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Effects of Chronic Renal Failure on the Regulation of Pyruvate Kinase

Enyu Imai, Atsushi Yamauchi, Tamio Noguchi, Takehiko Tanaka, Masamitsu Fujii, Hiroshi Mikami, Yoshifumi Fukuhara,
Akio Ando, Yoshimasa Orita, and Takenobu Kamada

The effects of chronic renal failure on the enzymae activity of pyruvate kinase and the mRNA level of this snzyme were
studied in 7 out of B nephrectomized rats. The mRNA level was messured by RNA-ONA dot blot hybridization, using cloned
pyruvate kinase cONA as hybridized probe. Neither the activity of M;-type pyruvate kinase nor the level of this enzyme in
rat gastrocnemius muscle was affected by chronic renast failure, whereas L-type pyruvate kinase enzyme activity in uremic
rat liver was fower than that in control at both fasted and refed states. The levels of L.-type pyruvate kinase mRNA were not
different between two groups at the fasted state. Induction of L-type pyruvate kinase mRNA after high carbohydrate diet
refeeding was suppressed proportionsily to the severity of chronic renal failure, which was expressed by the serum
creatini ations {r = —.878, P < .005). These resuits indicate that the suppression of t-type pyruvate kinase
activity in uremia was partly reflected by the decreassed accumulstion of this enzyme mRANA, There was a significantly
negative corrslation between L-type pyruvate kinase mRNA levels and pl glucagon/insulin ratios {r = —,719, P < ,08).
Hyperglucagonamia in uremia might play a major role in this suppression. :

® 1987 by Grune & Stratton, Inc.

'

HRONIC RENAL FAILURE results in a variety of
. metabolic derangements that perturb glucose homeo-
stasis.!? The mechanisms contributing to these changes are
unclear, but seem to involve a combination of humoral and
cellular factors. These include disorders of one or more key
glycolytic enzymes. For example, an inhibition in the skelctal

" muscle glycolytic enzyme, phosphofructokinase, has been

found in uremic rats.” It is also known that some degree of
insulin resistance and hypc’rglucagonemia in uremia contrib-
ute to glucose intolerance. '

Pyruvate kinase (EC 2.7.1.40) is one of key enzymes of (_( Ed! ova "‘ Fhu ’?\
glucose metabolism. Four types of pyruvate kinase have been
isolated from rat tissues.** M,-type pyruvate kinase is a
major form of skeletal muscle, and liver has L-type as a major
form. t-type pyruvale kinase operates as a regulator of

antagonistic pathways of carbohydrate metabolism, glycoly-

sis, and gluconeogenesis. Precisely, L-type pyruvate kinase L ‘
functions at pyruvate-phosphenolepyruvate crossroads of the Aul e ; *
two pathways. In addition, there is approximalely ten times ‘o M A, (r\-vlb\.

more pyruvate kinase activity than phosphoenolpyruvate

carboxykinase activity in rat liver,’ suggesting that L-type
isozyme must be appreciably inhibited for net gluconeogene-
sis o occur. L-type pyruvate kinase is controlled by dietary
and hormonal stimuli, while that of M-type is not influenced
by these stimuli.** However, the effect of chronic renal
failure on the regulation of pyruvate kinase synthesis has not
been estimated.

In this study, we measured the activities of pyruvate
kinase and the levels of translatable mRNA of this enzyme in
skeletal muscle and liver from uremic rats. Our results
ndicate that hyperglucagonemia in uremia may inhibit the
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‘nbccumulation of L-type pyruvate kinase mRNA, resulting
partly in _the suppression of this isozyme activity.

l‘ﬁATERIALS AND METHODS

Maier!al.i )

{«-P]ACTP was purchlléd from Amersham International
(Buckingh hire, England), and ni 1} filters (BA3S) were

. from Schieicher & Schuell {Dsssel, West Germany). DNA poly-

merase | was obtained from Bethesda R h Lab ies (Rock-
ville, MD), and DNase | from Takara Shuzo (Kyoto, Jupan).
Formalin-fixed Sllphyloeoocnl sureus was obtained from Zymed

Lab fes (San Francisco), and x-ray film was from Eastman

Kodak Co (Rochester, NY) Olller chemicals were of highest purity .
ilable from

Animals

Male Sprague-Dawley rats, weighing 120 to 130 g, were nephrec-
tomized in two stage. Initially, three fourths of the left kidney was
resected, and 2 weeks later the left kidney was removed. At each
stage care was teken to leave the adrenal glands intact. Sham
operation was performed on a control group of rats. The rats were
fed standerd laboratory chow (Oriental Yeast Co., Japan) and free
access to waler, After two months, the rats were placed singly in

bolic cages, and maintained on 15 g of special chow containing
24% casein for 8 week, given twiceadsy: 10g(9to L1 AM) and Sg (6

. 1o 8 PM). Then, the rats were left on 18 hours starvation. Half were

killed immediately (fssted state), and the rest were fed with high

" carbohydrate, containing 50% glucose and 12% casein, for 24 hours

and then killed (refed state). Body weight of uremic rats was
significantly lower than that of is. Serum

tration and blood urea nitrogen (BUN) of uremic rais were zignifi-
cantly higher than those of control rats (Table 1), Plasma 11CO,
concentration of uremic rats (17.4 & 2.9 mmol/L) was significantly
lower than that of control rats (21.4 & 2.9 mmel/L) (P < .001).

Isolation of Total Cellular RNA and Dot Blot
Hybridization of RNA
Total cellular RNA was d from te and liver by the
phenol/chloroform procedure, as described clsewhere.” The M,-type
and L-type pyruvate kinase mRNAs were quantitated by dot blot
hybridization, as reported previously.” Briefly, total RNA was
denatured by heating at 60 °C for 15 minutes in a 7% solution of
formaldehyde and followed by rapid cooling. D d RNA was
potted onto a ni {lulose filter that had been prepared with 20 x
SSC (SSC = 0.15 mol/L NaC}, 15 mmol/L sodium citrate). The
filter which retained denatured RNA was baked at 80 *C for two
hours, and then prehybridized for more than four hours at 50 *C in
50% formamide, $ x SSC, 50 mmol/L sodium phosphate (pH 6.5),
0.1% Ficoll, 0.1% polyvinylpyrrolidine, 0.1% bovine serum albumin,
0.1% sodium dodecyl sulfate (SDS), and sonicated, denatured
salmon testis DNA (250 ug/mL). The hybridization was carried out
for 48 hours at 50 °C in the same solution plus **P-labeled M- or
L-type enzyme cDNA. My-type pyruvate kinase cDNA used in this
study cross-hybridizes to M\ -type isozyme mRNA under high
stringency conditions as reported. The nitrocellulose filier was then
washed twice with 0.1 x SSC containing 0.1% SDS at room
temperature, and three times at 55 °C. RNA spots were trimmed

- and counted in a liquid scintillation counter, V-Iuﬂ were oonccted

for the background by subtracting the radi
arcas of the same filter not containing bound RNA.

Northern Analysis of RNA

Electrophoresis of RNA under denatured condition was carried
out by the method of Lehrach et al.' The RNA was transferred to a

. nitrocellulose filter, The ﬁll:r was hybndized with *P-labeled
. ¢DNA and subjected to

vl'l

Nlck Translation
Cloned My or L-type pyruvate kinase cDNA (pM,PK~33‘ or

.~ pLPK-1") was purified on gel by the method of Dretzen et al and

Ed! MA——?
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nick-translated with [a-"P]dCT P (800 Cn/mmol). to & specific
activity of 0.5 to 1.5 x 10* cpm/p.

