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Abstract

The objective of this study is to study the effects of cercal supplementation, which contains many
nutritional factors including amino acids on renal functions and morphological alteration in 5/6
nephrectomized rats. Spraque-Dawley rats, 250-300 g, were usc in this study. Rats were drvided into 4
groups. The first group has been undergone sham operation (SOR). Group 2, 3 and 4 undergone 5/6
nephrectomy by removed the right kidney and ligated 2/3 of renal artery. After surgery rats were kept i the
individual cage for 5 weeks. Rats in group 1 and 2 (CNR) fed with normal protein diet only. Rats in group
3 were fed with normal protein diet and supplemented with 0.03 g/rat/day cereal (LNR). Rats in group 4
were fed with normal protein diet supplemented with 0.06 g/rat/day cereal (HNR). The cereal supplement
was started 1 day after surgery. After 5 weeks rats were anesthetized and subjected to renal function study.
At the end of the experiments, left kidney was isolated for the measurciment of morphological alteration.

There was no significant difference of body weight, blood pH, blood pressure and heart rate among
all groups of rat post-treatment. However, rats with cereal supplementation had significant higher (P< 0.05)
plasma urea and plasma creatinine concentration than rat without cereal supplernentation. Rats in CNR had
slightly higher in GFR and RPF compared to the left kidney from SOR indicating functional compensatory.
Rats m LNR groups had similar GFR and slightly lower RPF compared to CNR causing higher filtration
fraction. Rats in HNR group had higher GFR and RPF than CNR group. The higher GFR caused urninary
sodium excretion in HNR higher than in CNR while fractional excretion of sodium was similar. The higher
urinary flow rate caused urinary potassium excretion slightly higher in HNR compare to CNR while
[ractional excretion of potassium was similar. The structural changes that obscrved were similar among all
groups of nephrectomized rats.

In conclusion, 0.03 mg/rat/day cereal supplement did not improve renal function while 0.06
mg/rat/day cereal supplement increase GFR and ERPF in 5/6 nephrectomuized rats 5 weeks after treatment.
Different levels of cereal supplement did not show any difference on renal structural alteration compared
- with nephrectomized alone.
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' CHAP’I‘E'R I

- INTRODUCTION AND AIMS
The rnost wrdely studied model for the pathophysrolo y of chronic renal farlure is
the 5/6. nephrectomrzed or the remnant kidney model Aﬂer 5/6 nephrectomy, systemrc' |
' hypeﬁensrom _ proteinuria, a decrease_ n rena] function and: a- progressrve_'

- glomerulosclerosis were evident i__n'the rats (Hostetter ef al., 1981).

Different ekperimental maneuvers have been empioyed in an effort to 'rednee the
_progresswe rate of renal msufrcrency in the remnant kidney model of. kidney disease. )
' _The most common;y used strategies include d.ietary modiﬁca__tions.' Effects .of protein |
r_esfriction (_El—Nahas et al:, 1983; Finco ef al., 1998; Meireles et al., 1999), phosphorus
"re__striction' (Finco et al., 1992) and modification of calorie inta_ke (Adam et al., 1993;
_' 'Finco el al., 1998) on the hemodynamic changes and morphological. a‘iterations have

- consistently been demons‘rr_ated in the nephrectomized model.

' _The_ nepnrectomized rats maintained on moderate_proteinz restriction survived -
longer and developedvlessg_lom_erular sclerosis when compared_ to those maintained on -
"‘normal protein diet (Brenner et al., 1982; El-Nahas ez. al., 1983). -However, calori_es
intake was one of the factors affecting the prooression of rena! dysfunction. Consuming
low protem diet always leads to an inadequate calorie intake. Adam and coworkers |
(1993) showed that protein and ca]one restricted diet effect.vely reduced serum urea
mtrogen “concentration in - 5/6. neph_rect_omrzed cats. Renal morphology  in 5/6.
nephrectomized cats fed on high protein diet show_ed more glor_neruler, and t_ubular
darna__ge than those fed on low protein diet. The authors suggested that the diffe_renc_:es Il
renal damage might have been attr_ibntable to differences in protein intake, calorie intake, |
or & combination. of.protei_n ‘and calorie intake. Fineo_ and coworkers (1998) tried to
d’istinduish the effects of protein from those of calories in the genesis of renal lesion.
They reported that the calorie, not the protem was. swmﬁcantly re ated to the maomtude

of non- vlomerular lesion score. Effects of phosphoms on the prooressrveness of renal .



