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Objective In order to investigate that ascorbic acid deficiency is respongcible for lathyrus
toxicity, the effect of dietary feeding of lathyrus pulse in normal and scorbutic guinea pigs for 3
months, on intestinal biochemical parameters was undertaken. Methods The intestinal brush
border membrane (BBM) marker and xenobiotic metabolising enzymes (XME)} were assayed.
Results  Exposure to 80% lathyrus alone and in scorbutic conditions showed significant inhibition
of alkaline phosphatase (28%-30%), sucrase (19%) and yghutamyl transpeptidase (GGT) (15%-27%)
enzymes, while Ca™*-Mg”>-ATPase was significantly inhibited (38%) in scorbutic plus lathyrus aeated
group. The phase 1 XME (AHH) remained unchanged while the phase II enzyme glutathione-
S-tranferase (GST) was significantly decreased (209%-22%) in lathyrus and scorbutic plus lathyrus
treated groups. Quinone reductase (QR) activity was found to be significantly decreased in lathyrus
exposed proup (20%). The intestinal biomarker contents including hexose (25%-34%) and
phospholipids (20%-40%) were significantly reduced in lathyrus and scorbutic plus lathyrus exposed
animals, while sialic acid showed a significant decrease (28%) in scorbutic plus lathyrus treated group.
However, cholesterol levels were signifcantly enhanced (15%-28%) in lathyrus and scorbutic plus
lathyrus treated animals. Conclusion The results indicate that oral feeding of lathyrus puise to
guinea pigs can alter BBM parameters as well as XME, which may result in the intestinal toxicity.
Further, ascorbic acid deficiency could be one of the pre-disposing factors of lathyrus toxicity.
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INTRODUCTION

The small intestine provides a major route for exposure to xenobiotics via ingestion of
food and liquid. The primary function of gastrointestinal tract is ultimate digestion of food
to its basic constituents (amino acids, sugars, lipids, purines, pyrimidines) and its absorption
into the bloed stream'"!, The cells responsible for the absorption and transport are the epithelial
cells, hning the villus-crypt surface of the intestinal lumen!!!. The intestine microvillus
membrane plays an important role in determining the rate and specificity of intestinal transport
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processes . It is rich in enzymes that hydrolyse the selected nutrients to absorbable salutz?s
and also contains several carrier systems including phosphatases and sucrases for uphill
transport™. The bioconstituents like sialic acid, hexose, cholesterol and phospholipids are
the important structural components of intestinal membrane, the concentration of which
affects various physical parameters of the membrane.

Enzymatic biotransformation in intestinal mucosal cells has the potential to detoxity
xenobiotics by directly facilitating their excretion'*.. Studies have indicated that activity of
xenobiotic metabolising enzymes (XME) of small intestine could be modulated thereby
modifying metabolism of xenobiotics and hence affecting their bioavailability*].

Lathyrism, the neurodegenerative disease, is attributed to excessive consumption of
Lathyrus sativus pulse which contains an unusual, free, excitatory amino acid p-L-ODAP,
considered to be the chief toxic principle of lathyrus plant. Several experimental studies have
been conducted using ODAP in pure form or as alcoholic extract of lathyrus seed through
intraperitoneal injections or intrathecal routes or by direct focal injection in hippocampus
region of brain to localise the site of action"'"). Furthermore, parenteral administration of
ODAP has also been shown to cause retinal damage which is not the major target organ''*'

Dietary surveys carried out in lathyrism endemic states of India have shown the diet was
deficient in vitamin A and C!"\. Experimental studies indicate the increased occurrence of
lathyrism in guinea pigs made subclinically deficient in ascorbic acid and fed with lathyrus
seeds!'”. However, toxicological implications of oral feeding of either lathyrus alone or
lathyrus in scorbutic conditions on the exposure site viz. intestinal mucosal cells remains
obscure, Hence an attempt was made in the present investigation to study the effect of
dietary supplementation of lathyrus in scorbutic guinea pigs and in the control group on
intestinal brush border membrane parameters and xenobiotic metabolising enzymes which
may have some bearing on neurotoxicity of lathyrus.

