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Background: Addition of sodium nitroprusside (NaNTP), a nitric oxide (NO) donor, to peritoneal solution
could enlarge the effective peritoneal surface area and the peritoneal pore size. This would be leading to
increased clearance of all solutes. Generalized clinical usage of NaNTP in CAPD patients however is not
practical because it has a very short half-life and needs a specific route of administration. Organic nitrate,
another NO donor, has a longer half-life and could be more easily absorbed via many routes.

Objective: The present study was conducted to determine the effect and mechanism of oral active nitrate
(isosorbide 5-mononitrate: ISMN) on solute and fluid transports in stable CAPD patients.

Material and Method: A prospective randomized placebo control with a crossover study was performed in
nine stable CAPD patients. In group 1 (n = 4), the treatment included 1) oral ISMN at the dose of 20 mg bid
for 5 days 2) wash out period for 7 days, and 3) placebo for 5 days. In group 2 (n = 5), the treatment regimens
were placebo, wash out, and ISMN periods.

Results: The MTACs of low molecular weight (LMW) solutes in the ISMN period were greater than the placebo
period: median urea, 16.7 vs 13.8 ml/min; creatinine (Cr), 7.9 vs 6.9 ml/min; and urate, 6.1 vs 5.5 ml/min (p <
0.05 for all except MTAC of urea). Administration of ISMN could also enhance the clearances of high molecu-
lar weight (HMW) solute with a magnitude of increase as follows: 10% for f3,-microglobulin, 50% for albumin,
and 15% for immunoglobulin G (p < 0.05 for all). However, the values of restrictive coefficient of LMW as well
as HMW solutes of both groups were not different, indicating that the increased solute transports are not due
to alteration in the peritoneal membrane permeability. Despite the increased peritoneal solute clearance, net
ultra filtration (UF) was unchanged after drug administration, 110 (ISMN group) vs 120 ml (placebo group),
(NS).

Conclusion: ISMN has a similar effect as NaNTP in enhancing peritoneal clearances of both LMW and HMW
solutes. The effect of ISMN, however, is mediated only via expansion of peritoneal surface area without
significant change in pore size. As such, administration of oral ISMN to stable CAPD patients would be
practically beneficial in enhancing the achievement of target solute clearances suggested by NKF- DOQI
Guidelines.
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The results from the CANUSA study®, one
of the most prestigious prospective multicenter cohort
studies, have demonstrated the correlation between
small solute clearances and the mortality rate of CAPD
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patients. Thus, every 0.1 decrement in total weekly Kt/
V ureaand 10 L decrement in total weekly normalized
creatinine clearance (nCrc) are associated with 5% and
7%, respectively, decreases in patient survival. These
data have supported the view that the more dialysis
doses, the better outcome. Based on this evidence-
based clinical outcome, NKF-DOQI® has recently
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recommended that the minimum delivered dose target
of Kt/V urea should be 2.0 per week while the minimum
weekly total Crc should be 60 L/1.73 m?. It seems, how-
ever, hard to achieve these targets in CAPD patients
who have a trivial amount or no residual renal function
and currently receive standard treatment doses, four
2-litres exchanges.

Theoretically, the amount of a solute that could
traverse the peritoneal membrane during peritoneal
dialysis would depend on the effective vascular surface
area as well as the intrinsic permeability of the perito-
neal membrane to that solute®. Vasoactive substances
could influence both membrane parameters®19. Intra-
peritoneal administration of sodium nitroprusside
(NaNTP)@*19 3 direct nitric oxide (NO) donor, has been
shown to markedly increase peritoneal clearances of
both low and high molecular weight (LMW and HMW,
respectively) solutes, in animals as well as in intermit-
tent peritoneal dialysis and CAPD patients.

Despite such salutary effects of NaNTP®9,
there are several limitations for clinical use in general
practice. First, the only administration route of the
drug is intraperitoneally. Second, the drug has a very
short half-life (2-3 seconds). Lastly, the drug could
cause serious side effects including cyanide and thio-
cyanate intoxications and severe systemic hypoten-
sion, particularly in anuric patients. In contra-distinc-
tion, organic nitrate, another NO donor®®2b, could
be easily absorbed via many routes, has a longer half-
life, and has fewer systemic side effects than NaNTP.
Thus, oral organic nitrates might be used as a clinically
beneficial enhancer of solute transports in CAPD
patients.

The present study was performed to investi-
gate a possible role of oral IsoSorbide 5-MonoNitrates
(ISMN) in the regulation of the peritoneal solute and
fluid transports in stable CAPD patients.