Other Assays

l.-cype pyruvate kinase activity was assayed by the 2,4-dinitrophe-
nyl ., hod in the pres of excess anti-(M,-type pyru-
vate k ) antibaby to lize the My-type isozyme activily as
described by Tanlka et al' except that | mmol/L fructose 1,6-
bisphosphate was added. One unit of enzyme is expressed as the
amount of enzyme that catalyzes the formation of 1 umol of
pyruvate/min at 37 *C. Protein was estimated by the biuret meth-
od"" with bovine serum slbumin as s dard. Plasma glucagon was
d by a doubl ibody radioi y method using
specific antibody for pancreatic glucagon, OAL-123 (Otsuka Assay
Laboratories, Tokushima, Japan). Plasma insulin was measured by
radioimmunoassay.
Values in the table and figures are given as mean £ SD. A
two-tailed ¢-test was used in the statistical evaluation of data and P
values <,05 were taken to indicate statistically significant differ-

_ences.

) RESULTS
Ejfecu‘ of Chronic Renal Failure on M-Type Pyruvate

. Kinase Activity and M -Type Pyruvate Kinase MRNA

Level in Rat Gastrocnemius Muscle

M;-type pyruvate kinase activity of gastrocnemius muscle
in rat with chronic renal failure was not difTerent from that in
control rat (Fig 1). Between fasted and refled state we could
not observe any difference in M\-type enzyme activity either.
Figure 2 shows dot blot analysis of M,-type pyruvate kinase
mRINA in gastrocnemius muscie using M,-type pyruvate
kinase cDNA as a probe. The levels of hybridizable mRNA
of M,-type pyruvate kinase in gastrocnemius muscle revealed
no difference between uremic and control rats at fasted or
refed state. RNase is considered to be increased in serum and

" tissues of rat with chronic renal failure.'™ Since dot blot

analysis could not identify degradated mRNA, we employed
Northern blot analysis to determine the size distribution of
RNA molecules containing M,-type isozyme mRNA. As
shown in Fig 3, M,-type pyruvate kinase mRNA isolated
from rat muscle with chronic renal failure was intact. Thus,
the size of M,-type pyruvate kinase mRNA in chronic renal
failure was identical in control.

Effect of Chronic Renal Failure on t-Type Pyruvate Kinase
Activity and t-Type Enzyme mRNA Level in Rat Liver

The L-type pyruvate kinase activity of liver in rat with
chronic renal failure was significantly decreased compared
with that in control, at fasted and refed state (P < .05 and
P < .08, respectively) (Fig 4). One simple explanation for
this resuit is the presence of inhibitor, which may cause an
alteration in the enzyme activity without any change in the
amount of enzyme protein. This possibility was tested by
quantitative immunoprecipitation with L-type pyruvate
kinase antibody and protein A from Staphylococcus aureus,
as reported clsewhere.! Figure S shows that liver extracts
obtained from uremic and control rats at fasted and refed
state showed the same equivalence point. Thus, the alter-
ations in L-type pyruvate kinase activity described above
reflect the changes in the amount of immunoreactive enzyme
protein. The level of L-lype pyruvate kinase mRNA was
measured by dot blot hybridization assay. It is clear from Fig
6 that the levels of L-type isozyme mRNA between control
and uremic rats were not dilferent from each other at fasted
state. When refed with high-carbohydrate diet, L-type iso-
zyme mRNA levels of control rats were increased 33-fold

(2,706 £ 519 cpm/10 ug total RNA) compared to fasted
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‘ ;late (79 = 20 cpm/ 10 pg totat RNA), while those of uremic

rats were increased 21-fold (1,871 + 667 cpm/10 ug total
RNA) compared to fasted state (83 £ 17 cpm/10 pg total
RNA). There was significant negative correlation between

_ serum creatinine concentrations and L-type isozyme mRNA

levels when refed with high carbohydrate (r -~ —.876,
P < .005) (Fig 7). These results suggest that the induction of
L-type pyruvate kinase mRNA was decreased proportional ta
the severity of chronic renal failure, Figure 8 shows Northern
analysis of L-type pyruvale kinase mRNA when refed with
high carbohydrate. L-Type pyruvate kinase mRNAs isolated
from rat liver with chronic renal failure and from contsol
were identical in size, while were different in quantity.

L-type pyruvate kinase enzyme activity is stimulated by
insulin and suppressed by gfucagon and these hormones are
considered to regulate the synthesis of L-type isozyme at the
pretransiational level.'"* Plasma insulin levels of fasted state
were 18.7 £ 4.7 uU/mL in chronic renal failure and 16.7 »
2.6 uU/mL in control. Plasma insulin level was increased to
about 60 pU/mL in both groups alter high carbohydrate diet
refeeding. There was no correlation between plasma insulin
levels and L-type isozyme mRNA fevels after high-carbohy-
drate diet refeeding (data not shown). Plasma glucagon
levels of uremic rat at fasted state (103.7 + 44.8 pg/mL) and
at refed state (94.2 + 46.3 pg/mL) were significantly higher
than those of control (35.2 + 15.5 pg/mL) and (30.4 + 11.7
pg/mL), respectively. We observed a significantly negative
correlation between plasma glucagon levels and L-type pyru-
vate kinase mRNA fcvels (n = 9,7 = —.886, P < .005). As
shown in Fig 9, pl glucagon/insulin ratios were ncga-
tively correlated with L-type isozyme mRNA levels (» =
-.719, P < .05).

DISCUSSION

Type-M, pyruvate kinase distributes in specially differen-
tiated tissues, such as skeletal muscle, heart, and brain, and
operates as a key enzyme in glycolysis to supply energy for
these tissues.** It is weil-known that the activity of type-M,
pyruvate kinase is independent of acute hormonal regulation,
such as insulin, glucagon, and cathecholamines. Morcover,
M,-type isozyme is not changed in chronic adaplation, such
as starvation, high-carbohydrate diet, or diabetes mellitus.**
However, the activity of M,-type isozyme in chronic renal
failure has not been studied yet. We demonstrate here that
the activity of M,-type pyruvate kinase or the level of this
isozyme mRNA were not changed in uremia. (Figs 1-3).
Thus, the activity and the synthesis of M,-type pyruvate
kinase remain to be intact even in the uremia.

In contrast to M,-type pyruvate kinase, L-lype isozyme
exists in liver, kidney, and intestine, which have the ability of
gluconcogenesis, and operate in the regulation of glycolysis
and glyconeogenesis.® L-Type pyruvate kinase activily is
markedly altered by acute hormonal stimuli and chronic
adaptation. For example, a high carbohydrale diet increases
the enzyme activity, while starvation decreases it." As shown
in Fig 4, the activitics of L-type pyruvate kinase in uremia
were significantly lower than those in control at both fasted
and refed state. Moreover, the activities at refed state were
higher than those at the fasted state in both control and
uremic group. These changes in enzyme activity cannot
result from phosphorylation or dephosphorylation of L-type
isozyme, since the enzyme activity was assayed in the
presence of fructose 1,6-bisphosphate.’ However, some
other modification of the enzyme could cause aiteration in
the enzyme activity without any change in the amount of

. enzyme protein. This possibility was tested by quantitative
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275  immunoprecipitation with fixed Staphylococcus aureus (Fig
276  5). The quantitative immunotitration reveals that the titra-
277  tion curves in control- and uremia were superimposable.
278 Thus, the alterations in the L-type isozyme activity described
279 . above reflect changes in the amount of immunoreactive
' 280  enzyme protein. In other words, the effect of any inhibitors,
281  such as uremic toxins, on the enzyme activity is negligible.
282 Since L-type isozyme activity is dependent on the amount
283  of enzyme, the decrease in L-lype isozyme activities could be
284 primarily explained by changes in the level of translatable
285 mRNA of this isozyme. As shown in Fig 6, we cannot find
286  any significant difference in L-type isozyme mRNA level
287  between control and uremia. However, mRNA at refed state
288  in uremia has a tendency to decrease. More preciscly, the
289  accumulation of L-type isozyme mRNA after refeeding was
290  decreased proportionally to the severity of chronic renal

291  failure expressed by serum creatinine level (Fig 7). The
292  discrepancy between L-type isozyme activity and mRNA . TRIWA ?
293 level (Fig 4 and 6) could be explained as follows. There is a Ed! F‘Jy" .

