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ABSTRACT

Objective: Present study determines the change in the levels of acetylcholinesterase (AChE), butyrylcholinesterase (BChE), reduced glutathione
(GSH), lipid peroxidation (LPO), protein carbonyl content (PCC) and catalase (CAT) in liver of experimental groups. Change in total proteins of liver
was also observed.

Methods: Experiment animals were divided in three groups among which group I was considered as control. Group II and group III were made
thiamine deficient for 8 and 10 days respectively. Enzyme activities of the groups were determined.

Results: Activity of AChE (p<0.001) and BChE (p<0.05) significantly reduced in experimental mice exposed for 8 and 10 days as compared to
control. Reduced levels of GSH were found in experimental groups as compared to group L. Elevation in TBARS level was determined significantly
enhanced in group III as compared to control (p< 0.01) and group II (p<0.05). In comparison to control, inter group analysis revealed significant
(p<0.001) increase of PCC in thiamine deprived groups. Significant decrease in the activity of CAT (p<0.001) was recorded in treated groups,
compared to control. Biochemical and molecular studies of total protein also showed the increase in protein level of treated mice compared to
control.

Conclusion: Imbalance between free radical and endogenous antioxidants in the liver creates oxidative stress, disturbs the cholinergic system in
liver, and affects the signaling of body which may lead to progression of hepatotoxicity.
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INTRODUCTION Glutathione is the most abundant tripeptides nonenzymatic

Thiamine is a water soluble vitamin B1 that cannot be synthesized
by mammals and thus thiamine can be obtained only from diet [1,2].
It plays a role in the synthesis of AChE, via the synthesis of acetyl
CoA. As thiamine plays a role in the synthesis of AChE, it is likely that
deficiency of thiamine will lead to alter the level of AChE. BChE has a
synergistic relationship with AChE to maintain the cholinergic
function of the body [3], thus the amendment of AChE levels in the
body directly affects the level of BChE. AChE and BChE are
cholinergic neurotransmitters and their role is to terminate action of
the acetylcholine (ACh) and butyrylcholine in synapses terminals. It
has been reported that AChE and BChE have some non cholinergic
function also in the body.

These cholinesterases occurred in the polymorphic form in other
organs of the body beside brain. They play role in various
physiological functions such as cell division, cell-cell interaction and
amine sensitive aryl acylaminidase activity [4]. Thiamine is also
reported to inhibit the LPO and free radical oxidations of oleic acid
in rat liver microsomes while its deficiency endorses the LPO in the
cell [5]. The major stable end product of LPO is thiobarbutric acid
reactive substance (TBARS) [6]. Determination of TBARS levels in
the cell act as an indicator of oxidative stress. LPO may be mutagenic
and carcinogenic [7].

High levels of LPO products were found in liver of rats with thiamine
deficiency [8]. The free radicals directly attack on the double bonds
of polyunsaturated fatty acids in the cell membrane which induces
LPO that had been implicated as important oxidative stress
determining marker in various clinical disorders such as heart
disease, diabetes, gout and cancer. The major defense system in the
cell includes antioxidant enzymes, which convert active oxygen
molecules into non-toxic compounds [9]. The imbalance between
the oxidants and antioxidants, potentially leas damage in the cell
called as oxidative stress [10].

antioxidants present in the liver. It serves as substrate for
glutathione peroxidase and GST. The functions of glutathione are
mainly concerned with the removal of free radical species such as
hydrogen peroxide, superoxide radicals, alkoxyl radicals, and
maintenance of membrane protein thiols [11]. As the oxidative
stress increases, the carbonyl content of protein increases due to
oxidation of protein. ROS give rise to a variety of modifications in
amino acid residues of protein like cysteine, methionine, tryptophan,
arginine, lysine, proline, and histidine [12,13].

The evaluation of protein carbonyl content in the cell acts as a
physiological marker that shows oxidative stress [14,15]. CAT is an
enzymatic antioxidant widely distributed in all animal tissues and
the highest activity is found in the red cells and in the liver. The
decomposition of hydrogen peroxide into water and oxygen is the
key role of CAT in the cell [16].