MATERIALS AND METHODS

Chemicals

Bovine serum albumin (BSA), l-chloro-2,4-dinitrobenzene (CDNB), dichlorophencl
indophenol {DCPIP), flavin adenine dinucleotide (FAD), glucose-6-phosphate, L-y-glutamyl-
p-nitroanilide, glutathione reduced (GSH), glycyl-glycine, nicotinamide adenine dinucleotide
phosphate (NADP), nicotinamide adenine dinucleotide reduced (NADH), nicotinamide
adenine dinucleotide phosphate reduced (NADPH), and 2-amino-2-(hydroxymethyl)-propane-
1,3~diol (Tris) were obtained from Sigma Chemical Co., St. Louis, Moo, USA. Benzo(a)
pyrene was procured from Aldrich Chemicals Co, Milwaukee, W1, USA. Acetic acid and
ammonium molybdate were purchased from Merck, Mumbai, India. Nicotinamide was a
product from BDH, Poole, England. Ferri¢ chloride, D-galactose, anthrone reagent and
dihydrogen phosphate (KH,PO,) were products of BDH, Mumbai, India. Glucose oxidase,
N-acetyl nuraminic acid and maleic acid were procured from Sisco Research Laboratories,
Mumbai, India. All other chemicals used were of analytical grade and obtained from
commercial sources,

Lathyrus pulse was procured from state of Bihar and was found to contain 0.6 g
ODAP/100 g pulse. Bengal gram was used as a substitute for the control group and was
purchased from the local market of Lucknow, India.
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Animal Trearment

The cooked diet containing 80% lathyrus was supplemented with 20% wheat. The
corresponding control cocked diet was prepared by mixing 80% bengal gram with 20%
wheat. Vitamin mixture was added in the cooked diet according to the composition given by
Oser and Oser'". The scorbutic diet was prepared by mixing all vitamins in the cooked diet
except ascorbic acid. A sustenance dose of 2 mg AsA/Kg bwt was added in the scorbutic diet
for survival of animals.

Adult male albino guinea pigs (300+10 g) were procured from ITRC animal breeding
colony and were maintained on water ad libitum. The animals had free access to cooked diet
prepared daily for the experiments. The animals were divided in 4 groups of 12 each and
were exposed daily for 90 d as follows:

Group [: Animals were fed with cooked diet containing 80% bengal gram and 20%
wheat daily for a period of 90 d. This group is referred to as control group.

Group II: Animals were fed with cooked diet containing 80% lathyrus and 20% wheat
daily for a period of 90 d. This group is referred to as lathyrus alone group.

Group III: Animals were fed with scorbutic cooked diet containing 80% bengal gram
and 20% wheat daily for a period of 90 d. This group is referred to as scorbutic group.

Group IV: Amimals were fed with scorbutic cooked diet containing 80% l[athyrus and
20% wheat daily for a period of 90 d. This group is referred to as scorbutic plus lathyrus
group.

The ammals were sacrificed by cervical dislocation with minimal suffering following
rules laid down by Animal Welfare Committee of ITRC.

Preparation of Intestinal Brush Border Membrane

The brush border membrane was essentially prepared according to the method of
Forstner et al””). Small intestine was removed and placed in ice-cold normal saline (0.9%
NaCl). It was gently washed 2-3 times with cold normal saline to remove the remaining
food material. After averting the intestine the epithelial layer was scrapped off conveniently
with the help of a glass slide. The mucosal cell scrapping was weighed, placed in 75 volume
of 5.0 mmol/L EDTA adjusted to pH 7.4 with NaOH (EDTA buffer) and homogenized in
Ultra Turax Polytron. The homogenate was centrifuged at 450X g for 10 min at 4°C, the
sediment was washed three times by suspension and centrifugation in 5 volume of EDTA
buffer. The washed sediment of “crude™ brush border fraction was then suspended in 2
volume of 90 mmol/L NaC1-0.8 mmol/L EDTA buffer, mixed throughly and kept until a well
defined sediment had developed. This step usually required 20-30 min, The supernatant and
sediment were then poured in succession thruogh a pad of glass wool to remove aggregated
praticles. After the glass-wool pad had been washed with a further 20 mL of 5 mmol/L
EDTA buffer, brush borders on the total washing were sedimented by centrifugation at 450
X g for 10 min. and washed once with 2.5 volume of 2.5 mmol/L. EDTA. The final pellet

was suspended in a convenient volume of 2.5 mmol/L EDTA buffer and used for estimation
of biochemical parameters.

