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Abstract: Unsymmetrical bridged terphthaloyl p-substituted acetophenone oxime
esters 1 — 3 have been synthesized throughout an esterification reaction between
three different para-substituted acetophenone oximes and the terphthaloyl chloride in
a molar ratio of (2:1) under mild basic conditions. Spectroscopic techniques, such as
IR, HNMR and mass spectrometer, were utilized to confirm the structures of these
oxime esters. The yields of the synthesized oxime esters ranged from 70% to 89%.
Keywords: unsymmetrical, bridged, para-substituted, oximes, esters, esterification,
spectroscopic.

Introduction:
Oximes and their corresponding esters could be found in various bioactive mole-
cules. Oxime derivatives show a wide range of activities, such as antimicrobial, anti-
inflammatory, antioxidant and cytotoxic activities [1]. Additionally, they have been
involved as building blocks into the synthesis of photosensitive materials [2]. Oxime
esters have significantly been considered as useful building units for obtaining a
number of nitrogen containing compounds such as amines, amides, nitriles, aliphatic
heterocycles and aromatic heterocyclic compounds like pyrroles, pyridines, quin-
olones, etc [1,2]. Transforming the carbonyl compounds into oximes has intensively
been considered for years as an efficient method for both characterization and the
purification of carbonyl compounds. Because of the nucleophilic character of ox-
imes, they have widely been used for the preparation of several nitrogen containing
molecules such as amides, nitrones and nitriles [1]. The organic synthetic signifi-
cance of a number of functional groups is due to their ability to be converted into
oximes [3]. The importance of the oxime esters comes from their wide range of use-
ful activities such as anti-microbial, anti-inflammatory, fungicidal, antidepressant,
antiulcer, analgesic, anti-HIV in addition to their involvement in the production of
agrochemicals [1-6]. Oxime esters are interestingly useful for the photopolymeriza-
tion of polymerizable molecules containing a C=C bond [7]. Herein, a synthetic ap-
proach towards the synthesis of three unsymmetrical bridged terphthaloyl acetophe-
none oxime esters is explained.

Experimental:
Materials:
The 4-methylacetophenone oxime, 4-aminoacetophenone oxime and 4-
hydroxyacetophenone oxime were obtained by following a literature procedure [8].
Terphthaloyl chloride, anhydrous sodium sulphate, triethyl amine and chloroform.
These chemicals were P. K. Park and used without further purification.
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Instrumentation:

Melting points were measured on a Barnstead Electrothermal IA 9100. "THNMR spec-
trum was recorded on a JEOL ECA-300 II spectrometer. Residual proton signal from
the deuteriated solvent was used as reference [DMSO ('H, 2.50 ppm), whereas cou-
pling constants were measured in hertz (Hz)]. Infrared spectrum was recorded on
Jasco FT/IR-4100 Fourier transform infrared spectrometer. Mass spectrum was rec-
orded on a Micromass Autospec M spectrometer.

Synthesis of 1-(p-aminoacetophenone imino)-4-(p-methylacetophenone imino)
phenyl dicarboxylate 1:

An adapted literature procedure [8] was followed to synthesize the oxime ester 1. In a
round-bottomed flask, a solution of terphthaloyl chloride (0.203 g, I mmol) in chlo-
roform (50 cm?) was added dropwise to a solution of the 4-methylacetophenone ox-
ime (0.149 g, 1 mmol) in chloroform (20 ¢cm?®) and in the presence of triethyl amine
(0.252 g, 2.5 mmol) while stirring at 0 — 5 °C. The 4-aminoacetophenone oxime
(0.150 g, 1 mmol) solution in chloroform (10 ¢m?®) was then added dropwise. The
reaction mixture was left stirring for 1 hour at 0 — 5 °C and then the reaction was
stirred at room temperature for 2 hours. A distilled water (30 cm?) was added to the
reaction mixture and stirred for further 10 min. The organic layer was extracted,
dried over anhydrous Na,SO, and filtered. The solvent was evaporated in vacuo to
obtain the desired oxime ester 1 in a very good yield (0.323 g, 0.703 mmol, 70%) as
an off-white solid. The product was recrystallized from diethyl ether. mp 143 °C, IR
Vmax (cm™') 3662 (NH,), 1730 (2 x C=0, ester), 1600 (C=N), 1405 (C=N), 1521
(NO,). 'THNMR (DMSO0-d6, 300 MHz) & 7.96 (4H, d, J = 6.0, 4 x Ar-CH), 7.70 —
7.55 (4H, m, 4 x Ar-CH), 7.50 — 7.30 (4H, m, 4 x Ar-CH), 4.43 (2H, br s, NH>»), 2.37
(3H, s, CH3), 2.29 (3H, s, CH3), 1.64 (3H, s, CH3). Mass spec m/z (C25sH21N3Oe,
MWt 459.46) 459 (20%), 413 (19%), 368 (22%),149 (100%), 132 (17%), 118
(40%), 94 (38%).

