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Dietary fiber stimulates the extra-
renal route of nitrogen excretion in
partially nephrectomized rats

Hassan Younes, Keith A. Garleb,* Stephen R. Behr,* Christian Demigheand
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The purpose of this study was to determine the effect of an indigestible carbohydrate/dietary fiber (the
oligosaccharide/fiber blend, or O/F blend) on extra-renal nitrogen excretion in nephrectomized rats. The O/F
blend provided a diversified source of soluble and insoluble fibers: 41.2% fructooligosaccharides, 26.4%
insoluble oat fiber, 17.7% soy polysaccharides, 10.3% gum arabic, and 4.4% carboxymethylcellulose. Forty
partially nephrectomized rats were randomized to one of four dietary treatments that varied in protein and O/F
blend content. Dietary treatments were administered for 17 days (an adaptation phase of 10 days, followed by
an experimental phase of 7 days) and included the following treatment groups: (1) 8% casein, 0% O/F blend, (2)
8% casein, 8% O/F blend, (3) 14% casein, 0% O/F blend, and (4) 14% casein, 8% O/F blend. Compared with
nonnephrectomized normal rats € 10), the nephrectomy procedure induced a marked renal insufficiency, with
significant increases in plasma urea and creatinine concentrations (90% and 44%, respectively). In this model
of renal insufficiency, feeding the fermentable fibers had the same effect as in previous studies in normal rats:
The O/F blend increased cecal weight and cecal blood flow, leading to accelerated diffusion of blood urea into
the cecal lumen (by threefold), urealysis to ammonia and protein synthesis by the microflora, and increased fecal
excretion of nitrogen. The efficiency of O/F blend in stimulating the extra-renal route of nitrogen excretion was
greatly enhanced by the simultaneous use of a low protein rate: Fecal nitrogen excretion accounted for 23% of
total nitrogen excretion in rats fed a 14% casein diet, compared with 45% in those receiving the 8% casein diet.
The increase of fecal nitrogen excretion was accompanied by an equal and significant decrease in urinary
nitrogen excretion and a decrease in blood urea nitrogen. In conclusion, addition of an O/F blend to a low protein
diet exerts a potent urea lowering effect in renally insufficient rats, suggesting that these dietary conditions could
help delay the progression of renal failure or prevent its consequenddsNutr. Biochem. 9:613-620, 1998)
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Introduction Interventions that restrict protein intake lower the plasma

Considerable attention has been aiven during the past few" €2 concentration, alleviate adverse clinical manifesta-
. -€n g X g the p tions*~® and may slow the progression of chronic renal
years to the impact of nutrition on kidney disedse.

failure.”~1°Another dietary approach may involve the use of
a fiber enriched diet, which increases the nitrogen excretion
via the fecal routé?~*3Such an effect has been reported in
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carbohydrate to the large bowel can lead to cecal hypertro-Table 1 Composition of semi-purified diets expressed as g/100 g of
phy. This hypertrophy includes an enlargement of the cecal diet (dry basis)
absorptive mucosa and increased blood flow, which favor

Ly ; L tei Normal protei

the diffusion of blood urea into the cecal lumen. The ‘ ow proten orma proten

presence of a highly ureolytic microflora maintains a urea ngredients FF O/F FF OrF

concentration gradient favorable to a net uptake of blood ,

urea by the large intestifé Ammonia generated by urease- Casein 8 8 14 14
. o . . . DL-Methionine 0.3 0.3 0.3 0.3

positive bacteria is used for bacterial protein synthesis, thus\yneat starch 787 707 707 64.7

trapping nitrogen for eventual elimination in the feces. Oligosaccharide/fiber 0 8 0 8
In a previous rat experimef?, we observed that the blend"

consumption of an oligosaccharide/fiber blend (the O/F Comoil 5 5 5 5

blend) that contained fructooligosaccharides (FOS), oat andeer-aI miture ! ! ! !