Assay of Intestinal Brush Border Enzymes

The enzyme activity of sucrase was determined essentially by the method of Dahlqvist!™®
using glucose as standard. The enzyme activity was expressed as umoles glucose formed per
minute per mg protein. The method of Weiser''”! was followed for measurement of alkaline
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phophatase using p-nitrophenol as standard. One unit of enzymez acti\gty was takeln as
umoles of p-nitrophenol formed per minute per mg protein. The Ca™-Mg -ATPaslc activity
was determined according to Hidalgo er a@l.!'"! by measuring the liberation of inorganic
phosphate (Pi)' %l The y-glutamyl transpeptidase activity was estimated by the method of De
Young et al.'® using L-y-glutamyl-p-nitroaniline as substrate. The enzyme activity was
calculated by the molar extinction coefficient of 10020 (mol/L)Y"' - cm”. AHH activity was
assayed according to the method of Dehnen ez al®!. AHH activity was expressed as pmoles
3.hydroxybenzo(a)pyrene formed per minute per mg protein. Glutathione-s- transferase (GST)
activity was assayed by the method of Habig ez al.® using 1-chloro-2,4-dinitrobenzene
(CDNB) as substrate. The enzyme activity was calculated by the using millimolar extinction
coefficient value of 9.6 (mmol/L)"' «cm’' and expressed as nmoles CDNB conjugates formed
per minute per mg protein. Quinone reductase (QR) activity was assayed according to the
method of Ernster' ™' (1967) using 1,2-dichlorophenol indophenol (DCPIP) as substrate. The
calculations were made using millimolar extinction coefficient value of 2.1 (mmol/L)" ecm’
and expressed as nmoles DCPIP disappeared formed per minute per mg protein.

Assay of Intestinal Brush Border Membrane Constituents

Total hexose was estimated by anthrone reagent according to the method of Roe'?*!
using D (+) galactose as standard. The estimation of sialic acid content was carried out according
to the method of Warren'™! using N-acetyl nuraminic acid as standard. Phospholipid content
was essentially estimated by the method of Folch et al'*® and the inorganic phosphate was
estimated by the method of Wagner ef al. 7] ysing potassium dihydrogen phosphate (KH,PO,)
as standard. Cholesterol levels were estimated according to Zlatkis er al"”®. The protein
content was measured by the method of Lowry et al.'®! using bovine serum albumin (BSA)
as standard.

Statistical Analysis

The analysis of variance (ANOVA) with rank ordering was employed to calculate
significance of differences between the treatment groups™"\. P Values of less than 0.05 were
considered to be significant.

RESULTS

Oral feeding response of lathyrus in the conirol and scorbutic guinea pigs on some
intestinal biomarker enzymes is illustrated in Table |. There was a significant (P<0.05)
inhibition in alkaline phosphatase activity in lathyrus (28%), scorbutic (19%) and scorbutic
plus lathyrus (30%) groups, when compared with the control group. Furthermore, the
scorbutic plus lathyrus group also showed significant (P<0.05) inhibition when compared
with the scorbutic group. There was no change in intestinal Ca**-Mg**-ATPase activity in
animals of the scorbutic or lathyrus groups as compared with the control. Interestingly, the
activity was found to be significantly (P<0.05) inhibited (32%-38%) in the scorbutic plus
lathyrus group, when compared with scorbutic, lathyrus and control groups. Lathyrus
treatment in control and scorbutic guinea pigs showed significant (P<0.05) decrease of 19%
in sucrase activity when compared with the control and scorbutic treated group. The GGT
activity was significantly inhibited in scorbutic (33%) and lathyrus (27%) treated groups,
when compared with the control. However, scorbutic plus lathyrus group showed a significant
(P<0.05) enhancement of 26% in GGT activity when compared with the scorbutic group alone.
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TABLE 1

