F°] AddEH

~ Cysteine Peption™2 ¢tAsITh & A|2HI19] 90% o]/do] AlZHQ o)F T ez &
A gk 1B Cysteine Peption™& 4322 ATA WAL 542 vehiAls =0
2229 FHL sy o) 2AE| g o) Axweo] A EHSAU GSHE
Z FAscE AL AL £ glE dolth

- A AstEE gz A U4 giE S48 B39 £ 5 de FHEe AW [15).
Cysteine Peption™ o 7eEs) E24 47 £3tee Gud FA224 &40 glok

- Cysteine Peption™& &oF I YAk ZA A LE 7|54 4F £A7HA 2HAE A% o
kgt ATo AL 5 vk IHEE 53] k2 AUASS AT A AE AL 2 F
£ & JE AF A7 ElE

A

=
=
i

SEMEZEn

EZEAYY 2L Cysteine Peption™ A9 7+ W} FFEA L F2e ABEE 4F8H,
Cysteine Peption™0] 7h-& SAjo|u 43t &2 2RE HIY F UEAE 378ty

Ay FHdA 1497 BEAHOZ Cysteine Peption™ F= N-acetyl cysteine NAC)E A 713k
20%9] FHAIQ] g Aol Ff-Ho U o) FFAT NAC/H ZFE 2ol ot Eotw]dl
S ASee B0 AEHo itk o] f o & FR-Fel Wk Wl -SH $EE &
FARew, dxe 19 1d Jeli A

8

—8@— Cysteine Peption™

=8 NAC

-SH in liver [umol/ g liver]

35 40 45 50 55 60 65 70



AT A3} 7+ Ul -SHY &= P H O o] U Cysteine Peption™ T NACS 3o
LIE Eil=2

E oA 7oA AY SEEL 20% 7RI EE 14%9) 1A 6% Cysteine Peption™S
T3 Aol & 14Y7F AT F AHE FFSIAUTE ot Eot? A (paracetamol)S ot FH
(300mg/kg body weight; approx. 100mg/rat)sl”] vt2 A A, 12A]7F F8 & 7} 4o 43 1F
oA 6nt2ld Hste] T+ W GSH & A 7 Aol AH IFIA vialy A& st
ZHY GSH =& SAAE &2 ovlele AFF A thAl a7 2ol& AL 3 124
Z+ F oA AAEsle] GSH 528 SAHAh 72F 23 AAE 53 &AZAE 2 JAAET A
A QX5 sy, Wy 7o g 23 U 9 &4 A= deAE #EAG

A3 A} Cysteine Peption™9] o] S7gtel] what A9 FAES 2+ U SFEA 2] 5
A =27 L3R, GSHY FE7F F7HIE oM Ecm| i g T3l AFFHAEY 2+ &
Fe o ubet 4 /lSith dkA T, 3B 7)o Cysteine Peption™& 43 & I1FAA GSH vx7}
2 JFEY ¥3, £7] ol s surh ojd #FA AT tEo] X3 HAtAA
Cysteine Peption™ A3 ZolA 29 IFE7} #%2S & & ARXH(H 2).

ox

)

Liver -SH [umol/g] Necrotoc cell counts Vacuolated cells counts
12 400 900
L4 L]
5 10 8oo |
3 700 }
300
E 8 600 L]
2 . .
€ e 200 . 500 L]
3 400 | . .
5 4 * o
' . 0 . e
g 2 100 | . * 200 | o R *
i ; ‘ : 100 | o '
0 p . I . 3 | s o -3 . % 1
s  owet s oypept s oywent s oppept  cas  oypepl  cas oyept
Hours after paracetamol administration t=oh . t=12h t=24n t=0h t=12h t=24h

a2l 2. A|2HQl HEIEE 2X5 FHAiel 4l0jE MiE AESES Y OIMEcI=H2=E
EMME A3} T=0, 12 and 24 h after challenge.

A= Cysteine Peption™7} 71202 7 Ba®a ofyzl $£4
% & duE Mg AR FT Ak 33 XA AS A
=go] gojA]7] W&o Cysteine Peption™S 4FH3A F
¢IE A, 95 ey 93 B $F4 52 VIEY AZHD ¥
3t 3 EFY FoE 4 2EHEE HS

=2 ¢q9] A3}, Cysteine Peption™ 7A7}s 7+

ol
A4 HBE £E 5 IE A0 et

ez e
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L[ AL AT

mzo) A 504] o4 ol 13%S thAHO E Cysteine Peption™2 AA & ¥ &3S Hrtehy]
Sla) e FRo|AT & A AulA AT E AN, Aol B F23 AR 7]
& 23 /M A gARE Aok o] B d7lind study)dlA LMAHES §F 33
3.3 g¢) Cysteine Peption™, Z A|~HQ) 200 mg? 437+ AF Ak 1 a3 At A% A
B AFE uvgoz HART, A Adsid RAFE 1YLE FHIE Y=
Cysteine Peption™g AH3l7] Az & vz o) Sof 43 A F9 2745 19 3%
b)ell et Ack

L{ .-30 . 3\ O 05 Cysteine Peption™ 2| A
2

ﬂJ

Cysteine Peption™ % %

T2 3. AH|XF ¢ 457t Cysteine Peption™g M 5t7| Hut & 554 oy CHatXiel &
EENU

o W7 AN RAAESS of AFo) BA AAE AN VE ROV T3 YAk 3
% Aol 43} olel ZAH vhol A3, WAAEE 6 URZ VE o] ATl FAE TE