g , Vitamin mixture? 1 1 1

soy fiber, gum arabic, and a small amount of carboxymeth-
ylce”ubse (CMC) to_ a low prOteI,n diet resulted in an 'Oligosaccharide/fiber blend (O/F): 41.2% fructooligosaccharide,
expansion of fecal nitrogen excretion such that fecal and 26.49% oat ficer, 17.7% soy polysaccharide, 10.3% gum arabic, and
urinary nitrogen rates were nearly equal (50% of total 4.4% carboxymethylcellulose. This product was supplied by Ross
nitrogen excretion by each route). Although the fermentable E\;ﬁgr‘ﬁ;z Da';]"j'?:i'n égtl’;tgu'—sslg;ﬁr"fnséﬁg'LEQ(E:Z} C;? erjoStéZi) of diot
fibers (gum arabic and soy polysaccharide) and FOS in- i 0. vinofiavin, 15: pyridosine, 10: nicotinamide, 100: calium
crease fecal nitrogen, the nonfermentable fibers (oat fiber panthotenate, 70; folic acid, 5; biotin, 0.3; cyanocobalamin, 0.05; retinyl
and CMC) tend to bolster fecal wet weight and accelerate pamitate, 1.5; DL-a-tocopheryl acetate, 125; cholecalciferol, 0.15;
intestinal transit, thus limiting exposure of the colonic menadione, 1.5; ascorbic acid, 50; myo-inositol, 100; choline, 1.36 g;

. . _CaHPO,, 15 g; K,HPO,, 2.5 g; KCI, 5 g; NaCl, 5 g; MgCl,, 2.5 g; Fe, O,
mucosa to putrefactive end products of nitrogen metabo 2.5; MnS0,.H,0, 125; CuS0,.5H,0, 0.2; ZnSO,.7H,), 100; K, 0.4.

lism. Purchased from UAR (Villemoisson/Orge, France).
The purpose of this study was to determine the effect of FF-fiber-free diets.

feeding an O/F blend on fecal nitrogen excretion in the

presence of two different levels of protein (8% and 14%

casein) in partially nephrectomized rats.

Sampling procedure

Rats were sampled just after the dark period (between 8:00 and
9:00aMm). The procedure of blood sampling from anesthetized rats
. (40 mg sodium pentobarbital/kg body weight) for determination of
Materials and methods arteriovecr;ztljus differences across the cecum has been previously
. . described." For blood flow measurement, bromo-sulfophtalein in

Animals and diets saline solution (4.7 mmol/L) was infused at a rate of HOmin
We used 40 male Sprague-Dawley rats (IFFA-CREDO, I'Arbresle, into the small afferent vein, on the internal curvature of the cecum.
France) that weighed approximately 200 g and had undergone Dilution of the marker in the vein draining the whole cecum allows
surgical ablation of approximately 70% of the renal mass, as determination of the cecal blood flow. After blood sampling, the
previously describe@ Under light pentobarbital anesthesia, the cecum and its contents were removed and weighed (total cecal
right kidney was gently dissected from surrounding tissue and Weight). Duplicate samples of cecal contents were transferred to 2
removed. After isolation of the left kidney, the two poles were ML microfuge tubes, which were immediately stored at —20°C.
excised with scissors. The nephrectomized rats were randomized! he cecal wall was flushed clean with ice-cold saline, blotted on
to one of four dietary treatment groupBaple 1: (1) 8% casein, filter paper, and weighed (cecal wall weight). Cecal water was
0% OfF blend, (2) 8% casein, 8% O/F blend, (3) 14% casein, 0% determlned by difference between wet W_elght and dry welgh_t of
OIF blend, and (4) 14% casein, 8% O/F blend. The O/F blend, aliquots of cecal contents that were dried to qonstant Welght.
which consisted of 41.2% FOS, 26.4% oat fiber, 17.7% soy _Supernatgnts of the digestive contents were pbtalned by centrifug-
polysaccharide, 10.3% gum arabic, and 4.4% CMC, was substi- "9 the microfuge tubes at 20,080g for 10 minutes at 4°C.
tuted for wheat starch in the diets. In addition to the nephrecto- .
mized rats, 10 nonnephrectomized controls (referred to as “normal Analytical procedures

rats”) were fed the 14% casein, 0% O/F blend to determine the gport-chain fatty acids (SCFA) were measured by gas-liquid
effects of the nephrectomy procedure. ) chromatography on aliquots of supernatants from cecal coftent.