Effect of Lathyrus in Control and Scorbutic Guinea Pigs on Intestinal Brush Border Membrane Enzymes

Parameter Control Scorbutic Lathyrus Scorbutic Plus Lathyrus
Alkaline® Phosphatase 57.3410.99 46.65+1.42* 41.59+0.75° 40.03+0.53*
Ca*™-Mg"™-ATPase’ 0.39+0.008 0.37+0.006 0.35+0.22 0.24+0.021*
Sucrase! 0.05+0.003 0.0520.005 0.03+0.002° 0.03+0.003*°
GGT® 27.9+2.1 18.7+2.2° 20.5+2.0" 23.6x1.1°

Note. Data represents X+s of 5 animals; * P<0.05 when compared to control; * P <0.05 when compared to
scorbutic; © P <0.05 when compared to scorbutic lathyrus: Lmoles/mg protein; “ nmoles/min/mg protein

Table 2 depicts the oral feeding response of lathyrus in control and scorbutic guinea
pigs on intestinal xenobiotic meiabolizing enzymes. There was no significant change in the
AHH activity in any of the treated groups. A significant (P<0.05) inhibition of 20%-22%
was observed in GST activity in scorbutic, lathyrus and scorbutic plus lathyrus groups when
compared with the control. The QR activity was found to be significantly (P<0.05)
decreased in lathyrus group (20%) when compared with the control. However, scorbutic
animals showed a significant enhancement (46%) of intestinal QR activity when compared
with the control. The QR activity in scorbutic plus lathyrus group showed a significant
(P<0.05) increase in activity (36%-37%) when compared with the control or lathyrus group.

TABLE 2

Effect of Lathyrus in Control and Scorbutic Guinea Pigs on Intestinal Xenobiotic Metabolizing Enzymes

Parameter Control Scorbutic Lathyrus Scorbutic Plus Lathyrus
AHH' 12.1£1.9 11.5+0.7 10.910.6 12.310.8
GST* 3560120 2830240° 2770+280" 28602107
QR° 390+£22 569£107" 312£22° 530x141%°

Note. Data represents X+5 of 5 animals: * P<(.05 when compared to control; ® P<0.05 when compared to
scorbutic; © P<0.05 when compared to lathyrus; ¢ pmoles/min/mg protein; ®nmoles/min/mg protein

Dietary feeding response of lathyrus in control and scorbutic guinea pigs to intestinal
brush border membrane constituents is shown in Table 3. The total hexose content was
significantly (P<0.05) reduced in lathyrus group (25%) while no change was evident in
scotbutic group as compared with the control. Furthermore, the total hexose level in the
scorbutic plus lathyrus group witnessed a significant (P<0.05) decrease (33%-34%) when
compared with the control and scorbutic groups. The sialic acid content was significantly
(P<0.05) decreased in scorbutic (18%) group, while treatment of lathyrus alone showed no
change, when compared with the control. Further, scorbutic plus lathyrus group also showed
significant (P<0.05) depletion of sialic acid content (21%-24%) when compared to control
or lathyrus group. The intestinal brush border membrane cholesterol level was found to be
significantly increased (P<0.05) in lathyrus exposed group when compared with the control.
Scorbutic plus lathyrus group also showed significant (P<0.05) increase in cholesterol level
when compared to scorbutic, lathyrus and control groups. Conversely, the phospholipid
content was significantly (P<0.05) decreased in scorbutic (31%) and lathyrus groups (31%)
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when compared with the control. The scorbutic plus lathyrus group depicted a further
decrease (20%-43%) in phospholipids when compared with the lathyrus, scorbutic and

control groups (Table 3).
TABLE 3

Effect of Lathyrus in Control and Scorbutic Guinea Pigs on Intestinal Brush Border Constituents