Synthesis of 1-(p-hydroxyacetophenone imino)-4-(p-methylacetophenone imino)
phenyl dicarboxylate 2:

An adapted literature procedure [8] was followed to synthesize the oxime ester 2. In a
round-bottomed flask, a solution of terphthaloyl chloride (0.203 g, 1 mmol) in chlo-
roform (50 ¢m?) was added dropwise to a solution of the 4-methylacetophenone ox-
ime (0.149 g, 1 mmol) in chloroform (20 ¢cm?) and in the presence of triethyl amine
(0.252 g, 2.5 mmol) while stirring at 0 — 5 °C. The 4-hydroxyacetophenone oxime
(0.151 g, 1 mmol) solution in chloroform (10 ¢cm?®) was then added dropwise. The
reaction mixture was left stirring for 1 hour at 0 — 5 °C and then the reaction was
stirred at room temperature for 2 hours. A distilled water (30 ¢cm?) was added to the
reaction mixture and stirred for further 10 min. The organic layer was extracted,
dried over anhydrous Na,SO, and filtered. The solvent was evaporated in vacuo to
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obtain the desired oxime ester 2 in a good yield (0.303 g, 0.704 mmol, 71%) as an
off-white solid. The product was recrystallized from diethyl ether. mp 230 °C, IR
Vmax (em™!) 3675 (OH), 1741 (2 x C=0, ester), 1611 (C=N), 1405 (C=N).'HNMR
(DMSO-d6, 300 MHz) & 8.90 (1H, s, OH), 8.02 — 7.75 (4H, m, 4 x Ar-CH), 7.60 —
7.40 (4H, m, 4 x Ar-CH), 7.37 — 7.25 (4H, m, 4 x Ar-CH), 2.35 (3H, s, CH3), 2.30
(3H, s, CH3), 1.50 (3H, s, CH3). Mass spec m/z (C2sH22N>0s5, MWt 430.46) 430
(15%), 413 (10%), 282 (70%),148 (90%), 118 (20%), 104 (100%), 93 (25%), 91
(16%).

Synthesis of 1-(p-aminoacetophenone imino)-4-(p-hydroxyacetophenone imino)
phenyl dicarboxylate 3:

An adapted literature procedure [8] was followed to synthesize the oxime ester 3. In a
round-bottomed flask, a solution of terphthaloyl chloride (0.203 g, 1 mmol) in chlo-
roform (50 ¢cm?) was added dropwise to a solution of the 4-hydroxyacetophenone
oxime (0.151 g, 1 mmol) in chloroform (20 cm®) and in the presence of triethyl
amine (0.252 g, 2.5 mmol) while stirring at 0 — 5 °C. The 4-aminoacetophenone ox-
ime (0.150 g, 1 mmol) solution in chloroform (10 cm?) was then added dropwise.
The reaction mixture was left stirring for 1 hour at 0 — 5 °C and then the reaction was
stirred at room temperature for 2 hours. A distilled water (30 cm?) was added to the
reaction mixture and stirred for further 10 min. The organic layer was extracted,
dried over anhydrous Na,SOj4 and filtered. The solvent was evaporated in vacuo to
obtain the desired oxime ester 3 in an excellent yield (0.384 g, 0.890 mmol, 89%) as
an off-white solid. The product was recrystallized from diethyl ether. mp 156 °C, IR
Vmax (cm™) 3500 (OH), 3300 (NH»), 1731 (2 x C=0, ester), 1600 (C=N), 1400
(C=N). 'HNMR (DMSO-d6, 300 MHz) & 9.22 (1H, s, OH), 7.98 (2H, d, ] = 6.0, 2 x
Ar-CH), 7.89 (2H, d, J = 6.0, 2 x Ar-CH), 7.70 (2H, d, ] = 6.0, 2 x Ar-CH), 7.50 (2H,
d,J=6.0,2 x Ar-CH), 7.42 — 7.34 (4H, m, 4 x Ar-CH), 4.45 (2H, br s, NH»), 2.25
(3H, s,CH3), 1.53 (3H, s, CH3). Mass spec m/z (CxsH21N3Os, MWt 431.45) 431
(11%), 298 (7%, 282 (43%), 150 (26%), 149 (100%), 93 (13%).