It protects the tissue from highly reactive hydroxyl. The alteration in
the activity of CAT enzyme directly affects the generation of free
radicals causes oxidative stress [17]. Deficiency of thiamine may
lead to oxidative stress which is the key feature of various diseases
such as fatigue, muscular weakness, Wernicke’s encephalopathy and
neurodegeneration [2,18,19], Liver acts as a province for
detoxification, protein synthesis, hormone production and glycogen
storage. The liver regulates many important metabolic functions.
Hepatic injury is associated with distortion of several metabolic
functions [20]. Additionally, it is the key organ of metabolism and
excretion, thus it is constantly and diversely exposed to xenobiotics
because of its strategic placement in the body [17].

Bearing in mind above mentioned facts, the present investigation
was destined to determine the changes in the echelon of
cholinesterases, GSH, LPO, PCC, protein and CAT activity. Molecular
study of protein was also determined in the liver of thiamine
deficient mice.
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MATERIALS AND METHODS
Chemicals

Pyrithiamine hydrobromide and acetylthiocholine iodide were
purchased from Sigma (MO, USA). dithiothretiol, 5, 5’-dithiobis-2-
nitrobenzoic acid, (DTNB), butyrylthiocholine iodide, EDTA, tris
hydrochloride, trichloroacetic acid (TCA), proteinase K, 2-
thiobarbutric acid were purchased from Sisco research laboratories
(Mumbai, India). All other chemicals were of analytical grade.

Animal care and monitoring

Healthy Mus musculus (6-8 week old) were procured from C.C.S.
Haryana Agricultural University, Hisar. They fed with pelleted diet
(Hindustan Uniliver Limited) and water ad libitum. After 3-7 days of
adaptation, mice were used for experimental purpose. Maintenance
and treatment of animals were done in accordance with the
Committee for the Purpose of Control and Supervision of
Experimentation on Animals (CPCSEA).

Experimental Design

The animals were divided into 3 groups, with minimum of 6 animals
in each group.

Group I Normal pelleted diet + normal saline

Group IIThiamine deficient diet + pyrithiamine exposed for 08 days
Group IlIThiamine deficient diet + pyrithiamine exposed for 10 days
Procedure

Induction of thiamine deficiency (TD)

Mice were made thiamine deficient by injecting the pyrithiamine
hydrobromide (5 pg/10 g of body weight) intraperitoneally and fed
with thiamine deficient pelleted diet. Control animals were fed with
normal diet.

Biochemical Studies

Tissue preparation for determining the activity of AChE and
BChE

After dosing, the experimental mice were sacrificed by cervical
dislocation. Livers were removed and extraneous material was
washed with normal saline (0.85%). The tissues were homogenized
in the specific buffer (0.1M phosphate buffer). The samples were
centrifuged at 3500 rpm for 10 min at 42C. Supernatant were used
for biochemical analysis.

Estimation of AChE

Thiocholine released from acetylcholine by the AChE, reacts with the
DTNB, reducing it to the thiol which has an absorption maximum at
412 nm. The activity of AChE was assayed according to the method
of Ellman et al, (1961) [21].

Estimation of BChE

Ellman et al, (1961) [21] method was used for determination of
BChE activity. BChE releases thiocholine from butyrylcholine and
reacts with DTNB reduced into thiol which shows maximum
absorption at 412 nm.

Estimation of GSH level

GSH level served as an index for determining the extent of LPO. GSH
was determined by Ellman’s method [22].

Estimation of LPO

TBARS are harmful substances formed by LPO as degradation
products of fats in foodstuff. Spectrophotometric method of Ohkawa
etal, (1979) [23] was used for LPO determination.

Estimation of PCC

Detection of protein carbonyl group with 2,4-dinitro
phenylhydrazine (DNPH), which leads to formation of a stable
dinitrophenyl (DNP) hydrazone product. The measurement of
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protein carbonyls following their covalent reaction with DNPH was
pioneered by Levine [24].

Estimation of CAT

CAT activity was measured by recording a decrease in absorbance of Hz02
at 240nm due to initial rate of disappearance of H20; after 15-20 seconds.
The CAT activity was determined by Claiborne, (1985) method [25].

Extraction and Estimation of total proteins

The proteins were isolated from the liver tissue. The proteins were
extracted and using acetone, the proteins were precipitated. The
samples were centrifuged and pellet was resuspended in phosphate
buffer (pH 7.4). For biochemical estimation of total proteins Lowry
etal, (1951) [26] method was used.

