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ABSTRACT

g-N-Acetylhexosaminidase in human serum wvere studied by heat
inactivation using spectrofluorometric method. This enzyme consist
of two iaior forms; ﬁEXA (heat labile) and HEXB (heat stable). fwo
hundred and seventy six serum samples from normal subjects (n = 120),
control subjects (n = 49) and obstructive jaundice patients (n= 107)
wvere analysed. The values (mean # SD) of total HEX were 18.5 % 3.5
U/min , 20.8 + 5.6 U/min and 38.9 + 14.8 U/min respectively; HEXB
vere 8.3 + 1.9 U/lin, 9.0 + 3.8 U/min and 18.9 + 9.8 U/min respec-
tively; and HEXA were 12.1 + 2.0 U/min, 11.8 + 3.7 U/min and 20.1 +
6.5 U/min respectively. The total HEX, HEXB and HEXA in obstructive
jaundice patients compared to normal and control subjects ﬁere stat-
istically significant inérqasing (P ¢ 0.001). In accordihg to tissue
diagnosis, the benign (n=10) and malignant (n=25) biliary obstruction
were determined. The results showed the ingreasing of total HEX, HEXB

and HEXA in malignant biliary obstruction but no statistically signi-
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ficant increasing at P ¢ 0.05 . Increased level of HEX may defect in

clearance HEX of the liver and over releasing from malignant cells.

Seventeen fasting sera of obstructive jaundice patients were
studied the correlation between total HEX, HEXB and HEXA with total
bile acids. The total HEX and HEXA were correlated to total bile
acid ¢ P ¢ 0.05) with correlation coefficient (r) of 0.511 and 0.644
respectively. These are consisﬁent with the idea that elevated bile
acid in circulation can damage the Kupffer cell membranes, impeding
the clearance of the HEX from the circulation resulting in elevated

serum levels.
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CHAPTER 1

- INTRODUCTION

1. p-N-ACETYLHEXOSAMINIDASE

1.1. BACKGROUND

The lysésonal hydrolase p-N-acetylhexosaminidase
(z—Acetanido-z-deoxy-p-D-hexoside: Acetamidodeoxyhexohydrolase, EC
3.2.1.52) or p-hexosaminidase(HEX)is a complex group of glycoptotein
(1,2) with terminal mannose or N-acetylglucosamine (3) and has. both
N-acgtylg]ucosalinidase and N-acetylgalactosaminidase activity with
pH optima between 4‘and 5 (4,5,8). This enzyme is primarily of lyso-
,.sonal origin and is concerned with the degradation of glycosidic
linkages of the non-reducing terminal p-D-N-acgtylglucosanine and
g-D-N-acetylgalactosamine residuals on natural substrates as glyco-
lipids, glycoproﬁeins and glycoaminoglycans (7,8). It exists in
various isozyse forms in human serum, urine, leucocytes, macrophages,
body fluids and tissues (9). The isozymes can be seperated into two
major forms (A and B) and several minor forms (i.e.I , I,, S ind P
on the basié of different charge properties (10,11). Furthernore,
the HEX isozymes are coiposed of two different polypeptide chains,
denoted « and g (12), that having been mapped to chronosone 15 and 5
respectively (7). For example, isozyme S contains only «-chain,
isozymes B and P contain only p-chain while isozyme A is composed pf"
both «-and g-chain (13,14,15). It has been controversy about the
number of polypeptide chain forming HEX. In according to the mole-
cular weight study in lany laboratories have reported the structure

as tetramer and hexamer(12,16,17). The relation amounts of different
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isozymes vary between different sources and are ﬁltered in certain
physiological and pathological condition (18). For instance, an
increase of the serum isozyme P is seen in pregnancy and liver
disease (19). Renal injury is associated with an increase of ‘total
HEX activity in urine and increased relative anount, ofithe isozyme B
(20,21). Total HEX is also increased in different form of cancer
(22,23). An elevatidn.of isozyme I, activity is seen in lylphocytg
 of patient with acute lylphocyﬁic leukemia (24,25). Then, the usage
of §oluble,'synthetic, chromogenic and fluorogenic substrates for the
leasurenent‘of BEX hydrolyzing activity proved to be very helpful
(26). Especially, the method predominantly used for prepar;tive
isozyme separation is ion exchange  chromatography. The anionic ex-

changer DEAE coupled to various snpports is the one most commonly

usefulness (7).

1.2. ASSAY FOR p- HEXOSAMNINIDASE

1.2.1. ARTIFICIAL SUBSTRATES

In case of quantitative assay the most
CORRON artificiaf substrate used to assay HEX is the N-acetylgluco-
samine derivative of the fluorescent compound 4-methylumbelliferone,
4-lethylun$g11iferyl—p-D-N-acetylglucosanine(4-HUGIcNAc) (7). There
are variation to the conditions for this ass;y in tissues and in
serum. However, all uére developed the fluorescence of 4-methylum-
belliferone after hydrolysis from thé ’non-flnorescent 4-MUGlcNAc
(27-30). The colorimetric sﬁbstrate, p-nitrophenyl-p-D-N-acetylglu--

cosamine is also widely used but is less sensitive and subject to
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some interference from colored naterials include tissue extracts or
in bodﬁ fluids (7). Hydrolysis is measured spectrophotometrically
by several similar methods (31,32) that are based on earlief ASSAays
(33). Recently, two new colorimetric substrates have been described
2-lethoxy-4-(2'-nitrovinyl)-phenyl—p-D—GlcNAc (34) and sodio-m-cre-
solfonaphthaleinyl-p-D-GlcNAc(35). Furthermore, HEX also hydrol&zes
N-acetylgalactosamine derivatives of thesé suhstrates.' Although the
Kn s are lower than those estimated with N-acetylglucosamine deriva-
tives, the vmax values are 3-9 fold lower (31,33,36,37). Optimal
',conditions for HEX assays have been studied extensively but vary with
the nature of the enzyme source and should be checked before signi-
ficant decision are made on the results of an assay (7). The pH
optimum is usually between 4.1 and 4.5. Acetate buffers inhibit HEX,
thus the assays are normally preformed in citrate-phosphate buffers
(38,39). Because of the high sensitivity with the 4-methylumbelli-
ferone substrates HEX are often performed in dilute solution, and
under these condition, 0.1-0.3 % albumin should be added to prevent
protein denaturation or absorption of the enzyme on the vessel walls.
Many commercial preparation of albumin contain HEX activity, hovever,

and should bé assessed with appropriate blanks (36).

In quanlitative assays the HEX activity can be demonstrated
in tissue sections, culture fibroblasts, or in bands of native
(undernatured) enzyme seperated on electrophoretic system using a
number of colorimetric reagents. Pugh and Walker (40,41) used
o-naphthyl-g-D-GlcNAc and naphthol AS-LC-p-ﬁ-GlcNAc, while Hyashi
(42) used naphthol AS-BI-g-D-GLcNAc coupled to diazonium salt, fast

- Garnet GBc, or hexazonium pararosanilin. Fluorescent detection can
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also be used on electrophoretic media. Bands are identified after

incubation with 4-MUGlcNAc (43).

1.2.2. NATURAL SUBSTRATES.

The isozyme of HEX can be distinguished to
some degree by their natural substrate specficities, as wvell as by
difference in their charge and stability. However, there are several
problem in studying the hydrolysis in aqueous media. Not only are
there several HEX isozymes but there are difficult to prepare, often
involving lengthy purification and may require detergents or natural
activators for optimal hydrolysis (7). The detergents sodium tauro-
cholate or sodium taurodeoxycholate (44,45) and the natural aétiva-
tors as albumin and ovalalbumin (44,48) greatly. increase natural
substrate activity by both HEXA and HEXB. Moreover, there are
difficulties with the stability and purity of the substrates as well
as the isolated:enzymes. Thus, the interpretation of data on natural
substrate hydrolysis by HEX is .difficult (7). There are several
important natural substrates in vivo. Gangliosides especially GHM,
ganglioside is one of glycosphingolipid containing equimolar amounts
of ceramide, glucose, galactose, N-acetylngnralinic acid and N-acet-
ylgalactosamine. The p-linked hexosamine is at the nonreducing end
of oligosaccharide chain, and the linkage can be clea?ed by HEXA but
not by HEXB in vivo. The terminal hexosamine in the related glyco-
lipid GA, (Asialo GM,>, and in globﬁside GL,, however, can be hydro-
lyzed by both major HEX isozymes (48). Glycoaminoglycan (GAG) are
oligosaccharides composed of disaccharide units with varying degrees

of sulfation. MNost contain a wuronic acid and hexosamine in the
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disaccharide. If the hexosamine is p-linked and at the nonreducing
end of the loléculé, it is a potential substrate for HEX for example
hyaluronic acid, keratan sulfate, dematan sulfaﬁe. Although Glyco-
minoglycan are catabolized by HEX, these compounds are not stored
nor qxcreted in excessive quantities in patients with defects in ﬁEX
activity (47). alycoproteins are asparagine-linked oiigosaccharides
on glycoproteins contain GlcNAc residuals, serine-and threoaine-
linked oligosaccharides contain both GlcNAc and GalNAc residual (48).
Glycoproteins are degraded in liver in the lysosome. HEX in lysosone |
can cleave terninal $-1,2, p-1,4 and p-1,6-1inked GlcNAc residuals
from oligosaccharide side chain of glycoprotein (49). Steroid:
Tomasi et al (50) demonstrated that HEXA, B and S can hydrolyze
GlcNAc residuals. from dehydrocpiandrosterdne-a-p-ﬂ-elcNAc and test-

ersterone-17-g-N-GlcNAc.