Results and Discussion:

The 4-methylacetophenone oxime and 4-aminoacetophenone oxime or 4-
hydroxyacetophenone oxime were reacted with the terphthaloyl chloride in the ratio
of (2:1 mole/mole) under mild basic conditions at 0 °C to room temperature. The
oxime esters 1 and 2 were obtained in good yields as an off-white solids. Similar
approach was followed when 4-aminoacetophenone oxime and 4-
hydroxyacetophenone were reacted with the terphthaloyl chloride in the ratio of (2:1
mole/mole) under the same conditions, the oxime ester 3 was resulted in an excellent

yield as an off-white solid (Scheme 1).
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COCI Ester 1; X= CHgz, Y= NH, (yield 70%)
Ester 2; X= CHs, Y= OH (yield 71%)
Y Ester 3; X= NH,, Y= OH (yield 89%)

Oxime: X and Y may be CH3 or NH, or OH
Reagents & reaction conditions: (i) EtsN, CHClI3, 0 - 5 °C, 30 min, then rt, 2 hrs

Scheme 1: synthesis of the unsymmetrical bridged terphthaloyl p-substituted
acetophenone oxime esters 1 — 3
The IR data showed the presence of the imino group (C=N) in all obtained oxime
esters 1 — 3 appearing as two rather weak sharp absorption bands. The 'HNMR col-
lected data of the resulting oxime esters 1 — 3 revealed the formation of these oxime
esters as the expected chemical shifts for all protons appeared in the spectra. The
mass spectrometer provided a further prove on the formation of the oxime esters 1 —
3. The molecular ion peaks for the obtained oxime esters 1 — 3 were observed at 459,
430 and 431 m/z along with other molecular fragments that were in an agreement
with the expected theoretical fragmentation patterns.

Conclusion:
The synthetic approach of three unsymmetrical bridged terphthaloyl p-substituted
acetophenone oxime esters has been illustrated. An esterification reaction between
three p-substituted acetophenone oximes and the terphthaloyl chloride under mild
basic conditions led to the production of the targeted three oxime esters 1 — 3. The
yields of the obtained oxime esters were ranging from 70% to 89% respectively.
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Abstract:

Alkaline phosphatase (ALP) enzyme level, which is routinely measured at clinical
laboratories, increases in end-stage renal disease (ESRD) and hepatitis patients. This
study investigated the difference in ALP level among ESRD and hepatitis patients.
ALP level was measured in sera of patients suffering from ESRD, HCV and HBV
infections, as well as patients suffering from comorbidity of these diseases, then the
obtained values of ALP level were statistically compared to a control group. The
results of three-Way ANOVA revealed that the mean of ALP level increased
significantly (P-value<0.05) in all types of diseases compared to the control group,
with the highest increase in case of ESRD patients infected with Hepatitis B and C.
Also, it was found that the interaction of group-gender significantly (P-value<0.05)
altered ALP level in patients suffering from HCV or HBV infections, while the
interaction of group-age, gender-age, group-gender-age were found not to
significantly alter it. In conclusion, ESRD patients with HBV/HCV coinfection may
have a higher risk of liver-related morbidity and mortality than ESRD or HBV or
HCYV patients.

Keywords: ALP, ESRD, HCV, HCB, three-way ANOVA, comparison.

Introduction

Measuring the level of alkaline phosphatase (ALP), a metal-containing enzyme, is
one of the routine tests which are carried out at clinical laboratories to assess
functions of body organs. ALP presents in most tissues, mainly in bones and liver
[1] and it has an important role in bone mineralization by promoting the hydrolysis of
phosphates at alkaline pH [2]. Its level may increase physiologically or
pathologically. Physiological causes include pregnancy in third trimester, adolescents
and benign familial, while pathological causes include primary biliary cirrhosis,
primary sclerosing cholangitis, adult bile ductopenia, metastatic liver disease and
bone disease [3]. On the other hand, ALP level may decrease in hypothyroidism,
pernicious anaemia, zinc deficiency and congenital hypophosphatasia [1].