294  timelag between the induction of L-type isozyme mRNA and
295  the consequent synthesis of the enzyme protein. The maxi-
296  mal protein synthesis necds 24 to 100 hours from its mRNA
297  accumulation.’ Morcover, the life span of mRNA is only a
298 - few hours, while that of the enzyme protein is considered to
299  be 50 to 75 hours.' When the pool size of L-lype isozyme is
300  considerably large compared to the newly synthesized L-type
301 isozyme, the difference in the enzyme activities at fasted
302  state could still refiect the results at refed state. The transla-
303  tional efficiency of L-type isozyme mRNA remains to be
304 elucidated, which is essential for fusther discussion. Lastly,
305 the degradation rate of L-lype isozyme in uremia may be
306  accelerated.

307 Metabolic acidosis, which is commonly observed in ure-
308 mia, may affect L-type pyruvate kinase activity. This is
309  supported by the evidence that metabolic acidosis markedly
310 increases phosphoenolpyruvate carboxykinase activity in the
311 kidney.'” However, there has been no report concerning the
312 effect of metabolic acidosis on L-lype pyruvate kinase activi-
313 ty, which should be of considerable interest from the patho-
314 physiologic point of view.

315 Insulin may be the primary regulator of L-lype isozyme,
316  which increases the rate of transcription of L-type isozyme
317  gene by stimulating synthesis of some unknown protein.**
318  Thus, this hormonal disorder may affect the expression of
ne L-type pyruvate kinase gene. In this study, we found that
320  plasma insulin levels in control and uemic rats were much the
321  same. After high-carbohydrate refeeding plasma insulin
322 levels increased to the same extent in both groups. These
323 findings may be limited to our uremic models in which we
324  employed Sprague-Dawley rats younger than four-months-
325  old. Klahr et al observed the same results (personal commu-
326  nication). The changes in L-type isozyme mRNA level in
327  uremia (Fig 6) cannot be explained by the allernations of
328 plasma insulin level, as far as we used the uremic model as
329  described above.

330 On the other hand, glucagon inhibits accumulation of
31} L-type isozyme mRNA caused by insulin at the level of
332 transcription and caused by fructose at posttranscriptional
333 step.'* In uremia glucagon levels are markedly elevated
334 because the kidney plays a major role in glucagon metabo-
335  lism. It is demonstrated that of the various subunit of
336 glucagon, plasma levels of inactive component (MW 9,000)
337  are greatly elevated, whereas levels of the active component
3318 (MW 3,500) are mildly but significantly clevated.'* We
339 found that plasma glucagon level in uremic rats was signifi-
340  cantly higher than that in control. We cannot identify
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active/inactive components of glucagon since immunoreac-
tive glucagon ed by the radioi y included
both active and inactive component. However, the elevated
plasma glucagon level probably plays a role in accumulation
of L-type pyruvate kinase mRNA. This is supported by
evidence that both plasma glucagon levels and glucagon/
insulin ratios were negatively correlated with L-type isozyme
mRNA levels (Fig 9). Elevated plasma glucagon may sup-
press accumulation of L-type pyruvate kinase mRNA at two
steps. The first step of suppression occurred at transcrip-
tional level. We have observed that glucagon inhibited
accumulation of L-type pyruvate kinase mRNA caused by
insulin.® Vaulont et al' also reported that glucagon blocks

_ the transcription of the genmes encoding L-lype pyruvate

kinase. The second step is posttranscriptional level. Glucagon
inhibits accumulation of the L-type pyruvate kinase mRNA
caused by fructose, which acts as stabilizer of the nuclcar
L-type isozyme mRNA precursors.® Thus, the imbalance of
insulin and glucagon levels observed in our uremic models
may afTect accumulation of L-pyruvate kinase mRNA and
consequent synthesis of enzyme protein.

Hyperglucagonemia in uremia could also induce phos-
phorylation of L-type pyruvate kinase by cAMP-dependent
protein kinase. The phosphdylaled enzyme is more sensitive
to proteolytic enzyme than the intact enzyme,’ which may
explain our results.

(%]

-
)
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Fig 1. Activities of M,-type pyruvate kinsse of rat gestro-
cnemius muscie. Uremic (U] and control (C} rets were fasted for 18
hours or refed a high carbohydrate dist for 24 hours. Values are
mesns : 8D.

Fig 2. Effect of chronic renal feilure on the levels of M,-type
pyruvate kinass mRNA isolated from rat gastrocnemius muscle.
Total RNA was isolsted from the muscle of uremic (U} and control
{C} rats fasted for 18 hours or refed a high-carbohydrate diet for
24 hours. Samples of 4 ug of each RNA were spotted onto the
same nitr i filter in dupli and lyzed by dot blot
hybridizstion using a nick-transiated cDNA isclated from pM,PK-
33.7 Values are means & SD. Abbreviation: M,-PX, M,-type pyru-
vate kinase.

Fig 3. Northern lysis of totsl ceilulsr ANA lscisted from
gastrocnemius muscie of rats, Total cellular ANA were isclated
from the gestrocnemius muscle of uremic snd control rats st the
fasted and refed state. Five microgrems of total celtural RNA were
separated by electrophoresis on 0.8% agarose gel containing 2.2
mol/L formaldehyde. The ANA was then transferred to a nitrocel-
lulose filter and hybridized “P-labeled M,-type pyruvate kinase
cDNA. Abbrevistion: KB, kilob

Fig 4. Activities of L-type pyruvate kinsse of rat liver. Uremic
{U) and control (C) rats were fasted for 18 hours or refed & high
carbohydrate diet for 24 hours. Values are means ¢ SO,

Fig 6. itration with ibody of i-type pyruvate
kinase in liver extracts. Various amounts of liver sxtract were

incubated st 20° C for 16 minutes with 250 mU of anti-li-type

pyruvate ki ) | globulin and an (650 mU) ot
anti-{M,-typs pyruvate kinase} immunoglobulin to neutralize the
M,-type activity pletely. After addition of 25 ul of 10%

Staphylococcus aureus, the mixtures were incubsted further for
ten minutes at 2,000 x g. The resuitsnt supernatants were
assayed for pyruvate kinase activity by 2,4 dinitrophenylhydrazone
method, except that anti-{(M,-type isozyme) antibody was omitted.
Control rats fasted for 18 hours {O) or refed high carbohydrate diet
for 24 hours {A), or uremic rats fasted {@) or refed (A).

Fig8. Levels of L-type pyruvate kinase mANA in rat liver. Total
RNA was isolated from the liver of uremic {U) and controt {C) rats
fasted for 18 hours or refed a high-carbohydrate dist for 24 hours,
Samples of 10 pg of sach RNA were spotied onto the sams
nitroceliulose filter In duplicate and analyzed cONA insert from
pLPK-1.6 Vaiues are mean ¢ SD. Abbrevistion: t-PK, t-type
pyruvate kinase. ’

Fig7. R (] hip b serum cr ini ations
and levels of L-type pyruvate kinase miNA of rats after refed a
high-carbohydrate dist. RNA was isoiated from liver of uremic {@)
and control {O) rats. Abbreviation: t-PK, t-type pyruvate kinsse.

Fig 8. Northern analysis of total cellural RNA Isclsted from
fiver of rats. Total celiural ANA were isolated from the liver of
uremic and control rats after refed 8 high-carbohydrate diet. Five
micrograms of total cellular RNA were separated by electrophore-

-als an LB% ager ool ining 2.2 mol/\. for dehyde. The
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RNA was then transferred to a nitrocellulose filter snd hybridized

with “P-labeled L-type pyruvste kinase cONA probae.  Abbrevistion;
KB, kirobases.