1.3. CHARACTERIZATION OF p- HEXOSAMINIDASE

There are several techniqigs in characterization of
HEX isozymes depending on their properties but the general and
popular methods afe.discussed. Firstly, 'ion exchange chromatography,
a separation method in which component with different net charges are
separated when a gradient of increasing ionic strength is used as
the eluent. In this method the amionic exchanger DEAE coupled to
various supports (eg. Cellulose, Sephadex, Sapharose 8B-Cl) is used
to adsorb the HEX isozymes. The isozymes are them deabsorbed by the
increasing of ‘NaCl concentration gradient and continuously are
eluted from the column. Secondly, isoelectric focusing electrdbho-

resis (IEF), the sample components are separated in a pH-gradient
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according to differences in isoelectric point (pI)>. Then, each of
"HEX isozymes can be separated by IEF in difference peak that depend
on isoelectric point. According to this method the different in pI
| of isozymes, and fine structure are elucidated. Thirdly, gel fil-
tration, the gel acts as a molecular sieve separating molecules with
difference in molecular size and weight. Then, the molecular weight
(Mr) of undenatured enzyme is determined by gel filtration. Forthly,
SDS-PAGE, the salpie components are separated based on their diffe-
rences in net charge, size and shape. The sodium dodecyl sulfate
(SDS) denatured protein at disulfide bona. The MNr of the fine
structure, polypeptide chain, are elucidated by SDS-PAGE. In addition,
the oligosaccharide structure of carbohydrate and amino acid
. sequence of polypeptide chains were deterlined‘by both of the re-
versephase HPLC and *H NMR spectroscopy (51,52), Finally, the heat
~ inactivation method are designed to calculate the quantit§ of HEXA
and HEXB activity as a percentage of total activity in fluid or
tissues. A reliable differential assay method by he&t inactivation
is important because the easiest and most reproduceable procédnre.
A comparison is thus nade -betveen the HEX activity in heated and un-
heated salﬁle. By convention the residues activity is commonly call .
HEXB, although in serum it is largely HEXI (7). However, the several

method are used to characterize HEX isozymes that did not mention.

A number of researchers believed that lysosomal hydrolases
are first synthesized at special  population of rough nicrosone as
bound enzyme protein is transported from fough mnicrosome through
smooth microsome, Golgi apparatus, to primary lysosome. As enzyme

transportation there would be some addition of carbohydrate residuals
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especially N-acetylneuraminic acid té the peptide backbone increa-
sing the acidity and - solubility of enzyme (53,54). Then, the pre-
cursor of high nolecular weight and subsequently processed to mature:
forms, presumbly by protienase (55,56). Maturation of lysosomal
enzymes occurs after their segregration_fron theb secretory pathway
and is accomplished, at least partly, within lysosomes. Like other
lysosomal enzymes the HEX isozymes are g}ycoprotien and must be
specifically target to their destination by cell (57). The molecular
férls, the pathway, the modification, and the elimination of these
enzyme remain to be established. Thus, the characterization of
structure and function in cells, tis#nes, and body fluids are eluci-

dated.

Although hulai placenta contain a lower proportion of lyso-
sonal enzyme than kidney and liver, it general availability had made
it the tissue of choice for large-scale purification. In according
to ion-exchange chromatography, SDS-PAGE, IEF/SDS-PAGE Qnd 2™* IEF/
SDS-PAGE methods can show the charactérization of human placenta HEX
isbzynes in Table 1. (7). VWhile the conclusion of.Geiger and Arnon
(12) have indicated the subunit structure for HEXA vas « 8, » HEXB
vas p,8, and HEXS was a,a, The. Mr obtained for HEXA is 100,000,
vhereas HEXB'“ﬁppeared slightly larger,,ﬁbont 108,000. The number
of disulfidé bridges (inter-or-intra chain) are present in each
g-subunit, whereas-only one disulfide bridge connects the two «-chain
in the «, dimer. 1In addition, each a-chain contain one free sul-
hydryl gfonp that is absent in the p-chain (Figure 1). The relat-
ionship of A to B isozyme appearent comversion of the rearrangment

from «-subunit to new pfsubnnit that cbuld be catalized by heating,
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Table 1 Characterization of human placental hexosaminidase isozymes® v

Prbposed

Native ‘K‘(IH) 'Native Subunit polypeptide
HEX pl 4-NU-GlcNAc | M_(x10”"){M_ (x10™°)|structure
s” 4.2 nd’ 120 2 x54 2«
A 4.9 | 0.84 + 0.10 120 54356 «(pagh)”
I, |5.3,5.6 | 0.73 + 0.06 140 81365 "«"(pa"pb")"
D nd nd " 140 2x 71 28
I, nd 0.85 + 0.13 130 58356 pres(pagb)”
B 6.9 | 0.71 + 0.05 130 2 x 58 2(papb)
B," | 6.7 | o0.64+0.08| 130 2 x 56 | 2(pagb)

a: Publishéd by Mahuran et al (7)

b : Produced by disruption and subunit rearrangement of HEXA.

(2]
o

Polypeptides within parentheses are covalently bound via a

disulfide bridge(s) to form a single.subunit.

-9
(1]

Quotation marks indicate that the chain is structurally
related but not identical.
e :_Lilited data are available to confirm this étructurg.,

f : Not determination
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Figure 1  Suggested molecular structure of hexosu1n1dase A and B.
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~and one sjalic acid residue (NANA) are present.
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freeze-thawing, or treatment with mercurials such as merthiolate, a
preservative used in séle neuraminidase preparation (13,17,26,45).
In the part of carbohydrate structure, Freeze et al(58)have reported
the nannose_residugls predoninated, galactose was also found, indi-
caﬁing the presence of both a conpléx; (or hybrid) as well as high
lannése type oligosaccharide. The kineticé of the HEX isozymes,
"using the nonlinear 1least square iethod and highly purifieé pla-
centa HEX B,, B, I_, I, and A found no significant difference ih Kn
. for the 4-MUGlcNAc in 95 % confidence limit (Table 1). The Vmax
values for HEXA and HEXB were about equal and twice those of HEX B,,

I, and I, (7).

Serum HEX activity has been assayed for many yénrs in order
'to diagnose patients‘with Tay-sachs Qisease(TSD) or Sandhoff diseasé
(SD) and to identify individuals who are heterozygotes for these gene.
By DEAE-cellulose chromatography, Lowden(59) separated HEX of normal
serum into 3 distiﬁct peaks. HEXB is not bound to the ion exchanger
but pass through in the void volumn. HEXI is loosly bound and eluted
shortly after the NacCl gfadient is applied at 0.02-0.03 M salt. HEXA
_is more tightly bound and requires a concentration of 0.13-0.15 X
NaCl for elution iFigure 2). Morever, by 1EF éhronatography the HEX
pattern are at least 7 peaks of enzyme activity. HEiB activity
separated with i pl of &ppfoxilately 8.9. It is followed'by isozymes
vith pI values 6.7, 8.3, 6.1, 5.7, 5.4 and finally HEXA at 5.0
(Figure 3,4). The serum isozymes have been name HEXA, B,I etc., liké
the tissué enzynes,‘howéver, there are important difference between .
serum and tissues isozyles. Ninety percent of serum HEXA (HEXA®)

have difference from HEXA in tissues, for example, the molecular



N-ACETYLHEXOSAMINIDASE (nmoles/ml/hr)

Figure 2

M. NaC!

FRACTION NUMBER

DEAEAchrOlatography of normal serua hexosalinidases;
Serum (0.5 ml) was gialysed and applied to a 2x3 ca
column of DEAE cellulose. The column was eluted with
a.gradient-of NaCl in 0.07 ¥ sodium phosphate buffer.
Fractions (1 ml) were assayed for total hexosaminidase

[ J—— o) and for heat-stable hexosaminidase (o____®)
Conductivity néasureléits were used to deterniné ;he
polarity of NaCl ih the effluent QL;_____;A.) . Afrow
indicates start of gradient in eluting buffer.

1 =HEXB , 2 = HEXI , 3 = HEXA
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Figure 3 Isoelectric focussing of normal serum hexosaminidases.

0.5 nl serum applied to a mini column containing 27.5
al of pH 4-8 ampholines at 2.5 ml pH 4-8 ampholines"
a£'2.5$<in a 0-50% sucrose gradienmt. Fractions of 5

drops were collected and assayed.
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weight slightly ldpger, more basic, and neuraminidase sensitive than
tissues HEXA (80). On the other hand, a HEXA‘-like isozyme has been
found to be the predominant form in tears as well as in symovial,
seminal, and cerebrospinal flﬁias (61). Zuhlsdorf ei al (9) sepa-
rated serum HEX by SDS-PAGE. Using the Western blot technique with
specific anti-HEXA serum, they concluded that 80 % of a«-and a-chain
in serum were in tﬁe precursor form and had pIs of 5.2-5.3. Moreover,
the carbohydrates aré predoninantly endo H-resistant and contain some
sialic acid group (62). In the part of serum HEXB appear to contain
primarily of p-precursor with endo H-resistant. It is considerably
more resistant to heat denaturation than HEXA® and had p;s of
7.6 - 7.7. A comparison between tissue and serum ‘ﬁEXB is more di-
) fferent because HEXB is only identified as isozyme iﬁ not bound to a
pH 6 or 7. But it is interesting that in serum the amount of DEAE-
unbound HEXB is reduced (3-15% of the total activity) as compared
to tissne sources, with corresponding increase in the HEXI fraction
(62,63). The HEXIs (intermidiates) are a hetéfogenons population of
‘linor HEX isozynes éhosev pIs are between those of the two major
isozymes, HEXA and HEXB (80). The HEX activity peaks are numbered
‘starting at the beginniha of the salt gradients thus HEXI, .is sligh-
tly more acidic than HEXB but more basic than the rest of HEXIs (59).
In serun the predominant forms are I, and I, , and they contain exc-
lusively pre-p-chain, bﬁt in placenta HEXI_, contains a polypeptide
structurally related to a« chain (7). The neuraminidase sensitivity
suggest that the pré-p-chain are variable sialylated to produce the
HEXIs (9). Comparison of serum HEXIs with the HEXIs described in
placenta is quite different. The serum HEXIs are heat stable and

are increased of pregnancy or diseases but in placenta HEXIs are not
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heat stable, and the tissue HEXIs in general remain constant during

pregnancy (7).