failure were “also studied. Althouoh the beneft of phosphorus restriction on renal
____morphology and mmeral concentratlon ‘was not ev1dent but GFR 1mprovement and
~ longer perlod of - survival . ‘were reported in the nephrectomxzed dogs consummv

phosphorus restrlcted diet (Finco et a/ 1992)

Ammo acld was beheved to 1mprove the rena function by Increasing GFR (Graf
ef al., 1983; ter Wee et al., 1985) In the isolate perfused rat kidneys, addmg amino acid -
to the perfusate prevented a fall in renal glutathione concentratlon prevented an
anatomlcal damage, mamtamed GFR and the fractional sodium- excretion close to their
normal l_eve s for as long as 4 hours (Epstein ef al, 1982). If the amino “acid
supplementation vlzas limited’ to the three precursors of wlutathione: the cysteine, gl'utamic
acid and glycme the renal glutathione content was preserved and the concentrated abthty-
_was 1mproved but the fractional sodium reabsorptlon were not matntamed as well as
.'Ithose recexved a comprehenswe amino acid supplement (Epstein ef al., 1982). Amino N
acid 1nfus1on increasing’ the GFR possibly by the utilization corttcal nephrons tooether":
w1th arise in net ultrafiltration pressure of other filtrating glomeruh which were due to

the afferent arterlole vasodilation (ter Wee ef al., 1985). Freund and coworkers (1987)

exammed the effects of two dosaoes and three difference amino acid formulatlons onthe ..

rerial function during acute renal failure in rats, They reported that the low dose
_supplemented (28.8 ml/rat/day) rats had better preserved renal function than high dose
supplemented (33 0 ml/rat/day) rats while there were no significant dlfference in types of

amino acid supplement

L-arginine is the physrologwal precursor of nitric oxide, an endothelial- derived
vasodllatmc factor (Reyes et a/ 1992). Since nitric oxide is.a major regulatory factor of
the renal vascular re31stance and the renal plasma flow by its vasodilation action (Tolin ef
al, 1990) 1t is believed ‘that aromlne supplementat1on would alleviate the prooreSSton of

renal failure through its effect as a nitric oxide precursor (Reyes etal, 1992).



Many studies indicated that L-arginine had positive - effects'. on . the
: .pathoph'}}sioloojcal sequence of chronic renaJ' fail ure'(Reyes' et a/ 1992 Inuram ei al , .
1995). Aromrne loading caused an acute rise of the 010meru]ar filtration rate, the rena}
plasma flow | mn anrmal through: the renal vasodilation- effects (Napathrone el al , 1992)
- Reyes’ and coworkers (1992) have recently reported- the effects of L- argmmev”
supplementanon in drmkmu water on the progressron of renal dlsease 1n nephrectomrzed
- rats. The nephrectomlzed rats treated with 1% L-arginine in drml\rno water had |
significant hroher GFR and ERPF values lower fractional sodium excretion, less
mesanoral prolrferatron and tubular and interstitial morphology alteratlon than those of

the nephrectomrzed rats treated with tap water.

The L-arginine supplementatron limited the early phase of cell prohferatron in the -
remnant OIOmerqus (Inoram et al., 1995). The L- arginine treatment 1nduced a decrease n
the proh_feratmg,cel] nuclear antigen expressron (PCNA) in’ the remnant g_lomeru,]_us,
..'\'};/hich was associated with a .tiecline in mRNA levels, and protein expr"ession for
endotnelin~1. These'observations suggested that the early reduction in cell proliferation
and endotnelial-_l. expression may be responsible for the attenuation of _glomernloscle_r_osis

“in renal ablation rats receiving 1% L-arginine in drinking water (Ingram et al., 1995).