Parameter Control Scorbutic Lathyrus Scorbutic Plus Lathyrus
Total Hexose® 110.84 +0.95 109.7 +4.54 83.39 x1.61" 73.33 24.72%°
Sialic acid’ 17.51 0.7 14.30 £0.93° 16.66 +0.71 13.27 £1.14%
Cholesterol® 37.91 £0.38 38.60 x1.64 43.42 +1.48* 48.49 +0.74*"*
Phospholipids 29.13 +1.48 20.63 +1.64* 21.14 0.68° 16.48 10454

Note; Data represents T+5 of 5 animals; * P<0.05 when compared to control; "P<0.05 when compared (o
scorbutic: *P<0.05 when compared to lathyrus; * ug/mg protein

DISCUSSION

The small intestine forms the initial site of exposure to lathyrus and could be one of the
major target tissues in addition to brain and liver. The brush border membrane enzymes viz.
alkaline phosphatase, Cab-Mgh-ATPase, sucrase and GGT are found to be highest in the
differentiated cells of the villus region and helpful in digestion, absorption and transport of
nutrients®®". The inhibition of alkaline phosphatase, Ca*™*-Mg™*-ATPase and GGT in the
lathyrus treated animals as observed in the present investigation could lead to the impairment
of the uptake and transport of micronutrients which mn furn may be responsible for lathyrus
toxicity. Disaccharidases including sucrase, associated with the hydrophobic core of BBM
are localised on luminal surface of the membrane”'!. The decline in sucrase in lathyrus
exposed animals further signifies the alteration 1n digestive function.

The protein bound sialic acid and hexose form a set of another important component of
intestinal cell lining required for its normal functioning”**, Tt has been observed to
establish cross linkage between glycoprotein molecules and to aid in the promotion of
molecular integrity®®”. The mucus glycoprotein is determined in terms of hexose content™'.
Reduced levels of hexose and sialic acid content in lathyrus exposed animals as observed in
the present investigation suggests an alteration in the integrity of BBM. The sugars,
including sialic acid have been shown to scavenge the hydroxyl radicals (OH’) formed in the
lumen thus protecting it from the oxidative stress™". During the process hydroxyl radical
destroys the sugar to give various products, thus loosing its visco-elasticity. The decrease of
sialic acid content in the scorbutic group and a further decline in the scerbutic plus lathyrus
treated group may be due to loss of elasticity of the BBM as a result of increased oxidative
siress in the scorbutic group.

Phospholipids and cholesterol are important structural components of the biclogical
membranes. The concentration of cholesterol and phospholipids in the membrane affects
various physical parameters of membrane including the membrane fluidity!™!, The exposure
of lathyrus and scorbutic plus lathyrus treatments to animals resulted in an increase of
cholesterol and decrease of phospholipid contents, leading to an increase in the C/P ratio.
The increased C/P ratio may result in an enhanced fluidity of BBM®,

XME have been found to be localised on the villus-crypt surface of the intestinal
epithelium, predominantly active in the upper and mid villus cells™®. The phase II reactions
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that occur parallel to oxidative reaction %Phase [} are more dominant in intestinal mucosa
3

than in hepatic and extra-hepatic tissues™ . In the present study no significant change could

be observed in phase I (AHH) enzyme of intestine in any of the treated groups. A significant
decline in phase I viz. GST was observed in the lathyrus treated group, suggesting the
overall decreased detoxification potential. The results emphasize intestinal exposure site of
lathyrus to alter detoxification potential which may be of relevance in retaining ODAP in the
body or target tissue to exert toxicity following continuous exposure to lathyrus.
Furthermore, the increased QR activity in the intestine of scorbutic animals may be a
defense phenomenon against oxidative stress, which was not altered by co-exposure to
lathyrus and requires further investigation to unravel the mechanism of action.

The overall results suggest that oral feeding of lathyrus pulse to guinea pigs can alter the
BBM parameters as well as XME, which may result in the intestinal toxicity. Furthermore,
AsA deficiency could be one of the pre-disposing factors of lathyrus toxicity.