Material and Method
Patients

The effects of oral route ISMN on peritoneal
solutes and fluid transports were conducted in 9 stable
CAPD patients (female = 4 and male = 5), who were
treated at King Chulalongkorn Memorial Hospital,
Bangkok Thailand between January 1%, 2000 and
December 31, 2000. The present study was approved
by the Ethical Committee, Faculty of Medicine, Chula-
longkorn University, Bangkok Thailand. Informed
consent was obtained from all patients. The studied
patients had a median age of 58 years (ranged 24-75
years) and were treated with CAPD for a duration rang-
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ing from 3 to 56 months (median 11 months). The under-
lying diseases of end stage renal disease included dia-
betic nephropathy®, hypertensive nephrosclerosis®,
and unknown®, The characteristics of the transporter
in each patient were assessed by a standard peritoneal
equilibrium test prior to the present study: low aver-
age = 5, high average = 3, and high = 1. All patients
were free of peritonitis at the time of the present study
as well as in the four preceding weeks. The exclusion
criteria were active systemic inflammatory diseases,
unstable vital signs, contrain-dications of nitrates
therapy®*2) (hypertrophic cardiomyopathy, diastolic
heart failure, constrictive pericarditis and restrictive
cardiomyopathy), allergy to nitrates, and ongoing
nitrates.

Method

To circumvent interpatient variation, the study
protocol included two-drug administration, placebo
and ISMN, in a crossover fashion on separate periods
(Fig. 1). Thus, the patients were randomized into 2
groups. Transports of LMW as well as HMW solutes
were determined by peritoneal function test, performed
as previously described by Krediet RT, et al@. In brief,
the peritoneal cavity was rinsed with two liters of 1.5 %
dialysis solution before installation of the test solution
into the abdomen. This rinsed solution was completely
drained over 20 min. in the sitting position, inverting
the bag three times for mixing the drainage dialysate,
and, then, dialysate sample was collected. A blood
sample was obtained at the end of drainage. Two liters
of 1.5% dialysis solution was infused in portions of
400 mL per 2 min over a total of 10 min. The patient was
in the supine position during infusion and rolled from
side to side after infusing each 400 mL for better mixing
of the residual peritoneal volume and the new infused
solution. At the completion of infusion (0-dwell time),
exactly 10 min after the start of infusion, 200 mL of
solution was drained into the bag, mixed by inverting
the bag three times, 10 mL sample of dialysate was
taken and the remaining 190 mL was reinfused. The
patient was ambulatory during the dwell period. After a
4-hour dwell time, the dialysis was drained over 20 min
while the patient was in the sitting position, the total
volume was measured and a sample was taken. The
total time of the exchange was 270 min. A blood sample
was obtained at the end of drainage. A sample of dia-
lysis was taken from the post test rinsed bag to be
infused, and two liters of fresh solution were infused
over 10 min with the same technique as for the test
solution exchange; immediately drained over 20 min in
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Fig. 1 Summary of protocol study

the sitting position. Pulse rate, body weight, and blood
pressure while sitting and lying were measured before
inflow of the first rinsed bag and during outflow of the
last rinsed bag.

UF was assessed by direct measurement of
the difference between the drained and infused dia-
lysate volume.

Measurements

Theoretically, the main solute transport me-
chanism across peritoneal membrane depends on dif-
fusion, which occurs bi-directionally via both small and
large pores®24%), The products of the Mass Transfer
Area Coefficient (MTAC) and the concentration gra-
dient determine the rate of diffusion. In a situation where
equilibrium is not present between plasma and dialy-
sate concentration as occur in a case of HMW solutes
transport, the authors can approximate MTAC by using
clearance. In general, the MTACs as well as clearance
of solutes depend on both effective peritoneal vas-
cular surface area and intrinsic permeability of the
peritoneum. The latter is inversely proportionate with
Restriction Coefficient (RC).

The LMW solutes examined in the present
study included urea, Cr, and urate while the large solutes
comprised 3,-microglobulin, albumin, and immunoglo-
bulin G (IgG). The MTAC of urea, Cr, and urate were
calculated according to the model of Garred et al®“?29),
Peritoneal clearances of 3,-microglobulin, albumin, and
1gG were determined using the equation.
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Clearance (mL/min) =(C_,- C, ) x V jt

B

C,, = the dialysate concentration at t hour
dwelled, C_ = the dialysate concentration at complete
infused of test solution, C, = the plasma concentra-
tion, V= the dialysate volume, and t = the dwell time.