: As the beneﬁcra effects of dietary modification especrally those on moderate
.protem restriction, amino acid supplementation and adequate calorie intake had been
reported on the 5/6 nephrectomized model representing the status of chronic renal failure
~ (Finco et dl, t992)._ It is. interesting to investigate whether the commercial food
| supplement- containe.d moderate amino acid supplement with adequate "calor_ie intake
_Would have any beneﬁcial effects as those had been reviewed.f Nutriblend® _isone of the
" commercial cereal supelements available in the market. It is adverti_sed as a natural_.health v :.
cereal supplement containing essential and natural food stuff such as hydro]ysated

vegetable and cereal starch Wthh pOSSEsses a fiber-like action and is. readily absorbed as

a source of energy and functional nutrients, surtable for enhancmg the digestive functrons-
(the company data, appendrces A B and C).~ ~ Since Nutrrb]end® ~provides: nutrmon

‘factors needed such as amino “acids and adequate calorie _rntake,vrt may be possible to .



beneﬁmal effects on the renal functions as we]l as those on the digestive"z:ﬁ";’ﬁ

reported by the company

The aim of this study is to investigate the effects of ‘cereal supplementation

. containing amino acids and adequate calorie intake on the renal functions and the

& __-_f':'-'fmorpholoomal alterations in 5/6 nephrectomlzed rats.




CHAPTER II
'BACKGROUND INFORMATIONS

The 5/6'.ne'ph'rect0'mized rat as an experime'ntal model for ehronic renal f‘iilu're':

5/6 nephreetomrzed rats have been used as models to study pathophysmroolcal
: prooressron of chronic renal failure. Using this model, the renal mass Was reduced |
~ surgically, usually by removing one k1dney and ligating selected branches of renal artery’
© in the remaining krdney (Brenner et al., 1982). Reduction in renal mass is followed by
; marked ﬁmctronal and structural changes in the remarmnU nephrons Patholomcal |
ﬁndmos n thlS model 1ncluded an increase in 010memlar sized, increase cell number :
' increase cells size, increase deposit. of extrace llular material and caprl ary dil atlon (Olson'_
etfal, 1982) Multlple mechanisms have been proposed to be respons1ble for the
development ofglomerulosclerosrs including glomerular. hypen:ensron and hyperﬁltratron._
'_.(H_ost_ett_er el c_zl., 1986), glomerular hypertrophy (Fogo and Ichrkawa, 1989), epithelial
cell damage (Rennke and Kle"in,- 1989), macrophage influx (Diamond and Kamoysky, :
1 9_89). C_ompensated hyf)er’_trophy in this model was linked to suh_seduent'_de,velop'ment_:of_

glomerulosclerosis (Hostetter et al., 1986).

Electron mlcroscoprc performed on specimens obtained at days 3 and 5 and week
B after 5/6 nephrectomy showed protein reabsorption droplets in 0lomerular eprthehal :
- cells as early as day 3. The mesangial of operated rats appeared normal prior to week l
At week 1, occasronal mesangial hypercellularrty and promment mesangial channels,
hypercel ularity and prominent mesanoral channels were presented. An i mcrease mn
'Olomerular eaprllary pressure and shear stress mduced a mesangial ehanoe as evidence
by’ glomerular expression of a—smooth actm I- week after suraery (F eoge et ai 1992)
Previous studies demonstrated that after subtotal nephrectomy, Type IV collagen and
proeollaoen ol (lV) mRNA levels are mcreased in hypertrophy and sclerosing glomeruh
(Fleoge et al 1992A) Gl omerular hypertrophy as evidence by 1ncreased RNA/DNA and

protem/DNA ranos was present as early as two days after suroery



" Calorie effects on the plogl ession of chromc renal f‘ulure .