In conclusion serum enzymes are the product of secretion by
fibroblaéts, endothelial cells, smooth muscle cells, macrophages,
lymphocytes, and granulocyted (9). Bearpark and Stirling (49) have
shown that infused BEXA® was rapidly cleared from the circulation
~when sialic acid wvas removed. The oligoﬁicchafide chain had a

terminal galactose residual, presumably the galactose terminal gly-
coprotein were removed by the hepatocyte-dependent, receptor mediated
plasea clearance pathway (84). Giycopfoteins and various tissue-
derived lysosomal hydrolases with terminal mannose or GlcNAc resi-
duals are also specifically cleared from plasma following infusionm,
by a second receptor-system (65); the liver Kupffer cell are prima-
rily :esponsible for this receptor-aediated uptake (88) which nmay
represent simply a general pathway for the clearance and lysosomal
degradation of circulating glycbproteins. These two glycoprotein
clearance pathways would rapidly remove from the circulation any HEX
isozynes-that did not contain fully sialylated, complex-type oligos-
accharide moities. The resulting serum HEX isozymes thus are the
result of the concentration of the most sialylated HEX isozymes

secreted by variuos cells (7).

1.4. p-HEXOSAMINIDASE AND DISEASES

The.physiological functioning of the HEX is perhaps
best clarified by the consequences of their absence. MNoreover, the

isozymes of HEX can be distinguished to some degree by their natural



18
substrate specific, as well as by differences ih their ’charje and
stability. All HExvisoéynes catabolite, ;ll the artificial subst-
rates. In Sandhoff disease patients total HEX imability to degrade
lipid hexosaminidases lead to #torage of GM, ganglioside, asialo GM,
gahglioside and globoside. Both HEXA and HEXB are absent from all
ti;sues (resulting from defects in p chain synthesis) (47). In
classical Tay-sachs disease inability to degrade GM, ganglibside.
The enzyme dificiency is not as conplete; HEXA is absent (resulting
from defects in « chain synthesis) and a normal or eveﬁ elevated
level of HEXB (28). Moreover there are eXist several minor forlg of .
HEX (HEXC, whlch has a higher pH optimum; HEX I, Ig (P) which are
‘found in serum, part1cularly of pregnant women; HEXM, found in lale
urine; and yet other form seen in fibroblasts from patients vith
I-cell disease) (87). These minor form could represent interme-
diates in the synthesis or degradation of HEXA and HEXB, or be
uﬁrelated. Although their biological function is unknown, the minor
forms should not be ignored, if only becanée they may interfere with
analytical determinations of HEXA and HEXB and with interpretation of
the results (67). The alteration of HEX activity and proportion of

HEX isozymes occur in various kind of diseases.

I-cell disease, the serum form I-cell patients has a tenfold
increase in total HEX activity, a large amount of this increase in
the HEXI region, with a smaller increase in BEXB.k The HEXB also
appeared to be more neuraminidasesensitive tham normal seru; HEXB

vhen separated on Carboxymethyl-cellulose (82).
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Diabgtes Mellitus (DY), tﬁe total activity in serum and
urine is also increased in newly disgnosed patients with DM; thé‘
high level can be.reduced by insulin treatment (68). In pregnancy,
the total HEX activity increase, prédoninantly'of the HEXI. Using
DEAE-cellulose chromatography can be clearly that in ndrna], the
aétivity ratio of A/B are 4.5 + 1.33. During pregnancy the ratio
falled slightly to 3.01 + 1.08 (59,85). while, rheumatoid arth-
ritis, the HEX isozyme pattern in synovial fluid taken from patients
shoved the presence of tissue-like HEXA (mature HEXA) and HEXB.
After remission, the peptidg returned to one resembling normal

serum (61).

Renal disease, the presence of glomerular damage in patients
with Goodpasture disease could be detected by the increase in the
HEXA® form in urine; In contrast, patients with nephrbtic‘syndrona
show incieased anounts of the tissue-like HEXA an& HEXB in urine,

reflecting tubular epithelium damage (81). It has also been
suggested that an increase in the total urinary HEX activity could
be used as an early warning sign of renal tramsplant rejection or

renal disease (89).

various kinds of cancer also show an increment in total serum
HEX activity, predominantly in the HEXI (61). Ellis et al (24) sug-
.gested that the ratio HEXI: HEXA® could be used in the differential
diagnosis of leukemia in children. The total serum HEX 1level were
significantly elevated in sera of subjects with female §enital éan—
cers, and in subject with ovarian cancer (70). Furthermore, the HEX

of various tumor seems to offer an interesting problem for the
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study of enzyme markers of tumors. Studies iﬂ HEXA and HEXB in human
colon (71,72), breast (72), renal (73) and ovarian carcinona (74)
indicated that total HEX and HEXB activity increased. Iﬁ different
studied oﬂvhunan ovarian(74) and prostatic tumors(76), the activity
Of‘HEXB was reported to be with in normal ranges. . In addition to
these major types of isozymes, variant form of £he isozymes in tumor
tissues‘have been describe&. Recently, an atypical thernolabi%e”forll
of human HEXB was observed in cell line pf colonic carcinoma (77) as
well as iﬁ tumors metastasized to li;er (8). Finally, the elevation
activity of HEX and atypical thermolabile form of HEXB was observed
in human lung éancer, This finding indicate that the formation of
mixed disulfide bonds in the tumor HEXB increases ihe net negatjve

charge and results in the appearence of a heat labile form (78).

Numerous investigators have found altered activityvlevels and
properties of specific glycoside in malignant tis#ues, since glycosi-
dases are concerned with removing specific sugar residuals from gly-
coconjugated and since glycoconjugates are involved in cell-cell
interactions, altered glycosidases could wmodify soluble on cell
surface glycoconjugated and lead to decreased adhesiveness, increased
invasiveness, and the latﬁstgtic spread of cancer (79,80). The
isogyle compositions and/or altered isozyme properties exist im human
primary cancerous and metastatic tumor tissues (8, 24, 81, 71, 73,
75, 78, 77, 81). A number of £hese studies have. specifically
reported altered electrophoretic and kinetic properties of HEX iso-
zymes in human cancerous tissues. Kimball et al (77) reported on a
variant HEX isozyme (designed F) in a human colonic carcinoma cell

line of high metastatic potential which has a pI near that of HEXB
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but is more thermolabile and hﬁs lower activity at acidic pH values
vhen compared to normal MEXB. Chatterjee et al (75) have féund that
HEXB %ron ovarian adenocarcinoma is more labile to heat and acidic
pH values than is HEXB froa normal ovarian tissue. Narita et al
(81) have very recently reports on the presence of an atypical HEXB
in human lung adenocarcinoma which is very similar to the atypical
HEXB® described above and the one previously characterized in human
liver metastasis. These variant HEXB usually have slightly more
| acidic pI values, exhibit significantly decreased thermostability
and have subtle differences in their pH optimum curved (decreased
activity.at acidic pH values) vhen compared to normal HEXB. The
evidence suggesting that the atypical HEXB in human lung» carcinoma
is due to an enzyme protein containing a sulfhydyl modefication

(possibly reacted with glutathione) (B81).

The liver diseases, the various study about the HEX in liver
diseases, together with malignancy in liver diseases (5,10,89,90,91).
The incréasing in total HEX activity and percentage of HEXB are shown
in Table 2,3 and probably result from-twvo causes. One, defect in
clearance system: Earlier studies have shown that the clearance of
HEX, a 1y3030la1 enzyne, from blood is performed by non-parenchymal
cells of the liver. From fractionation techniques, autoradiography
and histochemical studied of rat liver tissue have revealed that the.
non-parenchymal cells are the principle cell engaged in the recogni-
tion of terminal mannose or GlcNAc residuals such as HEX (82,83) by
the mannose / glucosamine receptor(84). There are several impairment .
in clearance of receptor. First, the non-parenchymal cell cannot

display their optimum clearance properties since they have lost
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_contaét with nuch of the portal blood (85). Second, the henpdynalic
disturbance, virus as well as toxic agents, particularly alcohol,
attributed the phenomenon to depression of tﬁe reticuloendothelial
system (86). Finally, the increasing of bile acid in the circulation
or in hepatocytes may produce change in lélbrane of cell (include
Kupffer cells) by acting as detergents and disrupting membrane bound
receptor function. Especially, the Kupffer-cell ielbrane is even
nofe accepﬁqble to detergent action of bile acid than the sinusoidal
,lelbrgne (87). There are the results in decreasing clearance of HEX
that are normal cleared by this mechanism. Two, overproduction and
reledsing, there are many tumors themself may be responsible for the
elevated HEX 1level by increased production (5). Furthermore, in
macrophages it has been possible with several agents, e.g. endotoxin
' or antigenic stimulation, to induce of intarcellular content and

release of 1&8080.&1 hydrolases (88).



" Table 2 Cancer patients and hexosaminidase enzyme by fluorometric

detection (5).