Z 202 7|UE 2 Yok (I¥ 3(). ° WERAE EF bl A dojvtA uit
2L 9% F WIE NAgen, Bl FE 2 olF718 vtk AT AFES A
A& F 2AE Aol 93td (2 3(b), AR WAFRIE Bl dhs) =73, A% %A
FOHAEA AFE ¢ F AUtk of WAKE A a0l vHA “7ig ’“”1} 2%, 3 A4 A
45 o] ERAQh sAE, WHAY vp&ZHE Cysteine Peption™g =1 Yy Ags 23 4

o A YT, A2E & £ Y= AES 222 30 HAUh oA A YRR GARE
oA fAteAl UEhgth & 1399 gz F 9%el o 8¥S =73, FU1FHE WkeH, B
go Feigeo] AU BRIk o] &M A7 AAE T A AT H¥S -':““7’
F Ade 2HE W2 + AU

oy A

Z Cysteine Peption™¢] &3Z d7steld, &S o] &3h= Aol 71
=4 Jr A5t AEYAE o3, AFH o2 A F4sizt dojdth
doz 4 9%, 4FS FAUAEY E31 A4, g AE88A
T @Eo] Utk

ATIZ A

AAA &S AL dele 37EA el Ao (IH 4).

Catalase

ALDH
ethanot + acetaldehyde — acetate
ADH s
activation .-~ -
A’
CYP2E1 7
«Lipid peroxidation

«Protein modification
«Disturbed DNA repair
«Stimulation of Immunologic reactivity

NADPH NADP*

I

| *GSH depletion
+Lipid peroxidation
| «Activation of hepatotoxins and carcinogens

; *Radical formation
'
|
|

|
; «Accelerated drug metabolism

J2 4. 2329 F2 oA 2T,
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- 9dFLL =7 7HA, YRE 9 MK alcohol dehydrogenase (ADH) &Aiol 93] 4+s}7t
gt} olm AAE AEE9) oM EYH 3| E (acetaldehyde)= vj§ EAo] 7Fajrt.

~ AZA cytochrome P450 A28 (MEOS)IME ¢4Z& FE7F wl¢ & o dApA7IE 3
Zoltt. o] At FARAA A ez G447 Bol AAH ] thiol REDSTZF 448} 4
B AT, GSH 5 1729k Aoz A ks, dx € 9 &4 dof
UA "tk ¢3¢ 1 o}F CYP2EIZ AZHEL, ol oMEcuedl Ee 7 &42
dosie FEH 2L 5A4g vehd (16, 17].

- Q%P L AX gAT, FrgAd 7 Ats Aol gid

HZ A 9A APA 2099 A7 G AYAEL 40 g9 EFEH 33 g9 Cysteine
Peption™ T 3.3 g9 $JokS 357 A& atch Yok Cysteine Peption™ 3} A1 2H 91-& A9
3 BE ojmiito] FYFES TARTH o)A} ANE ATl 40 g} FLE HANS
o & sk AHE<Q 28 U F2-isoprostanes (F2IP)7F Z7tste A& A&k A2 F4
L 23 &4 Yoyl EARA 4F5E 92 & Jth Coreactive protein (CRP)E A&
37 9z 29% NFJ HT, 4 AR B FAL 22 Utk

A¥e) AR A3} Cysteine Peption™} 4T &L Ao AT A At AT 2ol v
8] CRPY FE7} ¥&g 3 + AU (2E 5). 53 FHAA e ¢2& HAFol Jod
hsCRP9] FE7 otdtks A& oln] A8 uk ok [19]. © A7}, £93] Cysteine
Peption™2 o] 35 FEAY 4 UATE CRPE F¥ FA 4% WA= FH-st AdlA =
S NS AEZ AHEESh B Q7oA dARELS AolE s AT A7) Wl
A3 o) Aol % Aty & 5 Ak £ AF FAA 4¥ W F2-isoprostanes =
E E 579 Aozt YAt ol & AF FA44 Cysteine peption™0] XA #atste] mx=

250 16000 .
I
14000 ° ;
I
.. 200 |
2 12000 —
£ |
§ 150 % 10000 1
g Y £ 8000 ;
I N & |
| 6000
B z :
4000 hd :
2 ® 8
2000 N
. 4
0 0 )
o 7 14 21
oy placebo  Cyseine Peption

21 5. QMABAINHAIR 203, HF BMI 269, HF 13 43H)
32t AAST B 9k = Cystein Peption™Z 4435t Fo| F2-Isoprostane and
hsCRP .
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AFE Vel 7)ol & F2-isoprostanesA 7} 1174ekA] R8-S ow|dich of EA s ok & 5
o] golgl7] wFo] o ol A Y X&FE sl A Aok o B2 @-TL‘—E— S8
Cysteine peption™o] A A 443} @ FFol] ofd T7t oA VL3 A7sior & I8
Zth

4 8

AAEANN GF FA 9 A2 A K& vl e FFHL 39 vt o
2 28 oo AE ¥ AHHY T BE 7)ol 2HE $F Cysteine Peption™ o)
B9l = GSH 33 Agl7)5o X s 93& d7sior & dart ook Iz B3t
i Aol A vlg- A5 Qe d3rt verd, g o 5
B Roz yeyth 8 APdMe A2EH A 7 SFEAE TE Al 3
22 AZA HE U2 FBE YoM ZREAL FE7F 20 A A &3S

& ¢ Aoy GAANE FE QAT 239 & A E wEA § £ dvh 489 95 2
o4 Cysteine Peption™o] g% 71Ad] ou &3471 USS o= AT & F AUk o2 ¢
g A AES 58 A5 /AT =Y dAAES —’i‘—‘?“;-‘lﬁ‘?ﬂ g 2 g mAE YA
FHEYE HEoF & Aot

#HA 2

B A A S5 AP AA 94 9F F3el ¥4 F4 NIZO Food Research?]
Corinne Sprong#} TNO, Zeist2] Len Rozad7] 42 ZHAL =guch
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