Molecular quantification of proteins

Expression of the protein samples were further quantified by SDS-
PAGE [27]. The acrylamide (11%) gel was used for separation of
proteins. The samples were mixed with sample loading buffer in
ratio of 1:1 and heated for 5min at 952C.Then samples were loaded
in the wells and proteins were allowed to runat 100 V.

Data analysis and statistics

The data were represented as mean * SD. The statistical analysis
was done by using one way- analysis of variance (ANOVA) (SPSS
editor 16). Inter group comparisons were made by post-hoc
comparison analysis and significant level was measured at 95% and
99%.

RESULTS
AChE (Fig 1)

In the present study, AChE level significantly (p<0.001) lowered in
treated groups which were made thiamine deficient for 8 days and
10 days respectively as compared to control group. Group III
exhibits maximum decrease in the activity of AChE, among all the
groups.
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Fig.1: Effect of TD on AChE level in different experimental
groups as mean * SD. Results were expressed in nmole/mg of
protein/min.

BChE (Fig 2)

When compared with group I, significantly reduced BChE levels
were recorded in groups II and III (p<0.05). Maximum decreased
level of BChE was significantly (p<0.05) observed in treated group
exposed for 10 days as compared to control.

GSH (Fig 3)

GSH concentration was recorded to be reduced in group Il and group
III as compared to control group. The group which was exposed to
thiamine deficiency for 10 days showed the minimum GSH
concentration among all experimental groups.
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Fig. 2: Effect of TD on BChE level in different experimental
groups as mean * SD. Results were expressed in nmole /mg of
protein/min.

2
)

zzz Group |
B8 Group 11
EEEH Group 11

IS
L

w
L

N
L

-
L

Concentration of GSH level in different experimental groups
(milimole/ mg of protein)

o

Group Il Group 111

Fig. 3: Effect of TD on GSH level in different experimental
groups as mean * SD. Results were expressed in mmole/mg of
protein.

LPO (Fig 4)

TBARS concentration elevated in groups II and III as compared to
control group. In group III, a significant rise in TBARS level was
recorded (p<0.01), compared to group l. The significant (p<0.05)
enhancement of TBARS level was also calculated by group III in
comparison to group II.
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Fig.4: Effect of TD on LPO in different experimental groups as
mean * SD. Results were expressed in nmole of MDA formed/
mg of protein
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PCC (Fig 5)

PCC level significantly elevated in group II (p<0.001) and group III
(p<0.001) as compared to control group. A significant reduced PCC
level was obtained in group II as compared to group III (p<0.001).
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Fig. 5: Effect of TD on PCC level in different experimental groups
as mean * SD. Results were expressed in nmole of PCC/ mg of
protein

CAT (Fig 6)

CAT concentration significantly decreased in groups II (p<0.001)
and group III (p<0.001) as compared to control group. Among all the
groups, maximum reduction of CAT activity was observed in
thiamine deficient group exposed for 10 days.
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Fig. 6: Effect of TD on CAT activity in different experimental
groups as mean * SD. Results were expressed in nmole of H:02
consumed/mg of protein/min.

Total protein content (Fig 7A)

As compared to control, enhancement in protein levels were
observed in treated groups. Maximum increase was recorded in
group III, among all the groups.

Molecular changes of protein (Fig 7B)

A visible change in the band patterns and their intensity was
recorded for thiamine deficient groups (TD 8 and TD 10) as
compared to control (7B). Differences in intensity of staining reflect
relative abundance of individual polypeptides. The degree of protein
level enhanced as exposure time of the dose increases. The
maximum expression of protein level was observed in group
exposed for 10 days with TD.
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Fig, 7: Effect of TD on total proteins level in liver of Mus
musculus.(A) Biochemical levels of proteins in liver of mice.
Results were expressed in pg/ml of sample.(B) Molecular
expression of total proteins in liver of mice.