Group description(N)

HEX activity

Percent HEXB

(U/min)

Mean + SD | Mean + SD
Normal (18) 18.4'4 5.0 | 29 + 9
Pathological (27) 19.0 + 8.0 | 25 + 8

Ns" Ns”

Cancer i108> 29.2 + 21 28 i 9

<.05",.02" | wns®, Ns*
Cancer patient subgroups
- No metastasis (43) 21.8 + 12.2 | 284 8

Ns®, Ns* Ns®, Ns®
- Liver metastasis (35) 39.0 + 28.8 | 27 + 10

¢.01%,.001*} Ns*, ns®
- Non-liver metastasis (24)  |26.5 + 15.8 | 28 + 9

¢.05", .05"] ws*, ns'
- Liver and other metastasis(6)|37.4 + 12.7 | 34 + 10

 |<.001*,.001*| ws*, <.05"

NS

”"”

no significant (P > 0.01)

P values compared to normal values.

P values compared to pathological values.

21
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Table é Liver diseases and hexosaminidase enzyme by colorimetric

detection.
Refe- HEX activity
! ' {Uimin)
Liver disease patients rence{ NO Mean + SD
Normal control ‘ 89 19 | 15.8 + 3.5
Cirrhosis (Alcoholic 20, N
Hepatisis 15,Cryptogenic) 10 45 | 24.9 + 8.9
Primary biliary cirrhosis 10 10 | 36.6 + 9.5
Alcoholic liver disease 89 8 | 19.3 + 9.5
Acute hepatitis A 90 | 45 | 28.9 + 10.1
Acute bepatitis B " |0 45 | -25.8 + 12.7
Chronic hepatitis B (HB_Ag
-positive) 90 12 | 34.4 + 268.8
~ Chronic hepatitis B (HB_Ag
-negative) } 90 17 | 24.0 + 9.5
viral hepatitis 89 5| 23.347.4
Cholestasis (Choledochol- .
ithiasis 5, other 5,
Malignant biliary duct or
pancrease 8) | 10 16 | 40.3 + 10.86
Benign extrahepatic obstr-
uction (gallstones) 89 10 | 23.10 + 4.7
91 14 | 30.24 + 2.84




Table 3 (conﬁi.)

Refe- HEX- activity
N {U/min)
Liver disease patients rence{ NO | * Mean # SD
Prolonged intrahepatic cho-
lestasis 91 15 | 39.4 + 2.44.
Malignant of extrahepatic
obstruction (Carcinoma of head
of pancrease 14, cholangioca-
cinoma 1) 91 15 45.49 + 4.34
Malignant of extrahepatic _
obstruction 89 | 18 | 47.8 + 14.7

23
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2. OBSTRUCTIVE JAUNDICE

Jaundice is a condiﬁion {h which the scleras, nucous
membranes and skin become abnormally yellow as a result of an
increased concentration of bilirubin in the blood, usually greatér
‘than 3 mg per dl. It can result from a varity of disorders from
life-threaﬁening disease of.the liver and biliary tract to innocuous
impairment of hep@tic bilirubin transport. Plasma bilirubin concen;
tration reflécts a state of dynamic eqnilib;iul between bilirubin
production and hepatic bilirubin clearance, or some combination of
the two (93). Simple classification of jaundice is into three pred-
ominant types. Pre-hepatic, there may be increased bilirubin -load
on the liver cell. Hepatic, there may be a disturbance in uptake,
- transport and conjugate of bil;rubin within the liver cell. Finally
cholestasis might be due to obstruction to the biliary tract before
the bilirubin reaches the ihtéstine. Then, the clinical cla?si-

fication of the jaundice by Warren and Kune are shown in Table 4 (92).

In most patients, jaundice reflects the presence of choles-
‘tasis. Cholestasis was originally coiﬁed by the wmorphologist to -
imply viable accumulation of bile in cells and biliary passages,
usually associated with dilated ‘bile canaliculi, the clinician
defines as an exess of biliary substances in the blood, and in
common usage implies interference with bile flow into the duodenum
asscoiated with jaundice. However, the process sometimes involves
only part of the liver and jaundice may be absent even through other
clinical and biochemical feﬁtnres pointing the cholestasis are

present (94). cboléstasis, thus, has been diyided into the type



Table 4 Clinical classification of jaundice
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1. Increased Bilirubin Load

Excessive haemolysis

Congenital haemolytic anaemias

Acquired haemolytic anaemias

Haemolytic disease of the newborn
Incompatible blood transfusion

Haemolysis causéd by drugs and infections

Primary- "shunt” hyperbilirubinaemia

Gilbert’s syndrble
Grigler-Najjar Syndrome
Neonatal jaundice
Acute viral hepatitis
Chronic hapatitis

. Hepatitis caused by drugs

and infection

/

2. Defective Bilirubin Transport and Conjugation

\ Frequently other factors

involved such as cholestasis
and excessive

haemolysis




Table 4

(conti.)

3. Cholestasis

Intrahepatic cholestasis

Cholestatic form of acute viral hepatitis

Acute alcoholic hepatitis

" Postnecrotic cirrhosis (sometimes)

Dubin - Johnson and Roter syndromes
Drug-induced cholestasis

Methyl testosterone

Phenothiazine drugs - chlorpromazine
- prochlorperazine
- trifluoperazine
Ooral hypoglycaemics - chlorpropaaide
- glibenclamide

Erythronycin estolute

Imipramine |

Methyl dopa .
Cholestatic jaundice of pregnancy
ofal ponfraceptives
Postoperative cholestatic jaﬁndice
Primary biliary cirrhosis

Benign recurrent idiopathic cholestasis

26



Table 4  (conti.)

3. Cholestasis (conti.)
Mechanical bile ohstrnction - extrahepatic cholestasis
Choledocholithiasis
Malignant obstruction
Bile' duct
Gallbladder
Pancreas
Papilla of Vater
Duodenun
Liver
Benign strictures
Traumatic (postoperative)
Stenosis of the papilla of Vater
Primary sclerosing cholangitis
Recurrent pyogenic cholangitis
Pancreatic inflammation
Acute pancreatitis
Chronic pancreatitis
Panéreatic cysts
Pancreatic abscesses
Parasitic infestation
Hydatids
Ascaris (roundworm), opisthorchis (liver'fluke)

Congentital biliary atresia
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resulting from obstruction (intrahepatic or extrahepatic) and the
type without obstruction. The extrahepatic biliary obstructiqn
most common obstacles t6 the flow of bile in the extrahepatic biliary
passdges are stones, tumors, and strictures. Gallstones may lead to
sufficient di}ation of the proximal ducts that bile may flow around-‘
them. Moreover, a ball-value effect of the stone iay cause temporary
biliary obstruction. Benign and malignant intrinsic tumor of the
bile ducts result in jaundice, as do extrinsic tumors that directly
invade the duct wall and fix it. The parasite and myocotic condi-
tion, choledocﬁal cyst, duodenal diverticular, or hepatic artery
aneurysas may cause obstruction. The intrahepatic iechanical biliary
is obstruction mechanical interference with bile flow in circums-
cribed portions of the intrahepatic ductal systen; as from intrahe-

_ patic stones, leads to focal cholestasis. Carcinoma at the bifurca-
tion of the common duct at the hilum of the liver with all the
manifestations of ﬁn extrahepatic process. The tumor begins in the
hepatic duct and may later involve the other. Suppurative chol-
angitis, usually_ascending and often associated with abcess forma-

tion, was previously a common cause of jaundice i95).

Carcinona.of the extrahepatic bile dﬁcts is more prevalent
in len; and usually presents as gradually progfessive obstructive
jaundice. According to data collected by Schoenfied (96) biliary
ductal carcinoma occur with about one-fifth the frequency of
carcinomas of the gallbladder, and one-eight the frequency of pan-
creatic carcinon#s (carcinomas of head of pancrease). The major
sites of predilection are the bifurcation of the common hepatic duct,

the middle of the common bile duct, and the ampulla of Vater, Bile
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duct carcinomas are fairly frequently found in societies where infec-

tions with the liver fluke, clonochis sinesis and opisthorchis

viverrini, is common. It is believed that the chronic obstruction
by these agents leads to inflammation which, in turn, leads to dysp-
lastic effects of possibly carcinogenic bile sterols (97). 1In case
of obstruction froi acute and chronic choleéystitis, the inflammatory
diseases of the gallbladder, are almost invariably the result of
previous cholelithiasis. Acalculus chelecystitic may complicate
b#cteraelia from elsevhere. Other causes of cholecystiﬁis without
gallstone include clostridia, polyarteritis, steroid treatment
‘and trauma. The gallbladdér is usually'contracted vith a thickened,
sometimes calcified, wall but mey be cystic. The mucosa is ulceratad

and scarred (98).
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3. OBJECTIVES -

3.1. To study and compare the activities of serum HEX and
isozymes in normal, control and patients (liver diseases with ob-

structive jaundice) subjects.

3.2, To compare serum HEX and isozymes in benign and malig-

nant biliary obstruction.

3.3. To study the correlation between - HEX and total bile

acid in fasting serum of normal and patient subjects.
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CHAPTER II
NATERIALS AND METHODS

1. MATERIALS

1.1 CHEMICAL REAGENTS

NAME - SUPPLIER
1. Bilirubin . . MERK (Germany)
2. Chlorofora * MAYLBAKER (England)
3. Cholic acid, sodium salt : SIGMA (U.S‘A.)
4. Citric acid, lonohydraté MERK (Germany)
5. Diaphorase (17 units/mg solid); SIGMA (U.S.A.)

Ec. 1.8.1.4 from Clostridium Kluyveri

8. Glycine (Essential ammonia free) SIGMA (U.S.A.)
7. Hydrochloric acid (37% W/W) ~MERK (Gefnany)
8. 3 a~ Hydroxysteroid .dehydrogenase SIGMA (U.S.A.)