Rats were allowed free access to water and diets and the darkammonia concentration was determined enzymatically on neutral-
period lasted from 10:00m to 8:00 am. During the adaptation  jzed perchloric acid extracts of plasma or digestive cont&hts.
period (10 days), rats were housed two per cage in a temperatureyrea was determined on perchloric extracts of plasma using the
controlled room (22°C). Following the adaptation phase, rats were diacetylmonoxime proceduré.Creatinine was measured by col-
individually housed for 7 days in metabolic cages fitted with orimetric method in plasma at 500 ri®.Amino acids were
urine/feces separators suitable for feces and urine collection determined on a Chromakon 500 autoanalyzer (KontromicHp
(experimental period). Daily food consumption and body weight Switzerland), using lithium buffers and postcolumn ninhydrin
were recorded every 3 days during the adaptation period, thendetection. The nitrogen of food, cecal content, feces, and urine was
daily during the last 5 days of the experimental period. During determined by Kjeldahl method: Homogenized samples (0.5-1 g
these days, urine (acidified by HCI, final concentration of 5 of food, cecal content, or feces; 1 mL of urine) were treated with
mmol/L) and feces were collected for determination of nitrogen 6 mL of sulfuric acid (36 mol/L) in the presence of a catalyst
excretion. Animals were maintained and handled according to the (K,SO,, 1.5 g; Se, 7.5 mg). Finally, the ammonia was extracted
recommendations of the Institutional Ethic Committee of the and trapped in a solution of boric acid, then determined by direct
University of Clermont-Ferrand. titration with sulfuric acid.
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Table 2 Effect of nephrectomy procedure in rats fed the fiber-free diet with 14% casein’

Plasma urea Plasma creatinine Nitrogen fecal Nitrogen urinary
Total renal mass concentration concentration excretion excretion
(9) (mmol/L (nmol/L) (mg/day) (mg/day)
Normal rats 2.30 = 0.08 3.12 £ 0.22 387+ 16 30.7 1.2 190 = 7
Nephrectomized rats 1.24 + 0.042 5.92 + 0.40? 55.6 + 2.12 320+ 1.6 245 + 142

"Each value is the mean =SEM, n = 10. Measurements were made 10 days post-partial nephrectomy. Statistical evaluation of data was carried out
by Student’s t-test.
2Significant difference (P < 0.05) between group of normal rats and group of nephrectomized rats.

Statistical analysis cretion was 29% higher in the nephrectomized rats than in

Values are given as the meansSEM and, where appropriate, the normal rats. . . . . .
significance of differences between mean values were determined ~ 1able 3summarizes daily food intake, weight gain, and

by analysis of variance (ANOVA; Super ANOVA, ABACUS, parameters of cecal fermentations. No significant differ-
Berkeley, CA USA). When necessary, data were normalized by ences in food intake were noted throughout the study. In
log or reciprocal transformations before ANOVA. P-values of less contrast, there was a significant effect of dietary protein

than 0.05 were considered significant. level on body weight gain. The animals fed the 14% protein
diet were 25 to 30% heavier on average than their counter-
Results parts fed the 8% protein diet. Within protein level, feeding

. the O/F blend led to a significant enlargement of the cecum,
The effects of the nephrectomy procedure are presented "Nyhich included an enlargement of the cecal wall and an

Table 2 In normal rats, the total renal mass (both kidneys) . - :
was 2.30 g. In nephrectomized rats, the remnant renal masdncrease in the contents of the cecum. In parallel with the