- Fig9. Belstionship b ph insulin levels and levels of
L-type pyruvate klnlu mMRANA. RNA was isolated from liver of
uremic {8) and control {O) rats after high carbohydrats diet refed.
Abbreviation: 1-PK, L-type pyruvate kinase.
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Table 1. Body Weight, Serum Creatinine, snd BUN

Body Weight »-Cr BUN
n o {mg/dL) img/dL)
Fasted .
Control L] 379+ 7 0.7 £ 0.1 1323
Uremic ] 337 = 34 1.8 £ 0.4° 67 + J°
Refed '
Control 1] 405 2 10 0.7 £ 0.1 8223

Uremic [} 346 = 35° 23z 1.0 67 = 32°

Vsalues sre given s mean = SD.
*p < .01 compared with respective control.
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Abstract

The effects of a low protein diet and essential amino acid supplementation therapy on the rate
of progression of chronic renal failure caused by chronic glomerulonephritis were examined retro-
spectively in 31 patients. A comparison of the rates of progression of renal failure in the low protein
diet group with those in the non-low protein diet group was made using the slopes of regression lines
between the reciprocal values of the serum creatinine and time. The mean slope of -5.4x1073 dl/mg/
month in the low protein diet group was significantly different from that of -9.9x1072 dl/mg/month
in the non-low protein diet group. In addition, the influence of the low protein diet therapy on the
progression of chronic renal failure was examined in 4 patients who started on the low protein diet
therapy in mid-course of the follow-up period. Three of them revealed significantly smaller values of
serum creatinine during the low protein diet therapy than those predicted by extrapolation of their
respective rates of progression before treatment. The effect of essential amino acid supplementation
therapy on the rate of progression of chronic renal faiture was studied in 2 patients who changed from
a low protein diet to essential amino acid supplementation therapy. The creatinine concentrations
under the essential amino acid supplementation therapy increased at a significantly slower rate than
predicted during the low protein diet alone. These results suggest that the low protein diet therapy
may have slowed the progression of chronic renal failure, and that the essential amino acid supple-
mentation therapy could be more effective for retardation of the progress of chronic renal failure

than the low protein diet alone.

Introduction

In most patients with chronic renal failure,
the decline in renal function seems to occur at a
constant rate. Their reciprocal values of serum
creatinine concentration decrease linearly with
time as renal failure progresses [1]. The slope of
the regression line between the reciprocal of the

Received October 15, 1985
Japanese Journal of Nephrology Vol. 28, No.3, 1986

serum creatinine concentration and time indi-
cates the rate of progression of chronic renal
failure: the slope couid be changed by treatment
[2, 3]. Observation of the reciprocal value of
the serum creatinine makes it possible to esti-
mate the rate of progression of chronic renal
failure and the effects of therapy.

The protective effects of a low protein diet on
the course of chronic renal failure have been con-
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firmed in animal models [4. 5], and several
groups have observed that restriction of dietary
protein and/or phosphorus retarded the progress
of chronic renal failure in humans [2, 3,6-10].
A’previous report [11}, using the Markov pro-
cess, demonstrated that -essential amino acid
supplementation therapy can retard the progress
of chronic renal failure as compared to a low
protein  diet alone. In the present study, a
retrospective analysis of patients with chronic
renal failure was undertaken to determine how
the progression of renal failure was retarded by
a low protein diet or essential amino acid
therapy, by contrasting the slope of the regres-
sion lines between the reciprocal values of the
serum creatinine and time.

Methods

Patients

Two groups of patients with chronic renal
failure caused by chronic glomerulonephritis
were studied. The non-low protein diet group

Enyu Imai et al.

(protein intake above 0.7 g/kg/day) included 21
patients (15 males, 6 females) aged 23 to 76
(mean 45.9) years (Table 1). Their mean diasto-
lic blood pressure was 91.1 (range 76.3 to 105.2)
mmHg, and the mean duration of observation
was 21.4 (range 8 to 45) months. The average
daily urinary protein was 2.0 (0.5 to 3.5) g/day.
The low protein diet group (protein intake less
than 0.7 g/kg/day. The low protein diet group
(protein intake less than 0.7 g/kg/day) included

14 patients (5 males, 9 females) aged 21 to 76

(mean 46.1) years (Table 2). Their mean dias-
tolic blood pressure was 89.9 (range 76.0 to
110.1) mmHg, and the mean duration of obser-
vation was 21.3 (range 12 to 40) months. The
average daily urinary protein was 1.6 (range 0.3
to 2.7) g/day. In mid-course of this follow-up
period, 4 patients (Pt. 18, 19, 20 and 21) on the
non-low protein diet thereapy started on the low
protein diet and 2 patients (Pt. 25 and 26)
changed from the low protein diet to essential
amino acid supplementation therapy. Patients
with hypocalcemia were given a supplementation

Table 1.  Profile of chronic renal failure patients treated without a low protejn diet
Pt. Age Sex Initial s-Cr Duration Stope MDBP MUP MTNI
No. (mg/d1) (months)  (dl/mg month) (mmHg) (g/day) (mg/kg/day)
1 45 M 28 23 -0.0075 80.8 1.9 133
2 70 M 24 38 -0.0089 83.7 0.9 132
3 23 F 2.5 17 -0.0178 87.1 34 137
4 38 M 2.2 8 -0.0386 104.7 3.5 114
5 27 M 3.6 13 -0.0165 89.2 35 113
6 62 F 5.5 23 -0.0044 98.8 1.9 156
7 36 M 2.7 21 -0.0063 88.7 2.7 122
8 33 F 3.1 10 -0.0130 82.6 1,0 173
9 66 M 5.2 21 -0.0047 94.5 0.9 133
10 39 F 34 36 -0.0012 91.6 0.5 139
11 48 M 2.7 33 -0.0053 89.4 2.2 154
12 67 M 31 24 -0.0066 88.7 0.9 145
13 43 M 2.8 45 -0.0060 96.1 2.3 146
14 40 M 5.7 26 -0.0036 942 31 142
15 34 M 42 18 -0.0070 95.1 2.0 134
16 31 F 30 15 -0.0167 92.9 0.9 159
17 71 M 52 14 -0.0081 76.3 1.1 143
18 41 M 3.0 26 -0.0057 97.3 2.7 123
19 42 F 28 16 -0.0094 97.1 2.2 133
20 51 M 35 9 -0.0104 105.2 3.5 200
21 75 M 3.3 14 -0.0092 80.0 0.8 151
Mean 46.8 3.5 21.4 -0.0099 91.1 2.0 142
iSb + 156 1.0 t 99 +0.0079 +7.7 +1.0 0

Abbreviations: MDBP, mean diastolic blood pressure; MUP, mean urinary protein; MTNI, mean total nitrogen intake.
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Table 2. Profile of chronic renal failure patients treated with a low protein diet

Pt. EAA  Age Sex  Initial s-Cr Duration Slope MDBP MUP MTNI

No. . (mg/dl) {months) (dl/mg month) {mmHg) (g/day) (mg/kg/day)

i8 - 44 M 49 26 -0.0001 99.0 2.3 112

19 + 45 F 5.7 27 -0.0045 98.7 2.3 100

20 + 52 M 5.1 10 -0.0104 99.3 2.5 104

21 + 76 M 4.1 12 -0.0074 76.0 1.6 86

22 - 61 F 55 6 -0.0050 828 2.7 89

22 - 21 F 24 31 -0.0081 73.8 0.9 79

24 - 40 F 35 35 -0.0052 108.0 0.9 107

25 ) 42 F 33 27 -0.0035 86.2 0.5 112

26 /- 49 F 4.7 40 -0.0017 80.0 1.5 93

27 + 21 M 6.6 14 -0.0067 824 1.5 79

28 + 42 M 55 12 ~0.0079 110.1 1.9 76

29 + 58 F 4.6 12 -0.0031 83.1 0.3 95

30 + 45 F 5.0 14 -0.0074 101.0 1.2 107

31 + 54 F 5.9 15 -0.0047 78.6 1.6 102

Mean 46.4 4 8%* 21.3 -0.0054* 89.9 1.6 Qe *E

+SD +14.4 +1.1 9.7 £0.0027 +12.3 0.7 12

Abbreviations: EAA, essential amino acid therapy; MDBP, mean diastolic blood pressure; MUP, mean urinary protein;
MTNT, mean total nitrogen intake. *p<<0.05, **p<0.01, ***p<<0.001, compared to chronic failure patients treated

without a low protein diet.

of calcium lactate (1.5-3.0 g/day) and/or la-OH
vitamin D3 (0.25-0.5 ug/day), and those with
hyperphosphatemia were given aluminium
hydroxide orally.