(8.9 units/mg solid )>Ec. 1.1.1.50.

from Pseudomonas testosteroni

9. Methyl alcohol MAYLBAKER (England)

10. 4-Methylumbelliferyl-N-acetyl-g-D- SIGMA (U.S.A.)
glucosaninide

11. 4—Héthylulbelliferone (Free acid) SIGMA (U.S.A.)

‘12. p-Nicotinamide adenine dinucleotide : SIGMA (U.S.A.)

13. Resazurin, sodium salt ' SIGMA (U.S.A.)

14. Sodium carbonate, anhydrous | BDH (England)
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NAME ' ' _ SUPPLIER

15. Sodium hydrogen phosphate, dibasic.lz}lgo ' MERK (Germany)

16. Sodium hydrogen phosphate, monobasic.H_ o ‘ CARLO ERBA (Italy)
17. Sodium nitrite ‘ BDH (England)

18. Sulfanilic acid, monohydrate - - _ MALLINCKRODT (U.S.A.)
19. Tris (hydroxymethyl) aminomethane hydrochlorid SIGMA (U.S.A.)
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1.2 INSTRUMENTS

NAME MANUFACTURER

1. Spectrofluorophotoneter Shimadzu corporation, Kyoto (Japan)
lodél RF-5000

2. Cortroller unit lodei DR- 15 Shimadzu corporation, Kyoto (Japan)

3. Color graphic display nni£ Shimadzu corporation, Xyoto (ﬁapan)
nodel GDU-10C .

4. Spectrophotometer model UV-160 Shimadzu corporation; Kyoto (Japan)

5. The others :

pH-meter model ion analyzer150 Corning limited (England)

Analytical balance Sartorius research (W. Germany)
Water bath ' '~ Blue M eletric company (U.S.A.)

Vortex mixer ! Scientific industries (U.S.A.)

NOTE ¢ Units 1,2,3 are connected for fluorescence determination

(Figure 5).

310512 | 1194y



Figure 5

Layout of Photometer (1), Controller (2) and color

graphic display unit (3)

34
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2. METHODS

2.1 SUBJECTS

2.1.1. Normal subjects

Two groups of normal serum sample were
obtained.. The first is 95 fasting serum of héalthy subjects from
medical students, graduate studemts and technician of Siriraj
Hospital (85 lales_anﬁ 30 females) ages ranging from 17 to 57 years.
The second group is 25 serum of healthyv blood donors éron Blood
Bank Unit of Raiathibodi Hospital (18 males and 7 females) ages

ranging from 23 to 41 years.

2.1.2. Control subjects. .
| Forty nine fasting serum sample of patients
were obtained from sfinagarind Hospital,‘xhonkaen Univer#ity (35 males
and 14 females) ages ranging from 15 @o 81 years. These patients were
proved by clinical assessment and biochemical screening that they were
absent from liver diseases. Especially, the value of bilirubin exist
in nornailrange.

2.1.3. Patient subjects.

Seventeen fasting serum and ninéty serun of
liver disease patients wereA obtained from Siriraj Hospital and
Srinagarind Hospital (72 males and 35 females). All of them were
proved‘being obstructive jaundice by clinical diagnosis and bioche-
nical scregning test. Especially, the biochemical metabolism ;f
bilirubin showed abnormality.

2.2 REGENTS:

2.2.1. Reagent for g-N-Acethylhexosaminidase

2.2.1.1. Citrate - phosphate buffer, 0.04 N, pH.4.4
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Dissolve 0.84 gm of citric acid

aonohydrate and 1.432 gm of Na HPO,.12H,0 in 100 ml distilled water,

as solution 4. and B respectively. Adjusted solution B pH to 4.4

with solution A

2.2.1.2. Glycine - Carbonate buffer, 0.17 M,

_pH9.9
=

Dissolve 6.38 gm of glycine and 9.01
gn of sodium carbonate anhydrous in 500 nl distilled water, as solution

A and B respectively. Adjusted solution B pH to 9.9 with solution A.

2.2.1.3. 4 -Methylumbelliferyl-N-acetyl-p-

D-glucosaiinide solution, 1.0 mM.

Dissolve 0.00379 gm of 4-methylum-
belliferyl-N-acetyl-p-D-glucosaminide in 10 ml of citrate-phosphate

* buffer, 0.04 M, pH 4.4

'2.2.1.4. 4-Methylumbelliferone stock stan-

dard solution 2 mM.

Dissolve 0.00176 gm of 4-methylum-
belliferone in 5 ml of glycine-carbonate buffer, 0.17 M, pH 9.9.
This solution always keeps at 4°c.

2.2.2. Reagent for total bile acid.

2.2.2.1. Phosphate buffer, 0.085 M, pH 7.4

Dissolve 0.9 gm of NaH PO, .H O and
2.33 gn of Na HPO,.12H, 0 in 100 ml of distilled water, as solution
A and B respectively. Adjusted solution B pH to 7.4 with solution A.

2.2.2.2. Tris - HCl1 buffer, 0.05 M, pH 9.0

Dissolve 3.03 gm of tris (hydroky—
pethyl) amino methane hydrochloride in 500 ml of distilled water,

so adjusted pH to 9.0 with 6 N hydrochloric acid.
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2.2.2.3. 3a-hydroxysteroid dehydrogenase

(3a-HSD) stock solution, 0.048 U/ml

Dissolve 0.0001 gn of 3x-hydroxyste-
roid dehydrogenasé in 2 nl of cool distilled water. Then aliquot
6.5 nl of stock solution in plastic tube, stored at -20° ¢ and used
before one month.

2.2.2.4. 3a-HSD working solution, 0.0048 U/al.

Dissolve 0.5 ml of 3x-MSD stock
solution in 4.5 ml of cold distilled water.

2.2.2.5. p-Nicoﬁinalide adenine (g-NAD)

dinucleotide solution,0.012 gm/ml

Dissdlve 0.12 gm of g-NAD in 10 ml
of cold phosphate buffer, 0.065 N, pH 7.4.

2.2.2.6 Diaphorase solution, 2.5 U/l

Dissolve 0.00148 gn of diaphorase

in 10 ml of cold phosphate buffer, 0.085 M, pH 7.4.

2.2.2.7. Resazurin solution, 20 uM.
Dissolve 0.0005 gm of resazurin in
100 ml of distilled water. The solution always keeps at 4°¢

2.2.2.8. Cholic acid stock standard

solution, 200 mM

Dissolve 0.000886 gm ofvcholip acid,
sodium salt in 10 ml of distilled wvater. This solution always

keeps at 4°c.
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2.3 DETERMINATIONS:

2.3.1 Determination of p-N-acetylhexosaminidase and isozymes

in serum by heat inactivation method.

Principle: The substrate, 4-methylumbelliferyl-N-
aéetyl-a-D-glucosalinide, is cleavaged to 4—nethylunbelliferoﬁe and
g-N-acetylglucosaminide in citrate phosphate buffer, pH 4.4, at 37°c
by enzyme, p-N-acetylhexosaminidase, in serum. The alkaline solution,
glycine-carbonate buffer pH 9.9 is added to stop the reaction. The
enzyme assay was performed by spectrofluorophdtonetry of 4-methylum-
belliferone as the fluorophone in alkaline condition.

By heat inactivation method was modified from the
original method of 0 ’Brain (30) to determine HEXA and HEXB by incu-
bation of serum at 50°c for 3 hours. In this way HEXA was inacti-
' vated and the remaining activity, HEXB, was determined.

Procedure :

1. Dilute 0.1 ml of serum with 0.9 ml of citrate-
phosphﬁte buffer 0.04 M, pPH 4.4

2. Pipet 50 ml each of diluted serum into three
tightly stoppered plastic tubes. One tube are used to determine
total HEX, one tubes are heated at 50°c for three hours (HEXB deter-
- mination), and the last tube for blank. The tubes for total HEX and
blank are frozen immediately and keep frozen (thaw before assay)

3. Add 100)11 freshly preparation of 4-methyllumbe-
11iferyl-N-acetyl-p-D—glucosaninide solution to all assay tubes
except blank tube used citrate-phosphate buffer and incubaée at 37°c
for one hour.

4. Stop reaction with 5 ml of glycine-carbonate

buffer 0.17M, pH 9.9



39

5. The resultant fluorescence of 4-methylumbellife-
rone vas measured emission at 448 nm with the excitation at 360 nm

6. The relative fluorescence was obtained from
difference between the sample and blank tubes. Read the activity
of p-N-acetylhexosaminidase and HEXB from calibration curve of
4-methylumbelliferone. The activity are expressed in units per
minute gnlole of substrate hydrolyzed per litre per minute)

-7. Calibration curve for determiaation pf g-N-acelyl-
hexosaninidase was prepared by blotting fluworescence intensity with
serial dilution of 4-lgthy1unbelliferone standard solution. This
dilution comprised of the final concentration‘of (31.2,82.5,125,250,
500 uM) by diluting 4-methylumbelliferone stock solution with glycine
. carbonate buffer and vere ana}yzed as described un#er assay procedure

(step 3-5) by using standard instead diluted serum. Because the
serum vas diluted ten fold. The concentration of working stahdard
solution in unit per w»in are 5.2, 10.4, 20.8, 41.8, 83.2 U/min

respectively.