S : development of cecal wall, cecal blood flow increased by
(”o]ggsp?/\rltrll?érlf Igp ?ﬁg vt\i/ﬁlsel(.)?iSk;grsyahpapdarbeen;rtlhg;(tz?gsrgg i: ver 50%. The cecal pH was close to neutral in rats fed the
70% (’i.e., only 30% remaining), had recovered by compen- fiber—fre_e diets, whereas it was significantly depressed to pH
satory hypertrophy of the single remaining partial kidney to values in the low 6 range in rats fed the O/F blend.
approximately 58% of the total renal mass in the normal  AS shown in Figure 1, the total cecal SCFA pool
rats. In these nephrectomized rats, the plasma urea andProduced from endogenous substrates in rats fed fiber-free
creatinine concentrations were 90% and 44% greater, re-diets was approximately 50% greater in rats fed 14% casein
spectively, than those in the nonnephrectomized normal ratsthan in those fed 8% casein. When the O/F blend was added
receiving the same diet. At the time during which the rats to the diets containing either protein level, the SCFA
were studied (10 days after the nephrectomy), the rate ofconcentration in cecum increased by another 50% and the
fecal nitrogen excretion did not differ between normal and total cecal pool increased approximately threefold. More-
nephrectomized animals, although the nitrogen urinary ex- over, feeding the O/F blend altered the molar ratio of

Table 3 Effect of diets on daily food intake, daily weight gain, and parameters of cecal fermentations’

Cecum
Daily food  Daily weight SCFA SCFA
intake gain Total weight Blood flow concentration molar ratio
Diets (g/day) (g/day) (¢)} Wall weight (g) (mL/min) pH (mmol/L) (Ac/Pr/Bu)
Casein 8%

FF 222 +09 532=*045 1.83=*0.17 0.56 *= 0.08 0.96 + 0.06 7.08 = 0.03 89 =5 74/16/10

O/F blend 228+1.2 510x0.21 3.61*0.26° 0.81=0.04> 147 +007° 6.24=*0.072 137 + 67 64/20/16
Casein 14%

FF 226 +09 6.71 +0.79° 2.40 + 0.36 0.58 = 0.08 1.11 = 0.08 7.04 + 0.02 104 =7 75/17/8
O/F blend 23.5+1.0 6.82+0.81° 4.48 + 0.422° 1.07 + 0.08%>° 1.68 + 0.09°° 6.01 = 0.08>% 155 = 82%  62/24/14
Significance of effects

by Super ANOVA

Casein NS P < 0.005 P < 0.03 P < 0.01 P < 0.01 P < 0.02 P < 0.01

O/F blend NS NS P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001

Casein x O/F blend NS NS N P < 0.02 NS NS NS

"Each value is the mean +SEM, n = 10. Statistical evaluation of data was carried out by Super ANOVA. NS-nonsignificant. Ac—acetate. Pr—propionate.
Bu-butyrate.

2Significant difference (P < 0.05) between groups of rats fed fiber-free diets (FF) and those fed the oligosaccharide/fiber blend (O/F blend).
SSignificant difference (P < 0.05) between groups of rats fed 8% or 14% casein diets.
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Cecal SCFA pools (umoles/cecum)

Casein 8% Casein 14%

Figure 1 Effect of diets on cecal short-chain fatty acids (SCFA) pools in nephrectomized rats fed fiber-free (FF) or oligosaccharide/fiber blend (O/F)
diets. Cecal SCFA pools (wmoles/cecum) = SCFA concentration (mmol/L) X cecal water (mL). Each value is the mean of 10 rats.

acetate/propionate/butyrate with a significant increase of significantly greater (at least twofold higher) in rats fed high

propionate and butyrate at the expense of acefatblé 3. fiber diets than in rats fed fiber-free dietsigure 3B. There
Figure 2illustrates the effect of diets on plasma urea. In was no significant effect of protein intake on cecal total

the non-O/F groups, reducing protein from 14% to 8% of nitrogen in the non-fiber group. In the rats fed O/F, cecal

diet caused an average decrease of over 50% in plasma urefptal nitrogen was significantly elevated with the 14%

concentrations. At either protein level, addition of the O/F asein treatment.