Diet control

The prescription for protein intake in the
low protein group was 0.5-0.6 g/kg/day, and
that in the non-low protein group was 0.8-1.0
kg/day. We placed both groups on the high
calorie diet (more than 35 kcal/kg/day). The
management of essential amino acid therapy was
as reported previously [12]. Briefly, the low
protein diet was supplemented with 8 essential
amino acids plus histidine (Amiyu-G® 7.5
g/day), which further restricted the protein
intake corresponding to the nitrogen intake
from the amino acids. The dietary intake of the
patients was reviewed once a month by a dieti-
cian and assessed at interviews as well as by
dietary questionnaires. Using Maroni’s me-
thod [13], the dietary protein intake was esti-

mated on the basis of the urea nitrogen appear-
ance.

Japanese Journal of Nephrology Vol. 28, No.3, 1986

Assessment of progression of chronic renal failure

The serum creatinine concentration was deter-
mined 6 or more times over an observation peri-
ode of more than 8 months in each case. We
measured BUN, serum albumin, daily urinary
excretion of creatinine and protein. The recipro-
cal value of the serum creatinine was plotted
against time in each patient, and the data were
analyzed by leastsquares linear regression.
All patients revealed significant regression (p <
0.01). Evaluation of the progression rate of
chronic renal failure as a group was made from
the slopes of these regression lines. For statis-
tical comparisons of the slopes in these groups
of patients, Wilcoxon’s test was used.

In patients whose dietary management was
changed, the effect of the low protein diet
alone or essential amino acid thereapy on the
progression of chronic renal failure was estimated
from the change in the reciprocal of the serum
creatinine concentration after the therapy. We
compared the observed values of the reciprocal
of the serum creatinine after the therapy with
the predicted values obtained by extrapolation of
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the line obtained during pretherapy. The paired
t-test was employed for statistical analysis.

Results

1) Comparison between groups (Table 1 and 2;

-

0.3

Enyu Imai et al.

Fig. 1)

During the follow-up period averaging 21
months, the mean slope obtained in the regres-
sion analysis of the reciprocal creatinine against
time was ~5.4 x 107 dl/mg/month in the low
protain diet group (mean nitrogen intake 96
mgN/kg/day) and -9.9 x 107 di/mg/month
in the non-low protein diet group (mean nitro-

-
gen intake 142 mgN/kg/day). The difference
between the two groups was statistically signifi-

~ cant (p < 0.05). If started on the low protein

g€0.2f diet therapy at a level of serum creatinine of 4.7

T mg/dl, patients treated with the low protein

S diet had 9.1 more months before they reached

A a level of serum creatinine of 10 mg/dl, referred

s 01} to as “renal death” (Fig. 1).

2) Effects of low protein dietary therapy com-
pared to nown-low protein diet in individual
‘ ‘ ] case (Table 3, Fig. 2)
oL
-10 Ry (month ‘)0 20 Pt. 18 started on the low protein diet alone
Time ";10 sf th at the point of 6.0 mg/dl serum creatinine. The
1 Ie- . . .
Fig. 1. g;gi:f (’)’; tth:erzm c:eati~ slope of the regression line increased from ~5.7
-3 -3
nine against time in patients x 107 dl/mg/month to—0.1 x 1073 dl/mg/
with chronic renal failure who month after the therapy and the reciprocal
were treated with LPD (o---0: value of the serum creatinine during the therapy
=54x10-3 difmg/month) and was significantly higher (P<<0.001) than that
with NLPD (s—————s: slope, dicated £ h L, : £
99 x 107 dl/mg/month). pre 1catf': rom the patient’s prior rate o
The asterisk denotes p<0.05 progression. Pt. 19, 20, and 21 started on the
for a comparison of the slopes essential amino acid supplementation therapy
between LPD and N]il; % LPD, at a level of serum creatinine of 4.9, 5.2, and
low protein diet; N , non- 5 1 ective e e e )
low protein dict. .8 mg/fdl, respectively. The slope of the re
Table 3. Effects of a low protein diet and essential amino acid therapy on the progress of
chronic renal failure
Pt. EAA Slope before s-Cr at start Slope after Last  p value# Outcome
No. treatment of treatment treatment s-Cr
(10°xdl/mg/month)  (mg/dl) (103 xdl/mg/month)(mg/dI)
18 - -5.7 5.5 -0.1 6.8 <0.001 treatment continued
19+ -94 49 -4.5 i1.5 <0.001 hemodialysis
20 + -10.4 5.2 -104 12.8 ns hemodialysis
21 + -9.2 5.8 -7.4 9.1 <0.001 hemodialysis

#p values, calculated using Student’s t-test, show that the reciprocal of the serum creatinine concentration
during treatment was lower or higher than that predicted from the previous rate of progression.
Abbreviations: EAA, essential amino acid therapy; ns, not significant.
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Fig. 2.

Effects of a low protein diet on the progression of chronic renal

failure. The reciprocal values of the creatinine concentration before
treatment are represented by open circles (0) and those during the
low protein diet therapy by solid circles (o). The regression line
which fitted the pretherapy values is shown as a solid line and its
extrapolation during therapy is indicated by the broken line.

gression line in Pt. 19 increased from -9.4
x 1073 to -4.5 x 1073 dl/mg/month, and that in
Pt. 21 from -9.2 x 10°® to =74 x 107 4y
mg/month. The reciprocal values of the serum
creatine in Pt. 19 and 21 after therapy were
significantly higher than those predicted on the
basis of the pretreatment data (p<0.001).
However, in Pt. 20, the essential amino acid
supplementation therapy exerted no effect on
the progression of chronic renal failure. In 3 of
the patients (Pt. 18, 19 and 21), the serum con-
centrations of uric acid during the low protein
diet were significantly decreased compared to
those in the non-low protein diet. The CaxP
products of these patients were not changed
significantly.

3) Effects of essential amino acid supplementa-
tion therapy compared to low protein diet alone
in individual cases (Table 4, Fig. 3)

Pt. 25 and 26 changed from the low protein
diet alone to the essential amino acid therapy
at a level of serum creatinine of 6.0 and 5.2

Japanese Journal of Nephrology Vol. 28, No.3, 1986

mg/dl, respectively. Their average total nitrogen
intake was unchanged after therapy (Pt. 25,
111 to 112 mgN/kg/day, Pt. 26, 86 to 89 mgN/
kg/day) and their blood pressure was unchanged.
In Pt. 25, the slope of the regression line increas-
ed from -9.7 x 107 to —4.1 x 10°® dl/mg/
month, and the reciprocal value of the serum
creatinine during the essential amino acid supple-
mentation therapy was significantly higher (p<
0.001) than that predicated from the patient’s
prior rate of progression. In Pt. 26, the slope
increased form -4.7 x 107® to -0.8 x 107
dl/mg/month, and the reciprocal value of the
serum creatinine during the essential amino
acid supplementation thereapy was signifi-
cantly higher than that predicted from the low
protein diet alon (P<0.001). In these patients,
the body weight and serum albumin concentra-
tion before and after therapy demonstrated
only slight changes. In Pt. 25, the serum CaxP
products and uric acid were significantly decreas-
ed after the essential amino acid supplementa-
tion therapy, whereas Pt. 26 showed no change.
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Table 4." Effects of essential amino acid therapy on the progression of chronic renal failure in patients
treated with a low protein diet
Pt.  MINI Slope s-Cr at start Slope Last  pvalue# Outcome
No. pre post during LPD of EAA after EAA s-Cr
(mgN/kg/day) (103xd1/mg/month) (mg/dl) (103 xdl/mg/month) (mg/dl)
25 111 112 -9.7 5.2 105 <0.001 hemodialysis
26 86 89 -4.7 7.0 6.6 <0.001 treatment continued

# values, calculated using Student’s t-test, show the probability that the reciprocal of the serum creatinine
concentration during essential amino aeid therapy was lower or higher than that predicted from the previous

rate of progression.