To calculate the RC of the LMW solutes, the
MTACs of urea, Cr, urate, and ,-microglobulin were
used. The clearances of ,-microglobulin, albumin,
and 1gG were used to calculate the RC of peritoneal
membrane to these macromolecules. RC is calculated
by the slope of power relationship of peritoneal MTACs
(LMW solutes) or clearances (HMW solutes), and their
free Diffusion coefficient in water (D, ,) when plotted
on double logarithmic scale, according to the equa-
tion: MTAC or Clearance = constantx D,

Net UF was calculated by subtracting drained
volume with infused volume. Urea, Cr, and glucose in
both plasma and dialysate were immediately measured
with enzymatic method, while urate was measured by
alkaline phosphotungstate reaction, and albumin by
Bromcresol green dry binding method. Serum and
dialysate samples of ,-microglobulin and IgG were
frozen at -70°C until assays were examined, usually
within one month. When the samples were ready to
test, the samples were thawed at 20-25°C by Waltex
machine for 30 min. and mixed vigorously before the
assays were performed. 3,-microglobulin was deter-
mined on COBAS COREII system using a Microparticle
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Enzymatic Immunoassay. 1gG was measured with
Behring Nephrelometer-100 Analyzer.

Statistical analysis

One-sample Kolmogorov-Smirnov test was
used to test data distribution. Gausian distribution
results were reported as mean and standard deviation,
while non-Gausian distribution results were expressed
as median and range. Crossover analysis of variances
was employed for testing hypothesis. Either pair T-test
or Wilcoxon matched pairs rank sum test was used to
compare the difference in side effects of ISMN and
placebo depending on data distribution, with p < 0.05
as the significant level.

Results
Transports of LMW solutes

Following 5 days of treatment with oral ISMN,
the MTACs of Cr and urate were significantly increased
(p <0.05) (Tablel). There was a trend for the MTAC of
urea to increase although the statistical significance was
not attained. Of interest, the median MTAC increases
of Cr was 14%, of urate was 11%, and of urea was 21%.

The increase in Urea was much higher than the former
two. The glucose absorption during oral ISMN period
was not significantly increased (Table 1).

Transport of HMW solutes

After ISMN therapy, there were also signifi-
cant increases in the clearances of the HMW solutes.
The B,-microglobulin increased by 10%, albumin by
49% and 1gG by 15% (Table 2). The 4-hour albumin loss
was 1.1 gram during the ISMN period compared with
0.8 gram in the placebo period.

The values of RC of LMW as well a.0s HMW
solutes were not significantly changed after treating
with ISMN (Table 3).

Fluid transport

As shown in Table 4, there were no signifi-
cant differences of median and range values of net UF
between the two periods.

Side effects
Following ISMN treatment, two of nine patients
developed minor side effects consisting of mild degree

Table 1. Mass transfer area coefficient (MTAC) of the low molecular weight solutes and the percentage of glucose absorp-

tion in the oral ISMN and placebo groups

ISMN Placebo Percent change of p-value
(N=9) (N=9) transport rate
MTAC (ml/min)
Urea 16.7 (12.3-29.3) 13.8 (11.2-20.7) +21 NS
Creatinine 7.9 (5.6-15.1) 6.9 (5.7-12.5) +14 <0.05
Urate 6.1 (4.5-11.1) 5.5(3.8-8.6) +11 <0.05
Glucose absorption (%) 52 (43-61) 49 (42-61) +6 NS

The data were expressed as median (range)
Abbreviation: NS = Non significant (p > 0.05)

Table 2. Clearance of high molecular weight solutes and 4-hour albumin loss in the oral ISMN and placebo groups

ISMN Placebo Percent change p-value
(N=9) (N=9) of clearance
Clearance (ul/min)
B, microglobulin 790 (676-1327) 721 (437-1116) 10 <0.01
Albumin 125.7 (66.2-352.9) 84.3 (31.2-312.5) 49 <0.05
19G 36.0 (23.8-96.7) 31.2 (15.9-69.9) 15 <0.01
Albumin loss (gm/4 hr) 1.1 (0.5-2.5) 0.8 (0.2-2.0) 38 <0.05

The data were expressed as median (range)