blend further reduced plasma concentration of urea by an | the cecum, essential or semi-essential amino acid

average of just over 30%. pools Figure 4A and nonessential amino acid pool&d-

As shown inFigure 3A within fiber level, cecal ammo- ;.o 4m were influenced by both dietary protein and dietar
nia concentrations were over 50% higher in rats fed the 14% gpor Ii?\take In rats fed %lhe fiber—freg ziets elevation o¥

casein diet than in those fed the 8% casein level. Within dietary protein level led to an increase of all cecal amino

rotein level, the addition of the O/F blend in the diet : . -, .
gepressed cecal ammonia concentration by over 50% InacId pooI;. At the lower protein 'e.Ve" the addition of f[bers
‘. led to an increase of all cecal amino acids except proline. In

arallel, nitrogen accumulation in the cecal contents was . ; . T
P 9 contrast, with the 14% casein diet, the addition of O/F

decreased the cecal pools of glycine, serine, and proline, as
well as all of the essential and semi-essential amino acids.
The fluxes of urea and ammonia across the cecum were
clearly influenced by dietary condition&igure 5. There
was a net flux of urea from blood compartment to the cecal
lumen. This flux depended on both plasma urea concentra-
tion and cecal development. There was a significant direct
relationship between protein and fiber level and urea flux
into the cecal lumen. In parallel, both the addition of fiber
and an increase in protein level resulted in a significant
increase in the absorption of ammonia from the cecum to
the blood compartment. The net balance (urea nitrogen—
ammonia nitrogen), which reflects the final utilization of

Casein: P< 0.0001
1 o/F:  P<0.0001
6 | Casein x O/F: P< 0.01

Plasma urea (mmoV/L)

Casein 8% Casein 14% urea, was positive in all cases, but was significantly greater
Figure 2 Effect of diets on plasma urea in nephrectomized rats fed with t_he O/F diets compare_d with fiber-free diets at either
fiber-free (FF) or oligosaccharide/fiber blend (O/F) diets. Each value is protein level. The cecal nitrogen balance represents the
the mean +SEM, n = 10. Statistical evaluation of data was carried out retention of urea nitrogen in the cecum. This retention,
by Super ANOVA. *Significant difference (P < 0.05) between groups of ; ;
rats fed FF diets and those fed O/F blend diets. 'Significant difference Wherz) e?(pressed asa pr(?portlorj Of.urea mtroqfn. absorbed,
(P < 0.05) between groups of rats fed the 8% casein level and those fed Is 37% in rats fed the 14% casein diets and 60% in rats fed
the 14% casein level. the 8% casein level.
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A ¥ Discussion
12 4

| e on The present study was designed to evaluate the effect of an
10 | Casein x O/F: P<0.02 O/F blend on the extra-renal elimination of nitrogen in
] partially nephrectomized rats. Digestive disposal of urea has
s{ T been reported in normal animals and hum&. The
1 intestinal route of excretion may be emphasized when renal
6 o function is compromised, because an increase in plasma
1 urea would favor uptake by the cecum and favor the
e development of a urealytic microflof4.The results of the
present experiment indicate that an O/F blend can signifi-
cantly reduce plasma urea in rats, particularly if the animals
o |l FF O/F FF OfF are also fed a low protein diet.
A shift in nitrogen excretion from urine to feces depends

Cecal ammonia concentation (mmol/L)