Calculation
Concentration of HEX in U/min

HEX (U/min) = HEX(uM)x10
60

10= Dilution factor

60= Incubation time

Concentration of HEXA in U/ain
HEXA = TOTAL HEX - HEXB

Percent HEXB

HEXB (percent) = - HEXBx100
) Total HEX
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2.3.2 Determination of total bile acid by spectro-

f luorophot.ometry

Principle : The specﬁrofluoronetric determi- -
nation for bile acid was lodified from the original method of Mashige
et al(99). Bile acid are converted to 3-oxo bile acids by 3«-Hsb
with -the concomitant reduction of NAD to NADH, and then the hydrogen
of the generated NADH is transfered by diaphorase to resazurin.to |
yield the fluorophore, resorufine. Finally,lthe fluorescence of
resorufine is read and this is proportional to the concentration of
total bile acid (Figure 6). Because,there are many enzymes in serum
affectingly NAD-linked oxidoreduction that generate NADH to make
thevreaction prdceed. Then, all enzymes were inactivated by incuba-

tion in water bath at 87°c for 30 min.
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04 g
3-XETO BILE ACID

. M' )
3 «-HYDROXY BILE ACID

Figure 8 The principle of fluorimetric determination

of serum bile acids
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Procedure :

i. Pipet 100 m1 each of serum into two tightly stoppered
plastic tubes (one for sample tube and the other for blank tube).
| 2. Add 2.5 ml of Tris-HC1 buffer pH 9.0 and incubated at
67°¢ for 30 n?n.v

3. Add 100 ul1 freshly preparation of cold 3«-HSD working
solution to sample tube and 100 ul cold of distilled vater in
blank tube.

4. Immediately add 100 mul freshly preparation of cold p-NAD
solution, cold diaphorase solution and resazurin solution. Mix and
incubate at 20 -25 “¢ for 1 hour.

5. The resultant fluorescence of resofufin was measured
emission at 579.2 nm with the excitation at 571.2 nm.

6. The relative fluorescence was obtained fro- difference
between the two tubes and read the concentration of total bile acid
from calibration curve. The units are expressed as umole per litre.

7. Calibration éurve for total bile acid was prepared by
plotting fluorescence intensity with dilution of cholic acid standard
solution. fhe dilution comprised of the final concentratiog 3.125,
6.25, 12.5, 25, 35, 50 uM and were analyzed as described under assay

procedure.

2.3.3 Determination of bilirubin in serum
Princigle : Bilirubin reacts with diazotized
Acid to give a color that is red-violet in acid solution and in
alkaline solution. It has been known for many years that not all of
the bilirubin present in an aqueous solution. To obtain a complete
reaction, the addition of a fairly high concentration of aléohol

(ethyl or methyl) or some other solubilizing agent is necessary.
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Bilirubiﬁ exists in the serum in two form- a unconjugated form and a
conjugated form. The conjugated fofn that is more soluble in water
and reacts relatively rapidly in aqueous solution. The unconjugated
form is much less soluble in water and does not react in simple
aqueous solution. The addition of methyl alcohol to a concentration
of 40 - 50 % will dissolve the bilirubin sufficiently to react with
diazo reagent. This is the basis for the commonly used Molloy - Evelyn

method (100;.

2.4. PRECISION :

The‘ihtra and inter assay of ﬁexosaninidase activity and
total bile acid was determined in three concentration -3 high, medium,
low. The intra assay based on five replicate measurements dufing one
‘day. And , the inter assay was detérlined from daily using as

control material in assayed.

| 2.5 RECOVERY :
Recovery of added two and three difference standards concen-
tration bf 4-methylunbelliferone and cholic acid, sodium salt were
assayed after addition of the standard in order to calculate the

percentages recovery.

2.8 STATISTICS :

Student’s t-test and Pearson correlation were used in

statistically analysié of this study.
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CHAPTER III
RESULT

1. METHODS.

1.1.1. Determination of optimum excitation and emission

wavelength

The scaning excitation and emission wavelength'by
Shimadzu spectrofluorophotometer of hexosaminidase determination were
shown in Figure 7, 8 and 9. The raximum excitation ahd emission wave-
length for 4-methyllumbelliferone were 360.0 ne and 448.0 na. Then,
the optimum parameters and linearity of calibration curve wére
depicted in Figure 10. Corresponding to the total bile acid determi-
nation were shown in Figure 11, 12 and 13. The nagilun excitation
. and emission waveléngth for résorufin‘were 517.2 nm and 579.2 nm.
Parameters and linearity of calibrition curve were depicted in

Figure 14.



320. 01

370.0]

360.01

350.Q

’4°'°Zoo.o

EXCITATION

380.0

400.0 600.0 - b0o.0 1000.0

446.4

EMISS10N

700. 0

Figure 7 The Scaning emission wavelength of 4-methylumbelli-

ferone from 200-700 nm when excitation wavelength
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set at 340, 350, 360, 370, 380 nm. The approximation -

of emission wavelength is 448.4 nm

Parameter set:

Band width 1.5 for excitation and emission
4-Methylumbelliferone concentration 500)nlolellitre

ordinary X 1



© 1900.0

800. 01

600. 01

400. 01

2Q0. 01

7200.9 750

_EXCITATION

600.0

Figure 8

400.0 600. 0 200.0 7000.0
360.0

EMISSiON
446, 4

The scaning excitation wavelength of 4-methylumbelli-
ferone from 200-600 nm when emission wavelength set
at 448.4 nm. The maximum excitation wavelength is

360.0 nm

- parameter set:

Band width 3.0 for excitation and 1.5 for emission
4-Methylumbelliferone concentration 500/ulolellitere

ordinary X 1
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1000.0

800. O

600. 0

400. 01

200.0 © 400.0 - - 600.0 boo. o 1000.0

448.0

EXCITATION EMISSiQN

360.0 700.0

Figure 9 The scaning emission wivelength of 4-methylumbelli-
ferone from 200-700 nm vhen excitation wavelength set
.at 360 nm. The maximum emission wavelength is
448 nng

Parameter set:

Band width 3.0 for excitation and 1.5 for emission
4-Methylumbelliferone concentration 500 mmole/litre

Ordinary X 1
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Figure 10

CALIBRATIOﬁ CURVE . PARANETERS

Ex «(nm) Em {(nm)
FIXED: 360.0 448.0
FACTORS:
BAND WIDTH: EX = 1.5 EM = 1.5
{-AXIS: LINEAR Y—AXIS:YLINEAR

CALIBRATION CURVE

, 3001
>
[
g 240)
w
-
z
¢ 160
w
2
¥
3
w 420
- 80
'] 9 ) H 1 1
o 20 40 60 80 100
CONCENTRATION { UNIT/MINUTE )
The parameter and calibration curve for

_determination hexosaminidase
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390.0

570.0 A

560.0[

559.0

40.0%6.0 400.0 €00.0 800.0 1000.0
580.8

EXCITATION EMISSION

580.0 700,0 -

Figure 11 The scaning emission wavelength of sodium cholate

from 200-700 nm wher excitation wavelength set at
540, 550, 560, 570 and 580 nm. The approximation
of emission wavelength is 580.8 nm.

Parameter set:

Band width 1.5 for excitation and 3.0 for emission

Sodiun cholaﬁg concentration 50.0 pmole/litre.

Ordinary X 1
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{000.0
3¢0. 01
600. 01
400. 0
2C0. 01
-
-z_°°:° 200.0 400.0 80C. 0 Boo. 0 10¢0.0
571.2
EXCETATION EMISSiON
700,0 580.8
Figure 12 The scaning excitation vavelength of sodium cholate

from 400-700 nm vhen emission wavelength set at
580.8 na. The maximum excitation wavelength is
571.2 na.

Parameter set:

Band width 5.0 for excitation and emission.
Sodium choiate concentration so.ojulnlellitre.

Ordihary X1
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eXCITATION cMiIsSion

S71.2 700.0
Figure 13 The scining enission wavelength of sodium cholate

from 400-700 nm vhen excitation wavelength set at
571.2 nn. The maximum emisgsion wavelength is
579.2 nnm.

Parameter set:

Band width 5.0 for excitation and emission
Sodium cholate concentration 50.0 mmole/litre

Ordinary X 1



CALIBRATION CURVE PARAMETERS

Ex {(nm) Ez (nm}
FIXED: 571.2 579.2
FACTORS:
BAND WIDTH: EX = 1.5 EM = 3.0
Y¥-AXIS: LINEAR '¥Y-AXIS: LINEAR
CALIBRATION CURVE
50 [ ]
2
&
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0F
o em——b % = - o

CONCENTRATION { MOLE/LITRE )

Figure 14 The parameter and caiibration curve for deter-

mination total bile acid
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1.2, Inéubation time determination in inactivation of HEX

1s0zZyme.

To confirm héat inactivation method by O0’Brien and
Okada, two normal and three patient subjects were seperated in five
parts, and determined HEX activity by varying incubation time 0, 1,
2, 3 and 4 hours respectively. Heat in activation curves for serum
hexosaminidase at 50°c were constructed (Figure 15), the resulting
curves were siemilar to the originel heat inactiivation of HEXA (30).

The three hours of incubation time was sufficiency in the experiment.



g

(%) HEX ACTIVITY

14,
1

sd

Figure 15 .

i 3 v : : 4
TIME (HOURS)

Heat-inactivation curve of serum HEX at 50 % in

three 'patient subjects (¢) and two normal

subjects. (A )
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1.3. Precision and Recovery deherlination.

Tokevaluate the precision of the method, within-run
and between-run were determined. The five and six of high, middle
and low control serum for hexosaminidase and total bile acid respec-
tively weré investigated. The values of mean, standard deviation and '
coefficient (% CV) were calculated and délonstrated in Table 5 and 8.

The percent recovery of hgxosalinidase and bile acid
were determined by adding different concentration of 4-petkylumbel-
liferone and sodiunm ghlorate. The good agreement between the
resulting for the amounts added and values found that depicted in

Table. 7 and 8.