DISCUSSION

Thiamine is an important antioxidant which is stored in the liver.
Liver is a vital organ performing a variety of important roles such as
detoxification, protein synthesis, hormone production and glycogen
storage [9,17]. It is an organ which helps in the synthesis as well as
breakdown of various molecules. It is also essential for the
functioning of the heart, muscles, and nervous system therefore its
deficiency may have far reaching effects on the body. Deficiency of
thiamine can cause weakness, fatigue, psychosis and nerve damage.
The present study exhibited decrease in the cholinesterase (AChE
and BChE) in liver of treated groups. AChE plays a key role in
cholinergic neurotransmission [28]. It is an important enzyme which
regulates the effects of ACh at cholinergic synapses. AChE’s main
function is to terminate the effects of ACh after it is released. It is
predominantly bound to the postsynaptic membrane. AChE has two
sites which bind to the cationic and esteric domains of ACh, cleaving
the molecule between these sites. ACh is degraded into choline and
acetate by AChE. So when AChE is inhibited by TD, consequently ACh
cleaving activity is interrupted. In other words, neurotransmission is
disturbed which consequently leads to a number of neurological
disorders [29]. BChE also has a same function as AChE. It is also
inactivates the neurotransmitter ACh and hence acts as an efficient
therapeutic target against neurological disorders [30]. Inhibition of
BChE by deficiency of thiamine leads to disturbance in
neurotransmission. However, the BChE is less efficient in ACh
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hydrolysis at low concentration, but highly efficient at high ones
[31]. The results of our study accounts the reduction in GSH level
and increase in LPO may act as key markers of oxidative stress [29].
An increase in TBARS level in heart of TD rats is earlier considered
as a presumptive marker of oxidative stress [32]. Maity et al, (2008)
[9] examined the increase in malondialdehyde (MDA) levels in liver
suggested that enhanced LPO leads to tissue damage. Decreased GSH
content in liver tissue was recorded. It could be the result of
decreased synthesis or increased degradation of GSH by oxidative
stress that prevails during diabetes. Sharma et al, (2010) [33]
calculate that decreased activity of GSH level [17] supports marked
increase of LPO in liver of diabetic mice. The present investigation
records increase in PCC level in the TD liver. This increase in protein
carbonyl content may be due to generation of ROS. ROS are well
known to convert amino groups of protein to carbonyl moieties
[34,35]. Greater content of protein carbonyl groups in dystrophic
pectoralis major muscle was examined by Murphy and Kehrer
(1989) [36].

Data of the present study showed reduction in the CAT activity of
thiamine deficient liver. The result was also supported with Paliwal
et al, (2011) [17]. Activity of CAT decrease could be due to higher
level TBARS which may block the activity of membrane bound
enzymes. Oxidative stress in the thiamine deficient brain
mitochondria was elucidated by Sharma et al 2013[10]. The broad
spectrum of changes is reflected by the reduction in antioxidant
enzyme activities such as SOD, CAT, GPx, as well as GSH levels. These
changes are also accompanied by an enhancement in TBARS and
PCC levels in the mitochondrial fraction of brain followingTD [10].
TD leads to alteration in the level of proteins in liver. The thiamine
dependent enzymes show reduction in their activity due to thiamine
deprivation in mice. Decrease in enzyme activities in TD should go
along with decrease in protein content whereas an increase was
recorded in the protein levels of treated group compared to control
(7A). Mice that were exposed to TD for 10 days exhibited maximum
enhancement of total proteins in liver among the groups. It may be
due to expression of stress proteins increases as the exposure time
of deprivation of thiamine increases.

CONCLUSION

The present study examines the effect of thiamine deprivation on
cholinergic system and total protein content of liver. In conclusion,
the expression of stress proteins increases total proteins level in
liver. TD disturbs the functions of cholinergic molecules also which
directly affect the activity of brain in signaling. TD leads to
cumulative damage of cholinesterases (AChE and BChE), oxidative
stress in liver, which eventually leading to progression of
neurotoxicity and hepatotoxicity.

CONFLICT OF INTEREST
There is no conflict of interest
ACKNOWLEDGEMENT

We acknowledge Prof. Aditya Shastri, Vice- Chancellor, Banasthali
University Rajasthan for providing the suitable facilities to carry out
the present investigation in Department of Bioscience and
Biotechnology and Indian council of medical research (ICMR) for
financial support.

REFERENCES

1. Mahan, LK and S. Escott-Stump, Krause's food, nutrition, &
diet therapy Philadelphia: W.B. Saunders Company; 2000: 10.

2. Page, G.LJ, D. Laight, and M.H. Cummings, Thiamine deficiency
in diabetes mellitus and the impact of thiamine replacement on
glucose metabolism and vascular disease. Int ] Clin Pract, 2011,
65(6): p. 684-90.