Calorle effects on the provressxon of chromc renal failure were studred . cats.
Cats wrth reduced renal mass that consumed 75 cal and 6.8 gof protems developed
severe renal lesion; compared to cats with reduced renal mass_-_consumrng 56 caland 2.7 g
ofproteins (Adams ef al., 1993). The authors suggested that effects cou]d-_he attributable - .'

by calorie intake, protein intake, or protein and calorie i__ntake combination.

‘To distinguish the effects of protein content from calorie _su_pply in the
development of renal lesion Fincoﬂand coworkers (1998) compared renal lesions from
‘the cats treated wrth drfferent food containing 4 different calories and protem
__'_?_.:concentratrons (56 cal/kc/d and 5.0 g of protem 56 cal/kg/d and 9.3 g of protein, 75 .
: cal/kg/d and 5.0gof protem 75 cal/kg/d and 9.3 g of protein). Renal glomerular lesxons
were mild and not affected by protein; calorie or calorie-protein interaction. Non— :
glomerular lesions were mild but were s10n1f'cantiy influenced by calorie mtake not by L
the amount of protein mtake or calorie-protein interaction. GFR was 1ncreased but not - '.
significant in all groups. They concluded that calorie but not protein concentratlons were
associated with nonglomerular aesrons in cats. Therefore, other factors beside the amount
of protem and ca]orre intake should aisu be considered as potentxal causes of progressmn

of renal farlure

Effects of dietary protein on renal functions
A ‘high protein diet causes a srgmtrcant increase in GFR in normal rats. Hostetter
and coworkers (1986) compared rats fed with high (40% casein) and low protem (6%
-casem) diet for 8 months and then studred the renal function. The results showed that rats
fed with a high protern diet showed a significant higher GFR, urinary protein excretion -

and higher ‘frequency of sclerosis glomeruli than the low protein diet group.

. Weissgarten and coworkers (1998) studred the mechanism. of renal hypertrophy
produced by a high protem d1et The kidneys from both sham Charles Rrver rats and
unmephrectomrzed (right krdney) rats fed with a high protem diet (60% protem) had

significant hJOher dry weroht and protem content compare with kldney from sham. rats



fed with'a normal protein diet-(20% proteih‘.).. Administration o_fthe high protein diet to
the nephrectomiéed rats did'not cause an additional' increase in'.either fracti.onal kidney
welght or renal protein content (mg/g) when compare to nephrectomrzed rats fed normal
_'5."protem diet or sham rats fed hrgh protein diet. Sera from sham rats fed high protem diet-
enhanced the mesangral cell prohferatlon sromﬁcantly compared to sera from sham rats
fed normal protein diet. The maomtude of enhancement of mesangial cell prohferatron by
sera from sham nephrectomrzed ammals fed a hth protem dret sera from
v":.nephrectomlzed Oroups fed high- protem diet and nephrectomized fed regular protern dlet

were simila ar.

When comparrng a normal protein dret (13.5 g/day/kg) to a low protein dret (6

: g/day/kg) given to rats for a period of 2 weeks after 5/6 nephrectomy, the glomerular and
tubular lesions in rats fed low protein diet was less (El-Nahas ef al, 1983) Rats
maintained on low protern diet survived longer and had less urinary pro__tem excretion
_than the norma] protein diet group. This finding implied that the severity of 5/6

" nephrectomized rats could be influenced by subsequent dietary treatment.

% Hostetter and coworkers (1 986) demonstrated the relatxonshrp between GFR and
the severrty of glomerulosclerosis in % nephrectomized and 5/6 nephrectomrzed rat
model. They compared the renal function and glomerular lesion of ¥4 nephrectomrzed and
5/6 nephrectomized rat fed with a high protein dlet (40% casein) and low protein diet
(6% casein): Umnephrectomrzed rats and 5/6 nephrectomrzed rats fed with a low protem
diet had a lower GFR compared to those fed with a high protein dlet The increase of
urmary protein excretion was signif 1cantly higher in rat fed with a high protern dret
compared to rats fed with a low protein diet in each group of ablation. Both
:unmephrectomrzed and 5/6 nephrectomized rats fed with a high protein diet showed the
| significant relation between GFR and percentage of demonstratmg sclerosis glomeruli.
This was not found in rats fed low protein diet. This observatlon supported the hypothesis
hat substantial 0]omerular hyperfxltratron and hyperperfusron could eventuate in the
progressron_ of gl omeru__lar injury. Th-ey concluded faat low;__protem dre__t slowed the

“progression of glomerulosclerosis in uninephrectomized and 5/6 nephrectomized rats.