Casein 8% Casein 14% - ) _ .
largely on the effectiveness of fibers in enhancing cecal
bacterial proliferatiot??® and increasing fecal bacterial
mass. Bacteria comprise approximately 55% of dry stool
weight in humans on a western dfétand because bacteria
are 7 to 8% nitrogen (dry weightf, an increase in their
B cecal proliferation will increase fecal mass and nitrogen
40 - *t excretion through this route. As shown in previous stud-
| o™ <0001 T ies1219the use of carbohydrates with different degrees of
E Cascin x O/F: P<0.05 fermentability produce complementary effects. The highly
g 301 . or moderately fermentable fibers such as FOS, gum arabic,
E’ —_ and soy polysaccharide contribute to an increase in bacterial
§ growth, which results in a rise of fecal nitrogen. In contrast,
g 27 poorly fermentable dietary fibers such as oat fiber and CMC
L; - increase fecal bulking and accelerate intestinal transit
e —_ time.
77 In the presence of diets containing the O/F blend, the
© usual sources of nitrogen (digestive enzymes and sloughed
o FF OfF FF O/F mucosal cells) may be insufficient to sustain maximal
Casein 8% Casein 14% bacterial growth. In such conditions, blood urea constitutes
the largest and the most readily available source of nitrogen
F,itgé"’:f( F,Effe"tg,%f) ?r:eézor?rggf:rl‘n?ggn?aqgf(g éf‘fligeeff‘r)ezr‘(gge;aéﬁo‘g' for bacterial protein synthesis in the cecéf?'Urea can be
ggcc%aride/gﬂber blend (OF;F) diets. Cecal ammonia pool (pumoles/%e— _captured dlreCtI,y fl’om the cecal blood supply or ,Can dlff,use
cum) = cecal ammonia concentration (mmol/L) X cecal water (mL). into the small intestine and enter the cecum in the ileal
Each value is the mean =SEM, n = 10. Statistical evaluation of data effluent. In addition, dietary protein level can influence
\é‘/ath gz;”efoguts tg rigspgdAF'\é%\i/Q-s*as;:g”ifirgimsdci)ffgf;‘?gd(g ; Slgr%) nitrogen accumulation in the cecum directly due to a lack of
dieets. TSiSnificZnt difference (P < 0.05) be%wegn groups of rats fed the complete dlggstlon in the small mt.eStme anq indirectly .due
8% casein level and those fed the 14% casein level. to increases in plasma urea resulting from its metabolism.

When the O/F diet with the low protein level was fed, the
cecal microflora synthesized almost all amino acids, result-
. . . . ) ing in large increases in cecal pools of these amino acids.

As shown inTable 3 daily food intakes did not differ \ypen fed the O/F diet with the high protein level, there was
between groups, indicating that daily nitrogen intakes 5, annarent shift from production of essential amino acids
within protein level were not different (270 mg/day in the (5ward utilization of essential amino acidEigure 4A).

8% casein group and 490 mg/day in the 14% casein group).|nsofar as rats are coprophagic, net bacterial amino acid
As expected, nitrogen excretion was greater in rats fed thesynthesis might improve amino acid status in animals fed a
14% casein diets than in rats fed the 8% casein diggi(é  |ow protein diet. With regard to human relevance, the
6A). Within both the 8% and 14% casein diets, the O/F diet guestion arises whether the large intestine had the capacity
produced a significant increase in the percentage of totalto absorb significant amino acids. In rats, although cecal
nitrogen excreted in the feces and a significant decrease inamino acid pools shifted very significantly, there was no
urinary nitrogen excretion compared with the fiber-free diet. significant influence of fermentable fibers on arterial amino
As a percentage of total nitrogen excretion, fecal nitrogen acid concentrations or on nitrogen balance (results not
excretion was higher in rats fed the 8% casein diet than in shown). However, it has been reported that in humans lysine
rats fed the 14% casein digfigure 6B. Overall, the net is absorbed from the large intestitre.

nitrogen balance was more positive in rats fed the high  Even though the O/F blend lowered the ammonia con-
protein level (215 mg/day) than in those fed the low protein centration in the cecal contentsigure 34, the O/F blend
level (160 mg/day) and was not significantly influenced by significantly increased cecal absorption of ammofig(re
addition of O/F blend. 5). This result can be explained by a large increase in cecal
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Fiber-free
OO O/F blend

>

Essential or semi-essential
amino acids cecal pools (umoles)

Casein 8% Casein 14%

Non-essential amino acids
cecal pools (pmoles)

Casein 8% Casein 14%

Figure 4 Effect of diets on cecal essential or semi-essential amino acid pools (Figure 4A) and nonessential amino acid pools (Figure 4B) in
nephrectomized rats fed fiber-free (FF) or oligosaccharide/fiber blend (O/F) diets. Cecal amino acid pools (nmoles/cecum) = amino acid concentra-
tions (mmol/L) X cecal water (mL). Each value is the mean of triplicate determination of supernatant pools of 10 rats.