Chronic kidney disease (CKD) is defined as either a kidney damage lasts for over 3
months or a decline of glomerular filtration rate (GFR) to lower than 60
ml/min/1.73m? [4]. Based on GFR value, CKD is divided into five stages and at the
fifth stage, known as end-stage renal disease (ESRD), GFR decreases to lower than
15 ml/min/1.73 m? [5]. At this stage, the patient should undergo kidney
transplantation or dialysis to compensate for losing kidney functions [4]. In Libya, a
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developing North African country of approximately 6 million people, the prevalence
of dialysis patients is 624 per million population (pmp) [6] which is higher than those
reported for other Arab countries and the Mediterranean countries [7]. Moreover, it
has been reported that the number of patients on dialysis in Libya is increasing, and
that it reached 2417 in 2009, with estimations that it will rise to 7667 in 2024 [8].
Many diseases are associated with CKD including hepatitis B and C [9] which are
caused by Hepatitis B virus (HBV) and Hepatitis C virus (HBC); respectively.
Whereas Hepatitis B virus (HBV) is a partially double-stranded DNA virus and
belongs to the Hepadnaviridae family [10, 11], hepatitis C virus (HBV) is a single-
stranded RNA and belongs to Flaviviridae family [12, 13]. HCV infection could
develop into chronic active hepatitis, cirrhosis, and hepatocellular carcinoma and it is
associated with cryoglobulinemia and polyarteritis nodosa [14]. HCV is transmitted
through blood product transfusion, haemodialysis, occupational injury, injection
drugs use, organ transplantation, sexual transmission, and vertical transmission [15].
Complications of HBV infection include chronic hepatitis, cirrhosis and
hepatocellular carcinoma [10]. It is transmitted through contact with body fluids of
infected patients and the modes of transmission are perinatal, sexual and
parenteral/percutaneous transmission [16]. The prevalence of HBV infection in Libya
is 2.2%, while that of HCV infection is lower (1.3%). This makes Libya a country
with a low prevalence of HCV and HVB infections compared to North African
countries [17].

As it has been reported that ALP level in blood increases in ESRD [9] and viral
hepatitis [18] patients, the present study aimed to statistically investigate if ALP level
in serum varies between ESRD and viral hepatitis patients as well as patients
suffering from comorbidity of these diseases. This was achieved by measuring ALP
level in the serum of healthy people (control group) and patients suffering from the
above-mentioned diseases, then the obtained data were statistically analysed using
descriptive statistics and three-way ANOVA.

Material and Methods
Subjects:
This study was carried out at Al-Zawia Educational Hospital and Ghadames General

Hospital from September 2018 to March 2019. Including the control group, the
present study involved 323 subjects (males and females) aged 27-57 years. ESRD,
HBYV and HCV patients, as well as patients suffering from the comorbidity of these
diseases, were diagnosed by physicians working at the above-mentioned hospitals.
Healthy subjects were chosen taking into account that they are physically fit and do
not suffer from any disease that may alter the level of the enzyme ALP. All
participants were divided into seven groups as shown in Table 1.

Table (1) Number of participants in each group

Group Total Males Females
Control group (C Group) 60 30 30
ESRD group (E Group) 40 20 20
Hepatitis B infection group (HB group) 49 29 20
Hepatitis C infection group (HC group) 42 20 22
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ESRD with Hepatitis B and C infection group (EBC group) 55 35 20
ESRD with Hepatitis B infection group (EB group) 35 20 15
ESRD with Hepatitis C infection group (EC group) 42 27 15

Blood Samples Collection: Ten ml of blood was withdrawn from each participant after
area sterilization, and each sample was placed in a clean, sterilized plain tube made
of polystyrene. These tubes were then incubated in a water bath at 37°C for 15 min,
then centrifuged for 10 min at 3000 rpm. The serum of each sample was transferred
to 1.5 ml tubes. Then, ALP level was measured in the obtained serum.

Measurement of ALP level: ALP enzyme level was measured using kits purchased
from Biolabo SAS, Maizy, France and the analysis was performed according to the
kit instructions by using semi-automatic biochemistry analyzer Kenza Max
BioChemistry (Biolabo Diagnostics, Kenza Biochemistry TM, France). Briefly, ALP
enzyme exists in blood sample catalyses the hydrolysis of p-nitrophenyl phosphate
into p-nitrophenol and phosphate, and p-nitrophenol formation rate, which is
proportional to ALP level, is measured calorimetrically at 405 nm.