3. Bist, R. and D.K. Bhatt, Augmentation of cholinesterases and
ATPase activities in the cerebellum and pons-medulla
oblongata, by a combination of antioxidants (resveratrol,
ascorbic acid, alpha-lipoic acid and vitamin E), in acutely
lindane intoxicated mice. ] Neurol Sci, 2010. 296: p.83-87.

4. Balasubramanian, A.S. and C.D. Bhanumathy, Noncholinergic
functions of cholinesterases. FASEB ], 1993. 7(14): p.1354-58.

142



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sharma et al.

Lukienko, P.I, N.G. Melnichenko, LV. Zverinskii, and S.V.
Zabrodsaya, Antioxidant properties of thiamine. Bulletin Exp
Biol Med, 2000. 130:p. 874-876.

Ferreiro, E., I. Baldeiras, L.L. Ferreira, R.O. Costa, A.C. Rego, C.F.
Pereira, and C.R. Oliveira, Mitochondrial and endoplasmic
reticulum associated oxidative stress in Alzheimer’s Disease,,
From Pathogenesis to Biomarkers. Int ] Cell Biol, 2012.p. 1-23.
Marnett, LJ, Lipid peroxidation DNA damage by
malondialdehyde. Mutation Research 1999. 424:p. 83-95.
Sushko, L.I. and P.L. Lukienko, Effect of vitamin B1 deficiency on
xenobiotic hydroxylation and lipid peroxidation in rat liver
microsomes. Farmakol Toksikol, 1981. 2:p.102-04.

Maity, S., S. Roy, S. Chaudhury, and S. Bhattacharya, Antioxidant
responses of the earthworm Lampito mauritii exposed to Pb
and Zn contaminated soil. Environ Pollut, 2008. 151(1):p.1-7.
Sharma, A., R. Bist, and P. Bubber, Thiamine deficiency induces
oxidative stress in brain mitochondria of Mus musculus. ]
Physiol Biochem, 2013. 69(3):p. 539-46.

Jozefczak, M., T. Remans, ]. Vangronsveld, and A. Cuypers,
Glutathione is a key player in metal-induced oxidative stress
defenses. Int ] Mol Sci, 2012. 2012(13):p. 3145-75.

Levine, R.L,, ]. Williams, E.R. Stadtman, and E. Shacter, Carbonyl
assays for determination of oxidatively modified proteins.
Methods Enzymol, 1994. 233:p. 346- 57.

Stadtman, E.R, and B.S. Berlett, Reactive oxygen-mediated
protein oxidation in aging and disease. Chem Res Toxicol, 1997.
110:p. 485-94.

Sies, H. and E. Cadenas, Philos Trans R Soc London 1985.
311:p. 617-631.

Dalle-Donne, I, R. Rossi, D. Giustarini, A. Milzani, and R.
Colmbo, Protein carbonyl groups as biomarkers of oxidative
stress. Clinica Chimica Acta, 2003. 329:p. 23-38.

Townsend, D, R.C. DeLeon, C.E. Lester, L.M. White, V. Maitin, 1.
Cisneros, C.R. Richardson, and D.A. Vattem, Evaluation of Potential
Redox Modulatory and Chemotherapeutic Effects of a Proprietary
Bioactive Silicate Alka-Vita™/Alka-V6™/Alkahydroxy™ (AVAH). Int
] App Res Nat Prod, 2011. 3 (4):p. 5-18.

Paliwal, R., V. Sharma, Pracheta, and S.H. Sharma,
Hepatoprotective and antioxidant potential of moringa oleifera
pods against dmba-induced Hepatocarcinogenesis in male
mice. Int ] Drug Dev Res, 2011. 3 (2):p. 128-38.

Song, Q. and C.K. Singleton, Mitochondria from cultured cells
derived from normal and thiamine-responsive megaloblastic
anemia individuals efficiently import thiamine diphosphate.
BMC Biochem, 2002. 3:p. 8.

Sriram, K., W. Manzanares, and K. Joseph, Thiamine in nutrition
therapy. Nutr Clin Pract, 2012. 27:p. 41-50.