ACKNOWLEDGEMENTS

The authors are grateful to Dr. P. K. Seth, Director of this centre for his keen interest in the study. Thanks are
due to Indian Council of Agriculmral Research (ICAR), New Delhi for financial support. Technical assistance of Mr. R.
C. Pandey and Mr, 8. K. Purushottam is gratefully acknowledged. The present manuscript is TTRC Communication No.
2184,

REFERENCES

1. Lebouton, A.V. (1997). Anatomy (esophagus, stomach, small intestine, colon), In: Comprehensive Toxicology,
(McCuskey, R.S., and Earnest, D.L. Eds.), 9, 507-518. Elsevier Sci. Ltd. New York, USA.

2. Forstner, GG, Sabesin, 5.M., and Isselbacher, K.J. (1968). Rat intestinal microvillus membrane. Biochem. J.
106, 381-390.

3. Kinter, W.B. and Wilson, T.H. (1965). Autoradiographic study of sugar and amino acid absorbtion by everted
sacs of hamster intestine. J, Cell. Biol 25, 19-40.

4. Kaminsky, L.S. and Fasco, M.J. (1992). Small intestinal cytochrome P-450 CRC. Crit Rev. Toxicol. 21,
407-422,

3. Zhang, Q.V., Wikoff, 1., Dunbar, D., and Kaminsky, L. (1996). Characterisation of rat small intestinal Cyt P 450
composition and inductibility. Drug. Metab. Dispos. 24, 322-328.

6. Lin, J.H., Chiba, M., and Baillie, T.A. (1999). Is the role of small intestine in First-pass metabolism overemphasized.
FPhar. Rey, 81, 135-157.

7. Rao, S.L.N,, Sarma, P.S., Mani, K.S., Rao, T.R.R., and Sriramchari, S. {1967). Experimental neurolathyrism in
monkeys, Nature (London) 214, 610-611.

8. Cheema, P.S., Padmanaban, G, and Sarma, P'S. (1969). The neurotoxicity of B-N-oxalyl-L-o, - diaminoprppionic
acid, the neurotoxin from the pulse lathyrus sativus. Biochem. J 12, 29-33.

9. Parker, A.J., Mehta, T, Zarghami, N.S., Cusick, PK., and Haske]l, B.E. (1979). Acute neurotoxicity of the
Lathyrus sativus neurotoxin, 1.-3-oxalylamino-2-aminopropionic acid, in squirrel monkey. Toxicol. Appl.
Pharmacel. 47, 135-143,

10. Chase, R.A., Pearson, S., Nunn, PB., and Lantos, PL. (1985). Comparative toxicities of o and f; 3-N-oxalyl-
L-o,B-diaminopropionic acid to rat spinal cord, Neurosci. Lett. 55, 89-94,

11. Willis, C.L., Meldrum, B.S., Nunn, P.B., Anderton, B.H., and Leigh, P.N. (1993). Neuronal damage induced by
3-N-oxalylamino-L-alanine in the rat hippocampus can be prevented by a non-NMDA antagonist,
2,3-dihydroxy-6-nitro-7-sulfamoylbenzo(F)quinoxaline. Brain Res. 627, 55-62.

12. Olney, J.W., Misra, C.H., and Rhee, V. (1976). Brain and retinal damage from lathyrus excitotoxin B-N-oxalyl-
L-o,B-diaminopropionic acid. Nature (London) 264, 659-661,

13. Ganpathy, K.T., and Dwivedi, M.P. (1961). Studies on Clinical Epidemiology of Lathyrism. Indian Council of
Medical Research Unit. GM. Hospital, Rewa, India.

14. Jahan, K. and Abmad, K. (1993). Studies on neurolathyrism. Environ. Res. 602, 259-266.

15, Oser. B.L. and Oser, M. (1956). Nutritional studies on rats on dict containing high levels of partial ester
emulsifiers. J. Nutr, 60, 367-390.

16. Dahlqvist, A, (1964). Method for assay of intestinal disaccharidases. Anal Biochem. 7, 15-18.



322 AMBAETAL.

17. Weiser, M.M. (1973). Intestinal epithelial cell surface membrane glycoprotein synthesis. An indication of
cellular differentiation. J. Biol. Chem. 248, 2536-2541. \ .