S132

J Med Assoc Thai Vol. 89 Suppl. 2 2006



Table 3. Low and high molecular weight (LMW and HMW, respectively) solute’s restrictive coefficient in the oral ISMN

and placebo groups

ISMN (N =9) Placebo (N =9) p-value
Restrictive coefficient
LMW solutes 1.3 (1.2-1.4) 1.3 (1.1-1.4) NS
HMW solutes 2.5(2.3-2.9) 2.6 (2.2-3.1) NS
The data were expressed as median (range)
Abbreviation: NS = Non significant (p > 0.05)
Table 4. Net ultrafiltration during 4-hour dwelling in the oral ISMN and placebo groups
ISMN (N = 9) Placebo (N =9) p-value
Net ultrafiltration (mL) 120 (100-240) 110 (80-200) NS
The data were expressed as median (range)
Abbreviation: NS = Non significant (p > 0.05)
Table 5. Mean arterial blood pressure (MABP) and pulse rate in the oral ISMN and placebo groups
ISMN (N = 9) Placebo (N =9) p-value
mMABP * (mmHg) 101 +18.2 106 + 21 NS
Pulse rate ** (BPM) 74 (56-100) 76 (70-96) NS

* Mean + (standard deviation)
** Median (range)

Abbreviations:NS = Non significant (p > 0.05), BPM = Beat per minute

of nausea, vomiting and sweating. Both patients, how-
ever, could continue the drug without additive symp-
toms until the present study was finished. Neither pulse
rate nor blood pressure while sitting and lying were
altered after the patients completely received ISMN
(Tableb).

Discussion

The results in the present study, performed in
stable CAPD patients, have shown that following treat-
ment with oral ISMN for 5 days: 1) the MTAC’s of LMW
solute including Cr and urate are increased and there is
a trend of increased urea MTAC, 2) the clearances of
the HMW solute comprising f3,-microglobulin, albumin,
and IgG are enhanced, 3) the RC values of LMW and
HMW solutes remained unchanged, 4) glucose absorp-
tion and net UF are unaltered, 5) there are acceptable
minor side effects after drug treatment.

The increases in both LMW and HMW solutes
transports observed in the present work would be of
significance in clinical practice. Regarding to LMW
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solutes, for example, there was a 14 percent or approxi-
mately 1 ml/min increase in peritoneal Crc (Tablel). One
could extrapolate that the continuous use oral ISMN
for one week would add 10 liters per week (1 x 60 x 24 x 7)
to the baseline peritoneum Crc. This might convert the
patient from being in the range of inadequate dialysis
to the state of having adequate dialysis dose.
Regarding HMW solutes, prolonged expo-
sure of high plasma level of 3 -microglobulin is related
to a well-recognized complication of long-term dialy-
sis, particularly dialysis-related amyloidosis. In several
studies®#), it was found that increasing B,-micro-
globulin removals via many modalities of hemodialysis
is able to prevent or delay onset of dialysis-related
amyloidosis. However, the correlation between amount
of amyloid deposition and plasma {,-microglobulin
concentration are not strong®®. Moreover, recent im-
munohistochemical and chemical analyses have indi-
cated that 3,-microglobulin amyloid deposits are modi-
fied by advanced glycation end products, implying that
the modified {,-microglobulin might have an active
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pathogenic role in dialysis related-amyloidosis®+%®), It
can be expected that the usage of oral ISMN, which
enhances 10% increment of peritoneal clearance of 3,-
microglobulin, might have a beneficial effect in dialy-
sis-related amyloidosis at least in aspect of reduction
of precursor of modified 3,-microglobulin.

One might concern the clinical impact of
the 49 percent increase in peritoneal albumin clearance
following ISMN therapy. In this regard, the median
value of the actually increased amount of the perito-
neal albumin loss was 0.3 gram, 1.1-0.8 = 0.3, per four
hours exchange (Table 2). This would cause increased
peritoneal albumin loss from 4.8-6.6 grams per 24 hours.
Such values, however, are less likely to affect the serum
albumin levels. Indeed, a recent work has demonstrated
that albumin synthesis in CAPD patients is enhanced
despite increased albumin loss®®. Moreover, several
studies have shown that the main determinants of
serum albumin concentration in CAPD patients are
age and the presence of systemic disease including
diabetes mellitus. Peritoneal albumin loss is a minor
contributing factort“o4b,

Another concern with the increase peritoneal
LMW solute transport following oral ISMN is the pos-
sibility of the worsening in net UF. Of interest, there is
no significant change in the net UF. Such effect of
ISMN is similar to that of low dose sodium nitroprus-
side (NaNTP) administered intraperitoneally in an animal
study described by Wang T®®, Indeed, the net UF is
mainly dependent on net glucose absorption from peri-
toneal cavity to blood circulation, which is unaltered
after 4-hour dwelling (Table 1). Indeed, the net glucose
absorption is not as simple and/or passive as perito-
neal urea, urate, and Cr transports, but is affected mainly
by insulin and glucose concentration®?. Glucose is
taken up by cells and used as an energy source. Glu-
cose transporters, which facilitate glucose transport
into the cells, mediate intracellular glucose uptake®).
The peritoneal permeability to glucose is decreased
with the inhibition of glucose transporters®9. Of
interest, using a glucose transporter inhibitor could
reverse the increased peritoneal glucose absorption
observed after long-term use of glucose-containing
dialysis solutions“). This observation does not occur
in other LMW solutes transport.