Abbreviations: MTNI, mean total nitrogen intake; EAA, essential amino acid therapy; LPD, lower protein diet.

0.5-[’

Pt.25

0.4+
0.3

0.2+
0.1+

1/s-Cr (di/mg)

oL

-

30 40

°er
—h
o
N
o

Pt. 26

Time (months)

Fig. 3. Effect of essential amino acid thereapy on the progression of chronic
renal failure in patients treated with a low protein diet. The reciprocal
values of the serum creatinine before treatment are represented by
open circles (o) and those during the essential amino acid therapy by
solid circles (#). The regression line which fitted the pretherapy values
is shown as a solid line and its extrapolation during is indicated by

the broken line.
Discussion

Essential amino acid thereapy is advantageous
for patients with chronic renal failure because of
improvement of nitrogen metabolism and nutri-
tional state as well as elimination of uremic
symptoms. Giordano [14], Bergstrom [15])
and our research group [12] have found that
essenal amino acid supplementation therapy
showes better improvement of nitrogen balance
and aminograms in the plasma than a low pro-
tein diet alone. Furthermore, it has been de-
monstrated that the serum concentration and
the urinary excretion of methylguanidine and
guanidinosuccinic acid, assumed to be uremic
toxins, were remarkably diminished during treat-
ment with essential amino acid supplementation

40

therapy compared to a low protein diet alone
[12]. Reduction of the serum methylguanidine
and guanidinosuccinic acid appears to contri-
bute to the maintenance of patients with chro-
nic renal failure in a favorable state.

It has been reported previously that the ex-
pected progression to end-stage renal failure, cal-
culated by the Markov process, was consider-
ably slower in patients with essential amino
acid supplementation therapy than in those
receiving a low protein diet alone [11]. The
Markov process based on relatively short-term
observations might be useful for evaluating the
progression of the disease. We can calculate the
probability of progression of chronic renal
failure in a mass number of patients by the
Markov process. As reported by Mitch et al. [1],

Japanese Journal of Nephrology Vol, 28, No.3, 1986
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analysis of the reciprocal serum creatinine and
time can accurately determine the rate of pro-
gression of chronic renal failure. Especially, in
individual cases, the analysis of this relationship
relies on the predictability of the course of the
chronic renal failure and can help to evaluate
the effects of therapy.

Recently, hemodynamic renal injury, also
referred to as glomerular hyperfiltration and
hyperpressure, and the deposition of several sub-
stances in the renal parenchyma have been found
to be involved in the mechanism of progression
of renal disease. Hostetter et al. [16] showed
in rats with experimental renal failure that the
increase in glomerular capillary blood flow and
pressure caused by a reduction of the renal mass
leads to glomerular damage; however, these
changes can be ameliorated by restriction of
dietary protein. If the remnant nephrons are
injured hemodynamically, the load of amino
acids, such as glycine, arginine, and alanine,
which increase the glomerular filtration rate,
may advance the renal injury. Johannsen et
al. [17] and Tank et al. [18] demonstrated
in anesthesized dogs that intravenous adminis-
tration of glycine and alanine produced an
increase in glomerular filtration rate and renal
blood flow, respectively. Gollaher et al. [19]
found that intravenous arginine infusion caused
a significant increase in glomerular filtration
rate in normal rats. The effects of a low protein
diet and essential amino acid supplementation
therapy may be based patially on decreasing.
the load of these amino acids. However, the
amino acid concentrations in fasting plasma from
the patients showed little change between
before and after low protein diet therapy. It
remains to be determined therefore whether the
decreased load of these amino acids affects the
hemodynamics of the glomeruli or not.

In addition, a low protein diet and essential
amino acid supplementation therapy may con-
tribute to prevention of the decline of renal
function, reducing or removing deposits of harm-
ful substances such as phosphate, uric acid, etc.
Ivels et al. [20], employing a remnant kidney
model in rats, reported that the calcification
of the parenchyma produced by the altered
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phosphorous metabolism present in the uremic
state incites an inflammatory and fibrotic reac-
tion leading to destruction of the remnant
kidney. Urate is another possible substance
which may precipitate in the kidney with re-
duced function. Chronic hyperuricemia is well
known to impair renal function, and it is quite
likely that severe hyperuricemia due to renal
failure exerts the same effect [21]. The finding
that the serum CaxP products and uric acid levels
were significantly reduced in some of our pa-
tients treated with a low protein diet and
essential amino acid supplementation therapy
appears to support this hypothesis.

It has been demonstrated retrospectively in
the present study that a low protein diet and
essential amino acid supplementation therapy
retarded the progression of chronic renal failure
caused by glomerulonephritis, and that the
essential amino acid therapy was more effective
in such retardation than the low protein diet

alone.
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First Department of Medicine, Osaka University
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Osaka 553, JAPAN

References

1. Mitch, W.E., Walser, M., Buffington, G.A., and
Lemann, Jr., J.: A simple method of estimating pro-
gression of chronic renal failure, Lancet, 2: 1326-
1328, 1976

2. Mitch, W.E., Walser, M., Steinman, T.I., Hill, S.,
Zeger, S., and Tungsanga, K.: The effect of keto
acid-amino acid supplement to a restricted diet on
the progression of chronic renal failure. N. Engl.
J Med., 311: 623-629, 1984,

3. Alverstrand, A. Ahlverg, M., First, P., and
Bergstrom, J.: Clinical results of long-term treat-
ment with a low protein diet and a new amino acid
preparation in patients with chronic uremia. Clin.
Nephrol,, 19: 67-73, 1983

4. Klineknecht, C., Salusky, L., Broyer, M., and Gubler,
M.: Effect of various protein diets on growth,
renal function, and survival of uremic rats. Kindey
Int,, 15: 534-541. 1979

5. Neugarten, J., Feiner, H.D., Schacht, R.G., and
Baldwin, D.S.: Amelioration of experimental glo-

41



280

merulonephritis by dietary protein restriction.
Kidney Int., 24: 595-601, 1983
6. Barsotti, G., Guiducci, A., Caiardella, F., and
Giovannetti, S.: Effects ot renal function of low-
nitrogen diet supplemented with essential amino
acid and ketoanalogues and of Hemodialysis and
free protein supply in patients with chronic renal
failure. Nephron, 27. 113-117, 1981
7. Mastio, G., Oldrizzi, L., Tessitore, N., D’Angelo,
A., Valvo, E,, Lupo, A., Loschiavo, C., Fabris, A.,
Gammaro, L., Rugiu, C., and Panzetta, G.: Effects
of dietary protein and phosphorus restriction on
the progression of early renal failure. Kidney Int.,
22 371-376, 1982
8. Barsotti, G., Gianoni, A., Morelli, E., Lazzeri,
M., Vlamis, I, Baldi, R., and Giovanntti, S.: The
decline of renal function slowed by very low phos-
phorus intake in chronic renal patients following
a low nitrogen diet. Clin. Nephrol, 21: 54-59,
1984
9. El Nahas, A. M., Masters-Thomas, A., Brady, S.A.,
Farrington, XK., Wilkinson, V., Hilson, AJ.W,
Varghese, Z., and Moohead, J.F.: Selective effect
of low protein diets in chronic renal diseases. Brit.
Med. J., 289: 1337-1341, 1984
10. Rosman, J.B., Ter Wee, P.T., Meijer, S., Piers-
Bicht, T. M., Sluiter W.J., and Donker, AJ.M.:
Protective randomised trial of early dietary protein
restriction in chronic renal failure. Lancet, 2: 1291-
1295, 1984
11. Ando, A., Orita, Y., Nakata, K., Fukuhara, Y.,
Mikami, H., Fujii, M., Nakajima, Y., Ueda, N., and
Abe, H.: The effect of essential amino acid supple-
mentation therapy on prognosis of patients with
chronic renal failure estimated on the basis of the
Markov process. Med. J. Osaka Univ., 32: 31-37,
1981
12. Ando, A., Orita, Y., Tsubakihara, Y., Takamitsu,
Y., Ueda, N., Yanase, M., and Abe, H.: Effect of low