Statistical analysis: Statistical analysis was performed using SPSS 25 (SPSS Inc.,
Chicago, IL, USA) and Minitab 17 (Minitab Inc., State College, Pennsylvania, US).

RESULTS AND DISCUSSION
Descriptive statistics of Age:
This study included 6 patient groups and a control group which was comprised of
healthy subjects. The mean of age, its standard deviation (StDev), its coefficient of
variance (CV%), its minimum (min) and maximum (max) values in all groups are
shown in table 1 as well as the number of subjects (N) and male/female ratio (M/F).
StDev and CV% values of age in all groups were close to each other, in particular,
patient groups to each other.

Table (1) Descriptive statistics of age for all groups.
Group N M/F  Mean StDev min max CV%

C 60 1 42.98 8.34 26 60 19.39
E 40 1 48.35 5.531 37 57 11.44
HB 49 1.45 4841 5.337 39 59 10.78
HC 42 091 49.48 4.592 41 58 9.28
EB 35 1.33  49.37 4.095 43 58 8.29
EC 42 1.8  48.79 5.135 38 60 10.53

EBC 55 1.75  48.09 4.816 38 59 10.01

Descriptive statistics of ALP level:

Based on skewness (S) results of ALP level shown in table 2, the groups were
divided into two sets. Skewness was negative in HB, HC, E and EC groups,
suggesting that the distribution of ALP level in these groups was left-skewed, which
implied that most values in these groups were higher than their means. On the other
hand, the skewness was positive in C, EB and EBC groups, reflecting that the

313



A comparative study of alkaline phosphatase level in serum of patients with end-stage renal disease, |-%
viral hepatitis (C) and (B) =3

distribution of ALP level of these groups was right-skewed and most values in these
groups were lower than their means. Skewness results pointed out that the
distribution of ALP level in E group was the closest to symmetry as it was the closest
to zero, while that of HC group was the farthest from symmetry as it has the higher
skewness value.

The kurtosis (K) for ALP level (table 2) was positive for HB, HC, EB, EC groups
pointing out that distribution of those values was more peaked than the normal
distribution, and most values of ALP level in these groups were close to each other.
On the other hand, the kurtosis of ALP level for C, E and EBC groups was negative,
suggesting that the distribution of ALP level in these groups was more spread than
the ALP values in other groups, reflecting they were less close to each other.

Results of CV% in table 2 revealed ALP level values in C group were more variable
than in the other groups as the highest CV% (14.4%) was recorded for this group,
while ALP level values in EBC were less variable than the other groups (more
homogenous) because the lowest CV% (0.8%) was recorded for this group.

Table (2) Descriptive statistics for ALP level in all groups.

Group N  Mean  StDev Min Max S K %C.V
C 60 55.5 7.99 40.19 74.09 021 -0.71 14.4
E 40  155.1 9.93 13845 171.09 -0.07 -1.09 6.4

HB 49 1725 8.55 148.95 189.23 -0.82 0.74 5

HC 42 185 7.77 15892  192.63 -2.18 4.67 4.2

EB 35 189.6 2.13 18522  195.01 0.18 0.87 1.1

EC 42 189.7 2.04 183.18 193.17  -0.76  1.32 1.1

EBC 55 190.1 1.58 187.19 19337 036 -0.67 0.8

Comparison with control group and reference interval:

As shown in table 2, means of ALP level in all patient groups were higher than that
of C group, and the highest mean (190.1 U/L) was recorded for EBC group. Similar
studies have also revealed that serum ALP level is higher in patients with ESRD [19],
HBYV [20] and HCV [21] compared to controls. Compared to the reference interval of
ALP (20-140 U/L), ALP level in all patient groups exhibited the same pattern. All of
its values in patient groups (both genders) were higher than the upper limit of ALP
reference interval.

Figure 1 shows that means of ALP level for both genders, in each patient group, were
higher than the upper limit of ALP reference interval and the mean of ALP level in
the control group, indicating that ALP level increased in all patient groups regardless
of gender. Furthermore, figure 1 depicted that the mean of ALP level was higher in
males than in females in E, EBC, EC and HB groups, while it was higher in females
than in males in EB and HC groups, which resembles the case in the control group.
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Figure (1) ALP level means in each group (males (M) and females (F)) and the upper and
lower limit of ALP reference interval, the two horizontal dashed lines.