Table 5 The within-run precision of hexosaminidase and total bile

acid in human serum

Intra Total HEX(U/min) HEXB (U/min) Total

assay| H M L H M L bile acid
(umole/l

N 5 5 5 5 5 5 8

X 82.2 54.6 20.4 42.9 28.2 9.2 16.4

sp | 0.1 0.5 | 0.6 | 0.8 0.4 0.3 0.6

% CV 0.2 0.9 2.9 1.3 1.5 2.7 3.8

-56
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Table 6 The between-run precision of hexqsalinidase and total bile

acid in human serunm

Total
Inter Total HEX(U/min) HEXB (U/min) . bile acid(umole/l)
assay| H M L H M L H M L
N 5 5 5 5 5 5 6 6 6
X §3.1 '43.5 16.1 33.2 22.4 7.1 37.7 16.1 3.3
SDh 1.8 2.1 1.1 1.1 1.3 0.8 2.8 1.1 0.3
*CV 2.8 4.7 6.9 3.3 5.9 8.9 7.4 7.0 9.5




- Table 7
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Percent recovery of hexosaminidase that different amounts

of 4-methylumbelliferone added to human serum

Initially hex 4—methy1uh Measure Difference Percent rec-

osaminidase ' |belliferone overy
(U/min) (U/min) (U/min) (U/min)

7.2 + 0.3 20.8 29.4 + 1.9 | 22.2 + 1.7 | 106.6 + 8.1
(n=5)

7.1 + 0.5 41.7 52.6 + 1.2 | 45.4 +0.8 | 109.1 + 2.0
(n=5)




Table 8 Percent recovery of different amounts of sodium cholate(

added to human serum

' Initially |Sodium Measure Difference |Percent reé—
total bile|cholate overy
acid added
(umole/1) |umoles/1)| (umoles1) (umole/1)
6.2 12.5 17.0 + 1.8 10.7 + 1.8 85.6 + 1.4
(n=3)
8.2 25 25.5 + 0.4 | 189.3 + 0.4 |[77.2 + 1.2
(n=3)
6.2 50 45.8 + 0.2 39.5 + 0.2 79.0 + 0.5 6
(n=3) '

59
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2. SUBJECTS:

The value (mean + S.D.) of total HEX, HEXB, HEXA »HEXAIHEXB
ratio, percent FHEXB and total bile acid in norn#l, control and
patient subjects are summarized in Table 9. In the part of norlaIV.
subject, the values of all parameters excépt total bile acid were
compared between normal serum and normal fasting serum. The results
shoved no difference in enzyme activity. Moreover, the comparison
between normal and control subjects showed the same results. On the
other hand, all parameters in patient subject (obstructivé jaundice)
showed difference from normal and control subjects. The statis-
tically significant increasing in total HEX, HEXB, HEXA and percent
HEXB when compared to normal subjecté (P ¢ 0.001) and control subjects

(P ¢ 0.05). The HEXA/HEXB ratio showed decreasing when compared to
both groups (p < 0.01). |

The two group of obstructive jaundice patients (benign and
malignant biliary obstruction), the values wefe shown in Tible 9.
Total HEX, HEXB and HEXA increased in malignant biliary obstruction,
but the statistical significant, at P < 0.05, all parameter in malig-
nant biliary obstruction‘were not statistical significant difference
fronAbenign biliary obstruction. Where as the P-values of total

HEX = 0.095, HEXB = 0.107 and HEXA = 0.13 .

Figure 18-20 illustrated the scattergram of totgl HEX, HEXB,
HEXA, HEXA/HEXB ratio and percent HEXB in five groups of hulén gerum
(normal subject, contrql subject, obstructive jaundice  patient
subjects, benign biliary obstructive patients and malignant biliary
obstructive patients). Figure 21 showed total bile acid in three grbup

(normal, control and patient subjects). The statistically comparison
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difference between group and subgroup of subject were depicted in
Table 10.

In according td tissue diagnosis (signatnre in section nnlberj
from pathologist, the values of total HEX, HEXB, HEXA, HEXA/HEXB ratio
aﬁd percent HEXB in each patient of malignant and benign biliary
obstructive patients were listed in Table 11 and 12.

The values for hexosaminidase and total bile acid were
conpared-by Pearson p:oduct lOlent'correlation test. In 95 normal
fasting subjects showed reverse relationship, but the 17 patient
fasting subjects indicated the significant, at P ¢ 0.05, in total
HEX and BEXA.. The correlation coefficient and P-value were summer-
jzed in Table 13. The correlation curve of total HEX and HEXA versus

total bile acid in patient subject were shown in Figure 22 and 23.
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Table 9 The values of, pean(X) and standard deviation(SD) of hexosaminidase in mormal, coatrol

and patient subjects.

arameter {NO.|Total HEX HEXB HEXA HEXA/HEXB | HEXB Total bile

Subject (u/min) (u/min) (n/min) ratio percent  |acid(umcle/1)
NORMAL SUBJECTS }120|18.5 + 3.5 6.3 + 1.9 12.1 + 2.0 12.1+0.6 33.7i5.6 -
SERUM 25[17.1 + 3.7 (5.9 + 2.0 [11.2+2.1 |2.1+0.8 [33.646.7 -
FASTING SERUM | 95{18.8 + 3.3 6.4 + 1.8 [12.4 +1.9 |2.0 + 0.5 |33.845.3 | 7.1+ 3.8
CONTROL SUBJECTS| 49{20.8 + 5.8 [9.0 + 3.8 [11.8 + 3.7 |1.5+ 0.7 [42.8 +11.4 8.8 + 4.3
(FASTING SERUM)
OBSTRUCTIVE JAUN
DICE PATIENT 107{38.9 ¢+ 14.8 [18.9 + 9.8 ]20.1 ¢+ 8.5 1.2 + 0.5 48.9 #9.5 -

SERUM 90/38.5 + 14.1 |19.1 4 9.7 [19.5 4 5.9 [1.2+0.5 [47.8 48.7 -
.FASIIH SERUN 17140.9 + 17.2 17.7 + 9.8 23.2 ¢ 8.4 1.4 % 0.4 42.217.2 41.5 + 29.1
BENIGN BILIARY *

OBSTRUCTION 10{31.9 + 11.5 [15.1 + 10.4 [16.8 + 7.5 |1.4 4 0.8 [44.9 + 9.7 -
MALIGNANT BILIA
RY OBSTRUCTION 25141.2 + 13.1 20.3 + 7.5 |20.8 ¢ 6.8 1.1 +0.3 |49.1+ 6.8 -
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Table 10 The P-value of comparison in groups (normal, control and patient

subjects), ahd subgroups (malignant and benigam biliary obstruction)

Comparison in group - [Total HEXB |HEXA HEXA/HEXB HEXB

HEX ratio percent

NORMAL SUBJECTS(n=120)

Vs 0.000 0.000 {0.000 - 0.000 0.000

PATIENT SUBJECTS(n=107)

CONTROL SUBRJECTS{n=49)
VS ' 0.000 0.000 |0.000 0.008 0.032

PATIENT SUBJECTS(n=107)

MALIGNANT PATIENT(n=25)
SUBJECTS VS BENIGN 0.095 0.107 }0.180 0.182 0.107 -

PATIENT SUBJECTS(n=10)

310512 ERTULEIE



Table 11 The hexosglilidase in malignant biliary obstruction patiemts.
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—
Section Diagnosis Age| Total| HEX |EEX  |MEXA/EEXB| HEXB
ausber EEX { B A ratio percent
w/min | u/min} w/min

4670-33  |Cholangiocarcinoma 38 | 42.5 | 22.9 | 19.8 0.9 53.9
8101-33 cholangipcarcin0|n‘ ' 40 | 56.3 | 27.2 | 20.0 1.1 . 48.4
1809-33 Cholangiocarcinisa 37‘ 34.0 | 17.6 | 16.4 0.9 51.8
41597-33 CholahgiocarcinOIa 49 | 42.9 | 22.1} 20.8 0.9 51.5
6728-33 cholangiocarcin;la 40 ] 33.2 ) 17.0}] 16.2 ¢ 0.9 51.2
899,941-33|Cholangiocarcinoma 38 | 28.6 { 12.3 | 14.3 1.2 48.3
6764-33 | Cholangiocarcinoma 55 | 31.0 | 18.3 | 14.7 0.9 52.8
2377-33  |Cholangiocarcinoma with

chronic cholecystitis - 54 52.1 | 24.0 | 28.1 1.2 46.0
6881-33 Cholangiocarcinosa with

chronic cholecystitis 60 | 22.4 | 10.8 | 11.6 1.1 48.2
1140-33  |Cholangiocarcinoma yiﬂh_

cholecystitis | 65 | 23.7 | 13.3 | 10.5 0.8 55.9
1693-33  |Cholangiocarcinosa vith

cholecﬁstitis 4T | 31.1 } 12.1 | 19.0 1.8 39.0
5927-33 |Cholangiocarcinoma,met |46 | 53.9 [ 25.2 | 28.8 | 1.1 | 46.8
7517-33  |Cholangiocarcinoma,met 62 | 77.8 | 44.0 | 33.8 0.8 58.6
#721-33  |Carcinoma of gall bladder |60 | 32.7 | 20.0 | 12.8 | 0.8 81.0
0321-33 Carcinosa of gall bladder 75 | 38.4 | 18.0 | 20.4 1.1 48.9
0411-33 Carcinoma of gall bladder,met 59' 48.1 | 26.4 | 21.8 0.8 55.0
1372-33 Carcinosa of gall bladder,met|48 | 28.3 | 13.6 | 14.8 1.1 47.9




Table 11 (comti.)