1%. Hidalgo, C., Gonzales, M.E.. and Logas. R. (1983). Characterisation of Ca** or Mg™ ATPase of transverse
tubule membranes insolated from rabbit skeletal muscle. J. Biol. Chem. 256, 13937-13945.

19. Fiske, C.H and Subbarow,Y. (1923). The colorimetric determination of phosphorus. J. Bivl. Chem. 66. 375-400.

20. De Young, L.M., Richards, W.L., Bonzelet, W, Tsai, L.L., and Boutwell, R.K. (1978). The localisation and
significance of GGT in normal and neoplastic mouse skin. Cancer Res. 38, 3697-3701,

21. Dehnen, W., Tomingas, R., and Roos, J. (1973). A modified method for the assay of benzo(a)pyrene hydroxylase.
Anal. Biochem. 53, 373-383. _

22. Habig, W.H., Pabst, M.J., and Jakoby, W.B. (1974). Glutathione-S-transferase. The first step in mercaptouric
acid formation. J. Biol. Chem_ 249, 7130-7139.

23. Emster, L. (1967). DT-Diaphorase. In: Methods in Enpmel. (Estrabook, R W, and Pullman, M.E. Eds)), 1Q,
309-317.Academic Press, New York.

24. Roe, J.H. (1955). The determination of sugar in blood and fluid with anthrone reagent. J. Biol. Chem. 212,
335-343.

25. Warren, L. (1959). The thiobarbituric acid assay of sialic acids. J. Biol, Chem. 234, 1971-1973.

26. Folch, J., Lees, M., and Sloanz-Stanley, GH. (1957). Isolation of total tissue lipids. J. Biel. Chem. 226,
497-509.

27. Wagner, A., Lissau, A., Holzl, J., and Harthammer, L. (1962). The incorporation of P" into the inositol
phosphatides of rat brain. J. Lipid. Res. 3, 177180,

28. Zlaikis, A., Zak, B., and Vboyle, AJ. (1953). A new method for the direct determination of serum cholesterol. J.
Lah, Clin. Med. 41, 486-492.

29. Lowry, O.H., Rosenbrough, N.J., Farr, A.L., and Randall, R.J. (1951). Protein measurement and Folin Phenol
reagent. J. Biol, Chem. 193, 265-275.

3¢, Snedecor, GW. and Cochran, W.G. (1967). One way classification: Analysis of variance. In Statistical Methods,
{6th ed.). 258-296, Iowa State, University Press, Ames, lowa.

31, Mukherjee, S., Upreti, R.K., Tekwani, B.L., and Kidwai, AM. (1992). Biochemical analysis of jejunal brush
border membrane of golden hamster: Pathogenic modulations due to ancylostomiasis. Indiun. J. Biochem.
Biophys. 29, 82-86.

32. Gonschalk, A, (1960). Comrelation between composition, structure, shape and function of a salivary mucoprotein.
Nature. 186, 949-95].

33. Murakami, S., Yamada, H., Muramastu, M., Aibara, H., and Suwa, T. (1988). Effect of sofalcone on gastric
mucous glycoprotein in experimental gastritis induced by sodium taurocholate. Res. Commun., Chem. Parh.
Pharm. 62, 461-482.

34. Grisham, M.B., Ritler. C.V.,, Smith, B.F.,, Lamont, J.T., and Granger, D.N. (1987). Interaction between oxygen
radicals and gastric mucin. Am. J. Physiol, 253, 493-496.

35. Mead, J.E, Alfin-Slater, R.B., Howton, D.R., and Popjak, G (1986). In Lipids Chemisiry, Biochemistry and
Nutrition, 390-401 . Plenum Press, New York.

36. Bliterswijk, V.W.J., Hoeven, VR.P., and Meer, VBB, (1681). Lipid structaral order parameter {Reciprocal of
fluidity) in biomembranes derived from steady-state fluorescence polarisation measurements. Biochemica et
Biophysica Acta 644, 323-332.

37. Schwank, M. and Locher, M. (1985). 1-Napthol conjugation in isolated cells from liver, jejunum, ileum, colon
and kidney of the guinea pig. Biochem. Pharmac. 34, 697-701.

{Received June 28, 2002 Accepted September 16, 2002)