Three-way ANOVA:

To test the effect of group, age and gender factors on the ALP level, the parametric
three-way ANOV A was performed after converting patients’ age from scale variable
into ordinal variable [22,23], and the results are shown in table 3.

Table (3) three-way ANOV A results of the effect of each factor and their
interactions on ALP level.

P-value Partial Eta Squared
Group 0.000 0.979
Gender 0.808 0.000
Age 0.364 0.108
Group-gender 0.005 0.063
Group-age 0.274 0.041
Gender-age 0.260 0.009
Group-gender-age 0.483 0.022

In light of three-way ANOVA results, shown in table 3, it was found that the
interactions between group-gender-age, group-age, gender-age were not found to
significantly (P-value>0.05) alter ALP level, while group-gender interaction
significantly (P-value<0.05) altered ALP level. In other words, only the group-
gender interaction affected ALP level. To test the role of gender in each group, the
Dunnett test was applied and the results are shown in table 4.

Table (4) Dunnett test results for gender role.
Gender (I) Gender (J) Mean Difference (I-J) P-value

C group Female Male 1.950 0.244

E group Female Male -2.5 0.224
HB group Female Male -6.19 0.001
HC group Female Male 7.15 0.000
EB group Female Male 0.17 0.940
EC group Female Male -0.97 0.644
EBC group Female Male -0.95 0.601
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Results of Dunnett test for gender role on ALP level revealed that the mean
difference was significant (P-value<0.05) only in the case of HB and HC groups,
while it was not significant in other groups. In HB group, the mean of ALP level in
males was significantly higher than in females, whereas in HC group the mean of
ALP level in females was significantly higher than in males.

Concerning HB group, the reason for increasing ALP serum mean in males more
than in females could be due to their unhealthy lifestyles, such as smoking, which are
more common in males than in females, thus it is possible that males were more
seropositive of HBeAg that serves as an indicator of HBV infection severity and this
might have led to increasing the ALP level [24].

In case of HC group, it has been reported that vitamin D deficiency increases ALP
level [25]; this could be the reason for increasing of ALP serum mean in females than
in males in this group as vitamin D deficiency is more common among Libyan
females compared to Libyan males [26,27].

Three-Way ANOVA results (table 3) also revealed that the difference between ALP
level means was significant (P-value<0.05) in case of group factor, and not
significant (P-value>0.05) in case of gender or age factors (table 3) suggesting that
these two factors did not significantly alter the ALP level in patient groups in
contrast to group factor. The values of partial eta squared, which reflects effect size
for each factor, was 0.979 in the case of the group factor indicating that 97.9% of
ALP level change due to group type. Thus, all patient groups affected means of ALP
level.

As age and gender were not found to independently affect ALP level mean, then it
was statistically safe to proceed into analysing the mean difference regarding group
type and to calculate the post hoc. This was done by performing Dunnett test [28]
which its results are shown in table 5.

Table (5) results of Dunnett test for group role.
Group (I)  Group (J) Mean Difference (I-J) P-Value

E group C group 99.58433 0.000
HB group C group 117.00989 0.000
HC group C group 129.49302 0.000
EB group C group 134.09226 0.000
EC group C group 134.21160 0.000

EBC group C group 134.59247 0.000

Results of Dunnett test for group role revealed that the difference between ALP level
means was significant (P-value<0.05) in all groups suggesting that each disease
increased ALP level, with the highest increase in EBC group and the lowest increase
in E group. And, according to the results of Dunnett test, the order of mean
difference of ALP level between patient groups and control group was: EBC > EC >
EB > HC > HB > E. This points out that comorbidity led to increasing ALP level, in
particular in ESRD/HBV/HCV comorbidity. Patient groups with comorbidity in this
study are expected to be at high threat for developing hepatocellular carcinoma [29].
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CONCLUSION

ESRD patients with HBV/HCV coinfection may have an increased risk of liver-
related morbidity and mortality than ESRD or HBV or HCV patients. Depending on
our results, clinicians could use ALP as a risk estimation for ESRD patients with
comorbidity of HB and HCV to recognize patients who are at the highest risk of
mortality rate. Similar studies should be conducted in which other biochemicals are
involved, such as alanine aminotransferase (ALT) enzyme and aspartate
aminotransferase (AST) enzyme.
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