Urea N transfered to the cecum ] Ammonia N absorbed from the cecum  [] Cecal N balance

Casein: P< 0.0001 Casein: P< 0.0001 Casein: P< 0.004
15 7 O/F: P<0.0001 O/F:  P<0.0001 wu OfF: P<0.0001
Casein x O/F: P< 0.02 Casein x O/F: P< 0.0002 T Caseinx OfF: NS
1.0 7
—_ i *
g
E
s
=]
3
=
5
i=]
— *
g -0.5 7
Q
'z, 4
*F
-1.0
1 FF | L OF L FF L OF
Casein 8% Casein 14%
-1.5

Figure 5 Effect of diets on cecal nitrogen (N) flux in nephrectomized rats fed fiber-free (FF) or oligosaccharide/fiber blend (O/F) diets. Fluxes
(rmoles/min) = arteriovenous differences across the cecum (mmol/L) X cecal blood flow (mL/min). Each value is the mean =SEM, n = 10. Statistical
evaluation of data was carried out by analysis of variance with multiple comparisons between treatments by Student-Newman-Keuls’ test. *Significant
difference (P < 0.05) between groups of rats fed FF diets and groups of rats fed O/F blend diets. TSignificant difference (P < 0.05) between groups
of rats fed the 8% casein level and those fed the 14% casein level.
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A [ Fecal N excretion
300

(| Urinary N excretion

il

200

100

N excretion (mg/day)

FF O/F FF O/F
Casein 8% Casein 14%

50 -

in the feces and some of which was reabsorbed. These
changes resulted in an increase in the amount of nitrogen
that was excreted in the feces and a equal decrease in the
amount of nitrogen that was excreted in the urine. Although
there was no change in the amount of nitrogen excreted, the
retained nitrogen is used more efficiently, resulting in
further decreases in blood urea levels from 2.6 mmol/L to
1.8 mmol/L, a decrease of over 30%.

In conclusion, the net effect of protein restriction and of
feeding the O/F blend was to decrease urinary nitrogen
excretion from approximately 250 mg/day (14% casein
fiber-free diet) to approximately 60 mg/day (8% casein, O/F
blend diet), a 75% decrease in urinary nitrogen output.
Furthermore, plasma urea was decreased from approxi-
mately 5.9 mmol/L (14% casein fiber-free diet) to approx-
imately 1.8 mmol/L (8% casein, O/F blend diet), a decrease
of almost 70%.

This approach to treatment of early renal failure, which
involves the intake of fermentable and nonfermentable fiber
in addition to decreasing protein intake, may further reduce
the role of kidney in the excretion of nitrogen and reduce
blood urea concentration. These changes may help to delay
the progression of renal failure and prevent the conse-

10 1

Fecal % of total N excretion

FF O/F FF O/F
Casein 14%

0

Casein 8%

Figure 6 Effect of diets on urinary and fecal nitrogen (N) excretions
(Figure 6A) and fecal percentage of total nitrogen excretion (Figure 6B)
in nephrectomized rats fed fiber-free (FF) or oligosaccharide/fiber blend
(O/F) diets. Each value is the mean of 10 rats.
4

contents, an enlarged surface of exchange between the
luminal fluid and blood, and by a favorable effect of SCFA °
absorption. Ammonia and SCFA are generally considered
to be transported across biological membranes as unchargedg
moleculeé® with the colonocyte, at a neutral pH, the
protons required for NEH formation arise from SCFA
dissociation. Ammonia, once absorbed from the large intes- *
tine into portal blood can contribute to glutamine synthesis
in the liver3

When these nephrectomized rats were fed a diet that was
lower in protein (e.g., 8% casein instead of 14% casein), 8
total nitrogen excretion was decreased from approximately
270 to 280 mg/day in the animals fed the higher level of
protein to approximately 110 mg/day in the animals fed the 9
lower amount of protein. Blood urea levels were decreased
from 5.9 mmol/L to 2.6 mmol/L, a decrease of approxi-
mately 56%. 10

When the nephrectomized animals also were fed the O/F
blend, there was an adaptive hypertrophy of the cecum and11
its blood supply, which allowed for efficient removal of
urea from the blood and transfer to the cecal lumen. In the
cecal lumen, urea was hydrolyzed to ammonia, some of
which was used for bacterial protein synthesis and excretedi2

quences of uremia.
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