As such, the beneficial effects of ISMN on
clearances of both LMW solutes as well as 3,-micro-
globulin would outweigh the limited unfavorable
results of ISMN on peritoneal albumin loss.

As stated earlier, solute transport across the
peritoneal membrane depends on the effective vascu-
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lar surface area and the intrinsic permeability of the
peritoneum, which is governed by RC. The unchanged
RC values of both solutes noted in the present study
would indicate that oral ISMN enhances LMW as well
as HMW solutes transports by increasing effective
vascular surface area. Such findings are expected since
the rate of transport of LMW solutes mainly depends
on the effective vascular surface area, while the rate of
transport of HMW solutes is determined on both peri-
toneal factors.

The RC represents the size selective perme-
ability of the peritoneal membrane®“?¢29: high values
mean a low permeability. The RC value equal to 1.0
means a linear relationship between MTAC and free
diffusion coefficient, and no hindrance by the size se-
lective restriction barrier. This occurs in case of LMW
solutes transport. On the contrary, HMW solutes have
RC of much greater than 1, indicating the characteristic
hindrance to diffusion process®26:2",

Regarding mechanism of action, ISMN and
NaNTP have similar active NO. In animal models®“®),
the increased effective surface area following NaNTP
treatment is likely caused by an increment in the num-
ber of newly opened capillaries. NaNTP donates NO, a
free radical gas derived from a guanidine nitrogen of
L-arginine by a five-electron oxidation reaction. NO
could activate guanylate cyclase enzyme that, in turn
causes an accumulation of intracellular cyclic guano-
sine 3', 5' Mono Phosphate (¢cGMP). Smooth muscle
cell relaxation is induced by cGMP through fluxes in
intracellular calcium, resulting in vasodilatation®®-2b,
Opening the previously not perfused capillaries would
increase the total number of pores without significant
changes in the pore property. As obviously demon-
strated in the present study, the enhancing effect of
ISMN on both LMW and HMW solute transports
without altered RC would be mediated via such mecha-
nism. Several studies, however, have further shown
that NaNTP, in addition to increase effective peritoneal
vascular surface area, could also simultaneously reduce
the RC of both solutes.

There are certain different effects on solute
transports between ISMN and NaNTP®121%) 1) NaNTP
causes greater increases in MTACs of LMW solute:
43% for Cr and 22% for urate and also significant
increase in MTAC of urea. 2) NaNTP has much greater
increases in clearance of HMW solute: 34% for £3,-
microglobulin, 70% for albumin and 77% for 1gG. 3)
NaNTP enhances solute transports with a trend to be
proportionately greater with increasing solute molecu-
lar weight.
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These discrepancies might be caused by the
disparity in the aforementioned mechanism of action
between the two drugs or by difference in the route of
administration. According to the latter factor, most
NaNTP data®'® have demonstrated the beneficial
effects of intraperitoneal route, while ISMN is adminis-
tered via the oral route. Intraperitoneal route may have
greater benefits than oral route by many reasons in-
cluding higher dose, accurately intraperitoneal drug
levels, and more direct contact with peritoneal mem-
brane.

In conclusion, the addition of oral route, ISMN
could enhance both LMW and HMW solute trans-
ports, the mechanism mediated via increased effective
peritoneal vascular surface area without significant
change in peritoneal pore size. ISMN treatment has no
effects on UF rate and net glucose absorption. Fur-
thermore, no significant side effect was found.

References

1. Adequacy of dialysis and nutrition in continuous
peritoneal dialysis: association with clinical out-
comes. Canada-USA (CANUSA) Peritoneal Dia-
lysis Study Group. J Am Soc Nephrol 1996; 7:
198-207.

2. NKF-DOQI clinical practice guidelines for perito-
neal dialysis adequacy.National Kidney Founda-
tion. Am J Kidney Dis 1997; 30: S67-136.

3. Blake P, Burkart JM, Churchill DN, Daugirdas J,
Depner T, Hamburger RJ, et al. Recommended clini-
cal practices for maximizing peritoneal dialysis
clearances. Perit Dial Int 1996; 16: 448-56.

4. Krediet RT. The physiology of peritoneal solute
transport and ultrafiltration. In: Gokal R, Khanna
R, Krediet RT, Nolph KD, editors. Textbook of
peritoneal dialysis. 2" ed. Great Britain: Kluwer
Academic Publishers; 2000: 135-72.