42

Enyu Imai et al.

protein diet and surplus of essential amino acids on
the serum concentration and the urinary excretion
of methylguandine and guanidinosuccinic acid in
chronic renal failure. Nephron, 24: 161-169, 1979

13. Maroni, B.J., Steinman, T.I., and Mitch, W.E.:
A method for estimating nitrogen intake of patients
with chronic renal failure, Kidney Int., 27: 58-65,
1985

14. Giordano, C. : Use of exogenous and endogenous
urea for protein syntehesis in normal and uremic
subjects. J. Lab. Clin. Med.,, 62: 231-246, 1963

15. Bergstrdm, J., Fiirst, P, and Norée, L.O.: Treat-
ment of chronic uremic patients with protein-
poor diet and oral supply of essential amino acids. L
Nitrogen balance studies. Clin. Nephrol, 3: 118-
194, 1975

16. Hostetter, T.H., Olson, J.L., Rennke, H. G.,
Venkatachalam, M.A., and Brenner, B.M.: Hyper-
filtration in remnant nephrons: A potentiaily adverse
response to renal ablation. Am. J Physiol,241:
F85-F93, 1981 '

17. Johannsen, J., Lie, M., and Kill, F.: Effect of
glycine and glucagon on glomerular filtration and
renal metabolic rates. Am J. Phsiol, 233: F61-
F66, 1977

18. Tank, G.W., and Herrin, R.C.: Effect of protein
and amino acids upon renal function in the dog.
Am. J. Physiol [178: 165-167, 1954

19. Gollaher, C.J., Wood, M.H., Holl, M., and Allen,
L.H.: A comparison of amino acid-induced hyper-
calciuria in sham-operated and parathyroidectomized
rat. J. Nutr,, 114.622-626, 1984

20. Ivels, L.S., Alfery, A.C., Haut, L., and Huffer,
W.E.: Preservation of function in experimental
renal disease by dietary restriction of phosphate. N.
Engl. J. Med., 298: 122-126, 1978

21. Ostberg, Y.: Renal urate deposition in chronic
renal insufficiency. Acta Med, Scand., 183: 197-201,
1968

Japanese Journal of Nephrology Vol. 28, No.3, 1986



3
N

3
r

Reprint from

clncsl
neohrology

An International Journal

=

Dustri-Verlag Dr. Karl Feistle
Miinchen-Deisenhofen



Clinical Nephrology, Vol. 25 No. 4 — 1986 (pp. 181-185)

Plasma concentration and peritoneal clearance of
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Abstract. Accumulation of oxalate, resulting in high plasma levels, is 2 common finding in
end-stage renal disease. We investigated plasma concentration and peritoneal clearance of
oxalate in 14 patients on continuous ambulatory peritoneal dialysis. The plasma oxalate levels
in these patients (30.2 £ 11.2 pmol/l) were as high as those in hemodialysis patients before
dialysis (31.9 £ 11.1 umol/l). There was a significant correlation between plasma oxalate and
urea nitrogen appearance (UNA). Dietary protein seems to be an important oxalate source in
these patients, because the UNA reflects protein intake in stable patients. The mean peritoneal
oxalate clearance was 6.64 * 1.56 1/day, close to the creatinine clearance. These results suggest
that the plasma oxalate levels in CAPD patients may be sufficiently high to induce calcium
oxalate deposition, and that methods of increasing oxalate removal and reducing oxalate

burden are necessary for CAPD patients.

Key words: CAPD - oxalate — urea nitrogen appearance — peritoneal clearance

Introduction

The secondary oxalosis of renal failure has been
recognized for more than 20 years, but the details of
its prevalence and clinical features have only recently
been addressed. There is evidence that the incidence
and severity of oxalate deposits are related to the
duration of renal failure or to the duration of
hemodialysis therapy [Fayemi et al. 1979, Salyer and
Keren 1973]. The most frequently involved sites of
calcium oxalate deposition include the kidney, the
myocardium, and the blood vessels, although deposits
have also been noted in various other organs. Tissue
accumulation 1is often asymptomatic, but recent
reports suggest that patients with renal failure may
develop clinically apparent diseases related to organ
deposits of calcium oxalate cystals [Hoffman et al.
1982, op de Hoek et al. 1980, Salyer and Hutchins
1974].

Received April 24, 1985, in revised form September 12, 1985.
Reprint requests to Dr. A. Yamauchi.

Oren et al. [1984] demonstrated that CAPD
patients had an unusually high incidence of calcium
oxalate kidney stone formation and urine ionic-
oxalate concentrations in these patients were sig-
nificantly higher than in normal subjects. This
report suggested secondary oxalosis also occurred in
CAPD patients. However, plasma concentration and
peritoneal clearance of oxalate have not been reported
in peritoneal dialysis except in three patients with
primary hyperoxaluria [Watts et al. 1984, Zarembski
et al. 1969].

The present study examines the plasma oxalate
levels and peritoneal oxalate clearances in patients on
continuous ambulatory peritoneal dialysis.

Patients and methods

This study included 14 patients (7 males, 7 fe-
males) undergoing CAPD. The duration of dialysis
prior to the study varied from 3 months to 36 months
of peritoneal dialysis, with an average of 17.4 months.
Their mean age was 41.7 years (13-75 years). Before
the initiation of CAPD, 5 of the 14 patients had been
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Fig.1 Plasma oxalate levels in patients on CAPD and CHDT
(mean = SD).

on hemodialysis (mean 18.6 months). In 9 patients,
CAPD was the first treatment of end-stage renal
disease. All patients were in stable nutritional status,
and did not experience any infections or other major
complications.

A surgical inserted Tenckhoff catheter and 2 liters
of commercially available dialysis solution (Dianeal®)
were used. This solution contains: Na 132 mEq/l,
Cl 102 mEq/l, Mg 1.5 mEq/l, Ca 3.5 mEq/], lactate
35 mEq/l, and dextrose 1.5 or 4.25 g%.

plasma oxalate
(ymol/L)

L4 p<0.05

0 40 80 120 160
urea nitrogen appearance
(mg/kg body weight/day)
Fig. 2 Correlation between plasma oxalate and urea nitrogen

appearance in CAPD patients (n = 13).

Five of the 14 patients exchanged dialysis solu-
tion three times per day (dwell time 6-11 hours), and
the others four times per day (dwell time 3-8 hours).

Dialysate levels of urea, creatinine, urate, and
oxalate were determined in all samples obtained from
the three or four exchanges a day. Plasma samples
were obtained at the end of the clearance study.

In stable CAPD patients, urea nitrogen appear-
ance (UNA) can be determined as the sum of the urine
and dialysate urea nitrogen [Blumenkranz and
Schmidt 1981]. UNA was calculated as the sum of
dialysate urea nitrogen per day in 13 stable patients
whose residual kidney function was almost zero (urine
volume <50 ml/day).

Peritoneal clearances (1/day) of these solutes were
calculated as ratio of the sum of dialysate solute per
day to plasma concentration.

Plasma and peritoneal dialysate levels of oxalate
were determined by spectrophotometric method
described by Kohlbecker and Butz [1981]. In 5 normal
volunteers plasma oxalate levels were all below
5 pmol/l.

Plasma oxalate concentrations were also assayed
in 13 patients on chronic hemodialysis treatment
(CHDT). Hemodialyses were performed 3 times a
week, 5 to 6 hours each time.

None of the patients were receiving supplemen-
tary ascorbate nor suffering from primary hyperox-
aluria.

Results

Figure 1 shows the plasma oxalate levels in
patients on CAPD and CHDT. In CAPD patients the
plasma oxalate levels ranged from 8.6 to 47.3 umol/l
(n = 14, mean 30.2 + 11.2 umol/l). In hemodialysis
patients, predialysis plasma oxalate levels ranged
between 17.8 and 54.3 pmol/l (n = 13, mean 31.9
11.1 pmol/l) and were reduced after dialysis to 43% of
predialysis values (p <0.001), ranging from 6.8 to
21.4 ymol/l (mean 13.6 = 5.5 pmol/l). The plasma
oxalate levels in CAPD patients were not significantly
different from those in CHDT patients before dialy-
sis. There was no correlation between plasma oxalate
and plasma creatinine, urea, or urate, in either CAPD
patients or CHDT patients before dialysis.