Section Diagnosis Age| TOTAL mr | munﬁxn HEXB
nunber HEX | B A ratio | percent
u/min | u/min | u/min

2759-33  |Carciroma ﬁf common hile énct 56 | 38.8 | 21.8 | 17.0 0.8 55.3
170133 |Carcinoma of coamon bile duct

with chronic cholecystitis {67 | 32.7 | 10.2 | 22.4 2.2 31.3
5842-33 |Carcinoma of cosmon bile duct

vith chronic cholecystitis {56 | 39.4 | 19.1 | 20.3 | 1.1 48.4
6368—33 ~ |Carcinosa of common bile duct

with chroric cholecystitis |85 | 60.8 } 22.5 | 38.1 1.7 3.2
12293-32 |Carcinema of pancresse,met |40 | 5.5 | 26.4 | 25.2 | 1.0 | s1.2
0365-33 Carcilolg of pancreatic dect |73 | 55.9 32.2 | 23.7 0.7 57.7
11951-33 Carcinonﬁ of periampullary 50 | 38.7 | 17.3 | 21.5 1.2 4.8
98844-33 |Carcinoma of ampulla of vater{45 | 37.2 | 186.3 | 20.9 1.3 43.7
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Table 12 The hexosaminidase ia hengl biliary obstractive patieats

HEXA/HEXB

Section Diagnosis Age| TOTAL| BEX |HEX HEXB
auber HEX | B | A ratio | percent
u/min u/mfn ‘4 /min

110690-32{Cyst of head of pancreas vith

chronic cholecystitis - [76 [ 15.8 | 8.1 7.7| 10 | 513
11988-32|Comnon bile duct stone with

chronic cholecystitis 57 | 32.7 | 16.2 | 16.5 ] 1.0 49.4
12676-32|Cosmon bile duct stone with |

chronic cholecystitis 6T | 11.9 ] 4.4 7.5 1.7 37.0
0690-33 |Common bile duct stome with

chronic cholecystitis 45 | 34.3 1 13.3] 21.0 | 1.8 38.7
12861-32|Cosnon bile duct stone with

chronic cholecystitis 24 | 16.2 ] 4.4 11.8] 2.8 27.4
1452-33 |Common bile duct; stone with

chronic cholecystitis 47 20.8 8.7 14.1 ] 2.1 32.3
1778-33 |Conmon bile duct stone with

chronic cholecystitis 71| 71.3 | 38.1 ] 33.2] 0.9 53.4
6769-33 {Common Sile duct st.oie vith

chronic cholecystitis 751336 | 18.1] 17.5 | 1.1 47.9
10330-33|Comnon bile duct stone with |

chronic cholecystitis | 68| 41,5} 22.9 | 18.8 § 0.8 55.2
10210-33|Common bile duct stome with

chronic cholecystitis 28 | 40.8 | 21.0 | 19.9 | 0.9 51.3
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Table 13 The correlation coefficient(r) and p-value(p) of total bile
acid and hexosaminidase in fasting serum of normal and patiemt

subjects.

Subject] NO Total HEXB HEXA HEXA/HEXB Percent HEXB

NORMAL | 95| r|-0.229 | -0.223 | -0.184 -0.150 ° -0.143

p} 0.013 0.015 0.037 0.073 0.083
PATIENT| 17| r| 0.511 0.348 0.844 0.281 -0.271

p| 0.018 0.088 0.003 0.158 0.148
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Scattergram of total HEX activity in human serum
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Figure 17 Scattergram of HEXB activity in human serum
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Figure 19 Scattergram of HEXA/HEXB ratio in human serum
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Figure 23 The correlation curve between HEXA and total bile

acid in obstructive jaﬁndice patients.



78

CHAPTER IV

DISCUSSION

The heat inactivation method was applied to determine the
HEXA and HEXB isozymes in serum because the easiest and most reprod-
uceable procedure (30,101,102). O’Brien and Okada f30) used diffe-
- rential diagnosis in serum of Tay-Sachs disease, and found that
heating serum at 50°c for one hour; 95% or more of the activity of
HEXA gnd 54 or less of the activity of HEXB were inactivated. Then,
the values obtained were +10% of the actual activity for each component.
The inéortanﬂ problems of colorimetric measurement were the detection
" 1imit, interference from colored serum’ (especially in obstructive
_ jaundice serum) and the clouded solution from . denature protien (7).
The fluorometric detection by spectrofluérophotoueter (Shimadzu
RF-5000) is applicable because it is easy to use, Bigh sensitivity

and not give rise to such problems.

The previous study, Hultberg et al (10) compared the levels
of totalkHEX activity in the circulation of norna} subjects with
liver diseases. The highest values of total HEX were found in his
cholestasis group, which included patients with malignant extrahepatic
biliary obstruction, choledocholithiasis, atresia of the biliaryA
ducts and intrahepatic cholestasis due to metastasis of breast
carcinoma (10). They suggested that clearance by the non-parepchylal
cells vas reduced because they had lost contact wi£h lﬁch of the
portal blood (10). Moreover, Scapa ét al (89) showed the serum HEX
level bouid discriminate between malignant and benign biliary obs-

truction. However, elevated HEX activity has been associated with
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various tulo:s. High concentration of HEX have been reported in
serum of patients with other palignancies were found to be higher
than in normal control (101). The other studies ﬁave shown differences

in HEX isoenzymes in patients with colonic cancer (71).

In the present study ve have measured total HEX, isozymes
(HEXA and FEXB) activity, HEXA/HEXB ratio and percent BEXB. The
results (comparison in patient and normal subjects) shoved the signi-
ficant elevation of total HEX, HEXA, HEXB, and percent HEXB but
depicted the significant decreasing of HEXA/HEXB ratio. It indicated
that only total HEX could distinguish the liver diseases (obstructive
- jaundice) from normal. On the other hand, the two groups of malignant
and benign biliary obstructive patients were conﬁgred. The values
of total HEX, HEXB, "HEXA, HEXA/HEXB ratio and.percent HEXB showed no

statistically significant different at P ¢ 0.0S.

The cause of the elevated HEX levels seen in biliary obst-
ructed patient; interference with plasma clearance is more likely
(91). Many glycoprotiens are rapidly cleared by the mamalian liver '
by process that appear to depend on specific hepatic glycoprotien -
recognition system. Ashwell and co-workers (645 have identified a
hepatic receptor ¢in hepatbcyte) that mediated the rapid clearance
of galactoseterminated glycoprotien from the plasma. A second
heﬁatic recognition system (in sinusoidal cells) that mediated the
rapid clearance of glycoprotien wiih terminal N-acetylglucosamine or
mannose residues has been described (82). Steer et al (84) experiment
in"rats'showed that HEX (particular‘ﬂEXA) is cleared from circula-

tion by sinusoidal cells (especiaily Kupffer cells). Thomas et al
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(87) suggested that elevated level of bile acids in the circulation
or in hepatocytes may produce changes in the membranes of cell (inclu-
ding Kupffer cells) by acting as detergents and disrupting lelbrine-
bound receptor function.’ Then, the increasing levels of bile acids
in the obstructive jaundice patients, therefore, may reflect to a
combination of Kupffer cells damage, diminished excretory function
and portal systemic shunting (91). The results from this study shows
predominant statisiically correlation (P ¢ 0.05) between total HEX
and HEXA versus total serum bile acid levels in the liver diégases
(obstructive jaundice) and HEXB mildly correlation (r=0.348, P=0.086).
This correlation (especially in HEXA) still supports the idea that
elevated bile acids éan effect the Kupffer cell membranes and its

. specific receptor, although other factors may also be involved.

The bossible reason why HEX levels higher in patients with
malignant obstruction than in benign obstruction diSeases is the
longer duration of the obstruction (89). It is difficult to deter-

"mine the duration of obstructi&n in the long-standing obstructed
patients since a partial obstruction may have been present for an
indeterminate 1ength éf time. Bilirubin levels proiide some indica-
tion but, in general, the pgtients with malignant obstruction has’
obstruction ofylonger staﬂding than those with common bile duct
stones. Furthermore, confirmation by experiments in rats showed
increases plasma levels of HEX following ligation of the bile duct,,
and levels varied directly with the duration of the obstruction (103).
Another teason, possibility is that the tumor itself may be respon?
sible for the elevated HEX levels. For example, HEX activities are

elevated in ovarain adenocarcinoma tissue compared to normal o#ary
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(74). Extricts of human colonic carcinoma demonstrate a higher pro-
portion of the is@zyles HEXB -than HEXA, while normal colonic mucosa
contained a higher proportion of the A form of the enzy;e (7). Lo
and Kritchevsky (104) showed that in patients with solid.tumors that
the activity of both major HEXA and B were significantly greater in
the naligngnt gfoui than in_the sera of healthy volunteers or pat-
ients with non-ia]ignant ailments (HEAB>HEXA). Corresponding to the
results that the mean + SD values of HEX activity in malignant biliary

obstruction vere higher than in benign biliary obstruction. However,

at P ¢ 0.05, they were not statistically significant increasing.
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CHAPTER IV

CONCLUSION

1. In the liver diseases (obstructive jaundice), the hexosa-
minidase activity and isozymes predominantly increased higher than

in normal and control subjects (P ¢ 0.001).

2. The differential comparison between benign and malignant
biliary obstructive patients showed that the total HEX , HEXB and
HEXA in malignant biliary obstruction were not statistically signi-

ficant higher than benign biliary obstruction at P ¢ 0.05.

3. The significant correlation between hexosaminidase with
total bile acid illustrated in total HEX (r = .511, P = 0.018) and

HEXA (r = .644, P = .003) and little correlation in HEXB.
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