5. White R, Granger DN. The peritoneal microcircu-
lation in peritoneal dialysis. In: Gokal R, Khanna
R, Krediet RT, Nolph KD, editors. Textbook of
peritoneal dialysis. 2" ed. Great Britain: Kluwer
Academic Publishers; 2000; 107-34.

6. Lameire N, Van Biesen W, Hirszel P, Bogaert M.
Pharmacological alterations of peritoneal transport
rates and pharmacokinetics in peritoneal dialysis.
In: Gokal R, Khanna R, Krediet RT, Nolph KD, eds.
Textbook of peritoneal dialysis. 2" ed. Great
Britain: Kluwer Academic Publishers; 2000: 193-251.

7. Krediet RT, Douma CE, van Olden RW, Ho-dac-
Pannekeet MM, Struijk DG. Augmenting solute
clearance in peritoneal dialysis. Kidney Int 1998;

J Med Assoc Thai Vol. 89 Suppl. 2 2006

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

54:2218-25.

Kumano K, Go M, Ning H, Sakai T. Effects of
vasodilators on peritoneal solute and fluid trans-
port in rat peritoneal dialysis. Adv Perit Dial 1996;
12:27-32.

el Sherif AK, Rizkalla NH, Essawy MH, el Gohary
AM. Minoxidil selectively improves peritoneal
ultrafiltration. Perit Dial Int 1996; 16(Suppl 1): S91-4.
Stegmayr BG. Beta-blockers may cause ultrafiltra-
tion failure in peritoneal dialysis patients. Perit
Dial Int1997; 17: 541-5.

Douma CE, de Waart DR, Struijk DG, Krediet RT.
The nitric oxide donor nitroprusside intraperito-
neally affects peritoneal permeability in CAPD.
Kidney Int1997; 51: 1885-92.

Douma CE, Hiralall JK, de Waart DR, Struijk DG,
Krediet RT. Icodextrin with nitroprusside increases
ultrafiltration and peritoneal transport during long
CAPD dwells. Kidney Int 1998; 53: 1014-21.
Wang T, Cheng HH, Heimburger O, Bergstrom J,
Lindholm B. Vasodilatation by intraperitoneal
addition of nitroprusside is not a model for high
peritoneal transport. Adv Perit Dial 1999; 15: 53-9.
Payne D, Kubes P. Nitric oxide donors reduce the
rise in reperfusion-induced intestinal mucosal per-
meability. Am J Physiol 1993; 265(1 Pt 1): G189-95.
Douma CE, de Waart DR, Zemel D, Imholz AL,
Koomen GC, Struijk DG, et al. Nitrate in stable
CAPD patients and during peritonitis. Adv Perit
Dial 1995; 11: 36-40.

Salzman AL, Menconi MJ, Unno N, Ezzell RM,
Casey DM, Gonzalez PK, et al. Nitric oxide dilates
tight junctions and depletes ATP in cultured Caco-
2BBe intestinal epithelial monolayers. Am J Physiol
1995; 268: G361-G373.

Nolph KD, Ghods AJ, Brown PA, Twardowski ZJ.
Effects of intraperitoneal nitroprusside on perito-
neal clearances in man with variations of dose, fre-
quency of administration and dwell times. Nephron
1979; 24: 114-20.

Grzegorzewska AE, Antoniewicz K. Peritoneal
blood flow and peritoneal transfer parameters
during dialysis with administration of drugs. Adv
Perit Dial 1995; 11: 28-32.

Abrams J. The organic nitrates and nitroprusside.
In: Frishman WH, Sonnenblick EH, editors. Car-
diovascular pharmacotherapeutics. St. Louis:
McGraw-Hill; 1997: 253-66.

Abrams J. Nitrates. Med Clin North Am 1988; 72:
1-35.

Parker JD, Parker JO. Nitrate therapy for stable

S135



22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

angina pectoris. N Engl J Med 1998; 338: 520-31.
Twardowski ZJ, Nolph KD, Khanna R, Prowant
BF, Ryan LP, Moore HL, et al. Peritoneal equilibra-
tion test. Perit Dial Bull 1987; 7: 138-47.
Pannekeet MM, Imholz AL, Struijk DG, Koomen
GC, Langedijk MJ, Schouten N, et al. The standard
peritoneal permeability analysis: a tool for the as-
sessment of peritoneal permeability characteris-
tics in CAPD patients. Kidney Int 1995; 48: 866-75.
Rippe B, Haraldsson B. Transport of macromo-
lecules across microvascular walls: the two-pore
theory. Physiol Rev 1994; 74: 163-219.