Chaudhari, B.P, VJ]. Chaware, Y.R. Joshi, and KR. Biyani,
Hepatoprotective activity of hydroalcoholic extract of Momordica
charantia Linn. leaves against carbon tetrachloride induced
hepatopathy in rats. Int ] Chem Tech Res, 2009. 1(2):p. 355-58.
Ellman, G.L, KD. Courtney, V. Jr Andres, and R.M. Featherstone, A
new and rapid colorimetric determination of acetylcholinesterase
activity. Biochem Pharmacol, 1961. 7:p. 88-95.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Int ] Pharm Pharm Sci, Vol 6, Issue 5, 139-143

Ellman, G.L., Tissue sulfhydryl groups. Arch Biochem Biophys,
1959. 82:p.70-77.

Ohkawa, H., N. Ohshi, and K. Yagi, Assay or lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal Biochem,
1979. 95:p. 351-58.

Levine, R.L., D. Garland, C.N. Oliveri, A. Amici, I. Climent, A.G.
Lenz, B.W. Ahn, S. Shaltiel, and E.R. Stadtman, Determination of
carbonyl content in oxidatively modified proteins. Methods
Enzymol, 1990. 186:p. 464-78.

Claiborne, A., Catalase Activity: In Greenwald RA (Ed.) CRC
Handbook of Methods in Oxygen Radical Research. CRC Press,
Boca Raton, FL 1985. 283-284.

Lowry, O.H., N.J. Rosebrough, A.L. Farr, and R.J. Randall, Protein
measurement with the folin phenol reagent. ] Biol Chem, 1951.
193:p. 265-275.

Laemmli, UK, Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature, 1970. 227:p.
680-685.

Kaur, G. and Arora SK. Acetylcholinesterase and Na+K(+)-
ATPase activities in different regions of rat brain during
insulin-induced hypoglycemia. Mol Chem Neuropathol, 1994.
21(1):p. 83-93.

Bist, R., S. Misra, and D.K. Bhatt, Inhibition of lindane-induced
toxicity using alpha-lipoic acid and vitamin E in the brain of
Mus musculus. Protoplasma, 2010. 243:p. 49-53.

Greig, N.H,, T. Utsuki, D.K. Ingram, Y. Wang, G.C. Pepeu, Q.S.
Scali, J. Yu, HW. Mamczarz, T. Holloway, D.M. Giordano, K.
Chen, K. Furukawa, A. Sambamurti, A. Brossi, and D.K. Lahiri,
Selective butyrylcholinesterase inhibition elevates brain
acetylcholine, augments learning and lowers Alzheimer (-
amyloid peptide in rodent. Proc Natl Acad Sci, 2005. 102(47):p.
17213-21.

Silver, A.,The Biology of Cholinesterases, North-Holland,
Amsterdam 1974. 596.

Gioda, C.R,, T.D.O. Barreto, T.N. Primola-Gomes, D.C.D. Lima,
P.P. Campos, L.D.S.A. Capettini, S.V. Lauton-Santos, C. Anilton,
C.C. Coimbra, V.S. Lemos, ]J. Pesquero, and ].S. Cruz, Cardiac
oxidative stress is involved in heart failure induced by thiamine
deprivation in rats. Am ] Physiol Heart Circ Physiol,
2010.298:p. H2039-H2045,

Sharma, N, V. Garg, and A. Paul, Antihyperglycemic,
antihyperlipidemic and Antioxidative potential of Prosopis
Cineraria bark. Ind J Clin Biochem, 2010. 25(2):p. 193-200.
Chavko, M,, and A.L. Harabin, Regional lipid peroxidation and
protein oxidation in rat brain after hyperberic oxygen
exposure. Free Radic Biol Med, 1996. 20:p. 973-78.

Perry, G., A. Nunomura, K. Hirai, X. Zhu, M. Perez, ]. Avila, R]J.
Castellani, C.S. Atwood, G. Aliev, L.M. Sayre, A. Takeda, and M.A.
Smith, Is oxidative damage the fundamental pathogenic
mechanism of Alzheimer's and other neurodegenerative
diseases? Free Radic Biol Med, 2002. 33 (11):p. 1475-79.
Murphy, M.E. and ].P. Kehrer, Oxidation state of tissue thiol
groups and content of protein carbonyl groups in chickens with
inherited muscular dystrophy. Biochem ], 1989. 260:p. 359-364.

143