Figure 2 shows the relationship between plasma
oxalate and UNA (mg/kg body weight/day): there
was a significant correlation (r = 0.59, p <0.05).
UNA was also correlated with plasma urea nitrogen
(r = 0.83, p <0.01), but not with plasma creatinine
and urate.

Table 1 shows the peritoneal clearances of urea,
oxalate, creatinine and urate in CAPD patients with
three or four daily exchanges. The clearance values for
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each solute with four daily exchanges were always
significantly higher than those with three daily
exchanges. The relative ordering of clearance values
for these solutes was nearly the same for both three
and four daily exchange groups: the clearance values
for urea were significantly higher than those for the
other solutes, and the clearance values for oxalate were
close to those for creatinine, while these tended to be
higher, but not significantly so, than those for urate.
The plasma level of oxalate was not correlated with its
clearance value.

Discussion

In normal subjects, most urinary oxalate is
derived from endogenous sources because oxalate
absorption from the gastrointestinal tract is quite
small [Williams 1978]. The two major sources of
oxalate are glyoxylate and ascorbate.

The most important precursor of oxalate is
glyoxylate, and the main precursor of glyoxylate
seems to be glycine. Other amino acids such as serine
and hydroxyproline are also discussed as precursors of
oxalate in man. Ribaya and Gershoff [1982] described
that the urine of rats fed diets supplemented with 3%
glycine and 5.2% hydroxyproline contained unexpec-
tedly high amounts of endogenously formed oxalate.
Robertson et al. [1979] reported that a dietary increase
of 34 g/day of animal protein significantly increased
urinary oxalate in man.

We found high plasma levels of oxalate in CAPD
patients , although no patient was treated with ascor-
bate. Further, there was a significant correlation
between the plasma oxalate and the UNA. Because
UNA reflects protein intake in stable patients
[Blumenkranz and Schmidt 1981), dietary protein
seems to be one of the most important sources of
oxalate in CAPD patients without supplementary
ascorbate.

Ascorbate is an established oxalate precursor and
may account for about 30% of daily urinary oxalate
excretion in normal subjects [Baker et al. 1966].
Ascorbate in large doses (>5 g/day) has been reported
to increase urinary excretion of oxalate [Briggs et al.
1973, Schmidt et al. 1981]. Recently, Pru et al. [1985]
reported that serum oxalate levels before hemodialysis
showed a good correlation to the levels of ascorbate in
hemodialysis patients supplemented with ascorbate.

It is known that there are several other precursors
of oxalate. For example, some cases of acute renal
failure secondary to hyperoxaluria and resultant intra-
renal oxalate deposition have been reported following
the use of methoxyflurane and ethylene glycol [Fras-
cino et al. 1970, Parry and Wallach 1974]. Secondary
oxalosis has been observed in a patient given large
intravenous doses of xylitol [Ludwig et al. 1984).

Table 1 Peritoneal clearances of urea, oxalate, creatinine, and
urate. (mean * S§D)

Three daily Four daily All patients

exchanges exchanges

(n=05) (n=9) (n=14)
Curea 7.06 + 0.68 8.93 & 1.42° 8.26 * 1.50
Cox 5.39 + 0.66° 7.33 + 1.50¢ 6.64 + 1.567
Cer 5.49 + 0.70° 7.08 £ 0.83> 6.51 = 1.09°
Curate 4.87 + 0.50¢ 6.87 + 0.86 6.15 + 1,23

Curea = urea clearance, Cox = oxalate clearance, Ccr = creatinine
clearance, Curate = urate clearance (I/day); * p <0.05 vs. three
daily exchanges, ® p <0.01 vs three daily exchanges, ¢ p <0.001 vs.
three daily exchanges, 9 p <0.05 vs. Curea, ¢ p <0.01 vs. Curea,
fp <0.001 vs. Curea.

Recently, Ribaya-Mercado and Gershoff [1984] estab-
lished that the intake of galactose resulted in greater
excretion of endogenously formed oxalate in rats. It is
probable that an excessive intake of these precursors
increases plasma oxalate and induces severe oxalate
deposition in uremic patients.

It is well known that pyridoxine deficiency leads
to hyperoxaluria in both human and experimental
animals [Gershoff 1964, Ribaya and Gershoff 1982,
Ribaya-Mercado and Gershoff 1984]. Blumberg et al.
[1983] claimed that the plasma and erythrocyte
vitamin Bé6 levels in some patients on CAPD were
lower than normal. The administration of vitamin Bé
may be effective against hyperoxalemia in these
patients [Balcke et al. 1982].

Peritoneal clearance studies have been reported in
only three patients with primary hyperoxaluria.
Zarembski et al. [1969] described the peritoneal clear-
ance of oxalate averaged 5 to 6 ml/min in a patient
with primary hyperoxaluria (dwell time 30 min).
Watts et al. [1984] reported that the oxalate clearance
values ranged from 4.8 to 5.9 ml/min in two patients
on CAPD with four cycles of 1 or 2 liters of dialysis
fluid daily.

We found that oxalate clearances in CAPD
patients without primary hyperoxaluria were almost
equal to those with primary hyperoxaluria. Oxalate
clearances were close to creatinine clearances. [t is well
known that peritoneal permeability decreases as the
solute molecular weight increases. Because oxalate is
not protein-bound and is freely dialyzable [Williams
1978], it is reasonable that the oxalate clearance was
closer to the creatinine (MW 113) clearance rather
than the urea (MW 60) or urate (MW 168) clearance,
considering its molecular weight (MW 90).

As dialysate flow rate increases, peritoneal
clearances of these small solutes increase rapidly in
CAPD [Robson et al. 1978]. In the present study, the
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mean clearances of oxalate, urea, creatinine and urate
with four daily exchanges were 125-140% of those
with three daily exchanges. There seems to be a linear
increase of clearance with flow rates for these solutes,
although patient characteristics influence clearances
[Rubin et al. 1981]. Increasing dialysate flow rate is
very effective for oxalate removal in CAPD.

The secondary oxalosis of renal failure is believed
to be the results of chronic elevation of the plasma
concentration of oxalate [Thompson and Weiman
1984], but it is not known with certainty if there is a
critical plasma concentration at which precipitation
and tissue deposition occurs. Constable et al. [1979]
have demonstrated that in chronic renal failure with-
out primary hyperoxaluria, the concentration of
plasma oxalate may be sufficiently high to induce
calcium oxalate deposition. Recently, Worcester et al.
[1985] suggested that uremic serum, even after
hemodialysis, was supersaturated with respect to
calcium oxalate. We found high plasma levels of
oxalate in CAPD patients, although no patient
received supplementary ascorbate. Therefore, CAPD
patients also are likely to develope severe organ
deposits of calcium oxalate crystals.

It is possible that oxalate deposits in patients with
end-stage renal disease are an important contributing
factor to morbidity and mortality. Cardiovascular
complications in particular have caused the largest
proportion of deaths in CHDT and CAPD patients
[Broyer et al. 1982, Wu et al. 1983). Oxalate deposi-
tion in the heart and the blood vessel walls may
contribute to these complications. It is known that
CAPD is not as efficient as hemodialysis in terms of
small-solute clearances per week, although CAPD is
more efficient for larger solutes such as vitamin B12
and inulin [Popovich et al. 1978]. For CAPD patients,
methods of increasing oxalate removal (e. g., increase
of dialysate exchange rate, augmentation of blood
flow, enhancement of peritoneal permeability) and
reducing oxalate burden (e.g., low intake of oxalate
precursors, vitamin B6 supplementation) seem to be
necessary, in view of the results that plasma levels of
oxalate in these patients were as high as those in
CHDT patients before dialysis.
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