Rippe B, Stelin G. Simulations of peritoneal solute
transport during CAPD. Application of two-pore
formalism. Kidney Int 1989; 35: 1234-44.

Rippe B, Krediet RT. Peritoneal physiology-trans-
port of solutes. In: Gokal R, Nolph KD, editors.
The textbook of peritoneal dialysis. Netherland:
Klumer Academic Publishers; 1994: 69-114.
Ho-dac-Pannekeet MM, Koopmans JG, Struijk DG,
Krediet RT. Restriction coefficients of low molecu-
lar weight solutes and macromolecules during peri-
toneal dialysis. Adv Perit Dial 1997; 13: 72-6.
Jadoul M, Garbar C, Vanholder R, Sennesael J,
Michel C, Robert A, et al. Prevalence of histologi-
cal beta2-microglobulin amyloidosis in CAPD
patients compared with hemodialysis patients.
Kidney Int 1998; 54: 956-9.

Schaeffer J, Floege J, Ehlerding G, Koch KM.
Pathogenetic and diagnostic aspects of dialysis-
related amyloidosis. Nephrol Dial Transplant 1995;
10(Suppl 3): 4-8.

Stein G, Sperschneider H, Funfstuck R, Ritz E.
Haemodialysis-associated beta 2M amyloidosis:
current controversies. Nephrol Dial Transplant
1994; 9(Suppl 3): 48-50.

Floege J, Koch KM. Beta 2-microglobulin asso-
ciated amyloidosis and therapy with high flux
hemodialysis membranes. Clin Nephrol 1994; 42
(Suppl 1): S52-6.

Lee CJ, Hsiong CH, Chang YL, Cheng CH, Lian JD.
Statistical and parametric analysis of beta-2-
microglobulin removal from uremic patients in high
flux hemodialysis. ASAIO J 1994; 40: 62-6.

David S, Bottalico D, Tagliavini D, Mandolfo S,
Scanziani R, Cambi V. Behaviour of beta2-micro-
globulin removal with different dialysis schedules.
Nephrol Dial Transplant 1998; 13(Suppl 6): 49-54.
Miyata T, Inagi R, Wada Y, Ueda Y, lida Y, Takahashi
M, et al. Glycation of human beta 2-microglobulin
in patients with hemodialysis-associated amyloi-

S136

35.

36.

3r.

38.

39.

41

42.

dosis: identification of the glycated sites. Bioche-
mistry 1994; 33: 12215-21.

Miyata T, Oda O, Inagi R, lida Y, Araki N, Yamada
N, et al. beta 2-Microglobulin modified with ad-
vanced glycation end products is a major compo-
nent of hemodialysis-associated amyloidosis. J
Clin Invest 1993; 92: 1243-52.

Niwa T, Miyazaki S, Katsuzaki T, Tatemichi N, Takei
Y, Miyazaki T, et al. Immunohistochemical detec-
tion of advanced glycation end products in dialy-
sis-related amyloidosis. Kidney Int 1995; 48: 771-8.
Niwa T, Sato M, Katsuzaki T, Tomoo T, Miyazaki
T, Tatemichi N, et al. Amyloid beta 2-microglobulin
is modified with N epsilon-(carboxymethyl)lysine
in dialysis-related amyloidosis. Kidney Int 1996;
50:1303-9.

Niwa T, Katsuzaki T, Miyazaki S, Momoi T, Akiba
T, Miyazaki T, etal. Amyloid beta 2-microglobulin
is modified with imidazolone, a novel advanced
glycation end product, in dialysis-related amyloi-
dosis. Kidney Int 1997; 51: 187-94.

Kaysen GA, Schoenfeld PY. Albumin homeostasis
in patients undergoing continuous ambulatory
peritoneal dialysis. Kidney Int 1984; 25: 107-14.
Blake PG, Flowerdew G, Blake RM, Oreopoulos DG.
Serum albumin in patients on continuous ambula-
tory peritoneal dialysis - predictors and correla-
tions with outcomes. J Am Soc Nephrol 1993; 3:
1501-7.

Struijk DG, Krediet RT, Koomen GC, Boeschoten
EW, Arisz L. The effect of serum albumin at the
start of continuous ambulatory peritoneal dialysis
treatment on patient survival. Perit Dial Int 1994;
14:121-6.

Park MS, Lee EY, Suh GI, Waniewski J, Werynski
A, Lee HB. Peritoneal transport of glucose in rat.
Perit Dial Int 1999; 19: 442-50.

Mueckler M. Facilitative glucose transporters. Eur
JBiochem 1994; 219: 713-25.

Wang T, Heimburger O, Cheng H, Waniewski J,
Bergstrom J, Lindholm B. Glucose transporter
inhibitor decreases peritoneal glucose absorption
[abstract]. JAm Soc Nephrol 1998; 9: A0992.
Park MS, Lee HB. Role of glucose transporter in
peritoneal glucose and fluid transport [abstract].
Perit Dial Int 2000; 20(Suppl 1): S13.

Nolph K, Ghods A, Brown P, Miller F, Harris P, Pyle
K, et al. Effects of nitroprusside on peritoneal
mass transfer coefficients and microvascular
physiology. Trans Am Soc Artif Intern Organs
1977;23:210-8.

J Med Assoc Thai Vol. 89 Suppl. 2 2006



nsusmsenlalarasiualululunsanieihn AuanuaInIsnraudayniizasnadliy
msuanilaguraniauasulugilelnnssasissasgananlasunissnsnaunuads
NSWaNTRINAIULLIA1IT

LORIANA NIYAULWE, ANTIE LAENEDY

st lmeieisszazganie 7 lasunsenlamaunuaagnisasaeameeniasee s luitane
Temsnasutheuasensnismege sumuasinsmengnfiasiunauiieme lunasenlaniesemed
lnenasuimssnuieutszdnsnmlunisusnidsureaduazisendeyriiireames uuneamaui
1aqiuiinmmaneslaensuauanuadiieeen nitroprusside inuuAdarEmsAnEuTuinang s
ENAINATIBON AT EYABAIREAN TN ANTULES nitric oxide AU ungN nitrates FuTuliungeg
nsAnmil SguszaseaesniasniieAnmufeuieunuatsna lunsuaniasuaatsane 7 seaday
wifareanasluy Lo lnareifessrzesganeilasunisine maununagnaven 1An19TemekLLA 12709
Z‘NWEI’)U’)@’?W’IMTIEZLJ( NOULAAINIFUFIIAAEIEN isosorbide 5-mononitrate (ISMN) 7§91/ AN
lunsiseuuimaas i anfauiiautszansnmaeadeymiiremeslunisrsnreads uasualuylos
Ym’rm??@i“o szezgameiinsunisen lanaunumsaeamesntastusaeiilasuen ISMN uasaasitiasuemasn
mmummu 9 78 ynmeazlafinaen ISMN gum 20 un. S1uau 2 afimesuituiaan 5 5u uaz svaen 2
mommu wluan 5 du LLmﬂuﬂuﬂ;ﬁNmmr‘Tu (cross over design) Woﬁﬂ’l??/?glﬁ)ﬁl’uﬁm 7 Q”uﬂ@uwov;z‘lw
e liite unlaan niuasesunwideegneuiiaslasuenlun wanisdng nasuFwsen ISMN n1atn
AN 1) @”mmn’m/@”m/mLﬁ'ﬂﬁ'ﬁﬁfmmmmmﬁnZﬁ)p@ﬂ'wﬁﬁs/ﬂ”’m?ywmﬁﬁ (p < 0.05) inlneaiaegIU
989 MTAC creatinine UAZ urate 1NALIBEIA 14 WAL 11 ANAIFY 2) @"mi’m7?%@”@%@qgﬁﬂﬁffy4ﬂnmmm?mu
Qﬂfﬁ)ﬂmﬁﬂlﬁ’lu%@ﬂ clearance 184 ﬁ m/crog/obu//n albumin uag immunoglobulin G LW&I%M@EI’NJJ%EIZO’)F)ZU
g (p < 0.05) deanalnmaiviuaeesnnisiageade mm«vmn7ﬂwywuwmwmm@mwm\m”m
TunsuaniFuasadouaziy iasandutlsz@naunisiuganeasdi eealsfantsUmsen ISMN n1athn
luiluanesnIIN1s19ALI88NA NN Y LL@;‘:’ZJ\I‘fIIN@LL?’I?I’I"HD@uﬁ‘?‘ULLN lngragtnasuFuase ISMN navtn
mmmﬁ'&/ﬂizﬁmﬁﬂ7wmmf/’@ywﬁ\7°ﬂ'@\mpﬂﬂumﬂmmﬂﬁﬂumuﬁw‘%Z;qumumm"mmz?umqmmﬁ;ery

INMIAANAUAES lun1suanilaBuaIsuaz 100 eynilaTe9ved 1199109905980 ISMN. Tusseizeng
azarusainaNieane lunasnanlanreanasluyos laaesessscuzganizalo

J Med Assoc Thai Vol. 89 Suppl. 2 2006 S137