Bovee 1991) studied the effects of hrvh protem diet on progressive of
OlomerulObclerosrs in dogs over 4 years perlod ofexperrment the results failed to

demonstrate glomerular damage those detected in experrmental rodents.

Several studiv_ies have shown the effects of a low protein diet in dogs. Robertson
and coworkers (]986) reported that 75% nephrectomized dogs fed With a 56% protein
diet and a 27% protein dret for period of 4 years had increase GFR and RPF compared to
dogs fed with 19% protem dret No significant morphological dxfferences were found
among dog groups. In dogs with moderate renal failure, low protein dret reduced GFR
and ERPF. The only advantage from a low protein diet was the reductron of blood urea

nitrogen (Bovee, 1991). -

Amino acid was believed to improve renal function by increasing GFR (Grafer

al., 1983; ter Wee ef al, 1985). In isolated renal perfusion, glomerular filtration rate

usually be 70-80% of the /n vivo in the first half-hour and then fall progressively. Adding
amino acid'eelﬁtt_t_ibon, 2 time higher than normal concentration in rat plasma, in the
perfusate could;pre_\lfient anatomical damage and maintairr't_he GFR and fractional sodium
excretion close to t..h_e.ir..initia] level for 4 hours (Epstein..et_ c_z[..'_',_._198i2). If ammo acid
supplementation is limited to the three precursors of giutathiorl.ef.ey:s'teine, glutamic acid,
and glycine, renal glutathione content is preserved and concentrattrrg ability is improved,
but GFR and fractional sodium reabsorption are not maintained as well as comprehensive
amino acid supplements (Epsteirs ‘ef'-;a/ 1982). Amino acid infusion (Vamin N ) increase
" GFR and ERPF in healthy mdmdual whlle the filtration fraction remained constant In
healthy individual after unmephrectomy? amino acid infusion caused an mcrease.rr_r__GFR
while filtration fraction did not change. An increase GFR was due to afferent Vasodi.latiex_t.'ﬂ'
(ter Wee el al, 1985). In normal to moderate ‘renal failure patient (GFR>
QOml/mm/I 73m GFR <90, > 30 ml/min/m?) ammo acrd infusion did not change GFR
but ﬁltratro__n.__fractxon increased shightly. 1t cou]d be speculated that patient with
moderately renal failure have exhausted their physmlogrca].__r_e_served filtration capacity

or, are already hyperfiltration (ter Wee ef af , 1985),



The'ef.fects of a very low protein diet Supplemep__ti:..__.&.v‘ivth essential amino acid in
delaying the progression of chro‘r}'ivc renal failure remairr'ed uncertain. Barsotti'-and
coworkers (1981) showed that the very low protem diet supplement w1th essentral amino
amd and ketoanalogue slowed the reduction of creatmme clearance in uremic patients
when compared to those who consumed a conventronallv low protein diet. Walser and
coworkers (1993) studred the alternative way for slowing the prooress1on of chronic renal'..__:.-'.'
" failure by compare a very low protein diet supplement with keto ac1d to low protein diet
supplement with amino acid. The very low protein diet supplement with keto acid (2 8
g/10kg) caused a smaller reduction of GFR than the diet supplement with ammo ac1d (10
g dally) However Malvy and coworkers (1999) gave the different opinion on _t_he
essential amino acid and ketoanalogues supplementation. They reported that essential
amino acid and ketoanalogues"supplements did not decrease GFR reduction rate when
GFR was below 20 ml/mi_r_r/ 1.73m* compared to the moderated protein_reé.t:rictionr The
ad.\./z.mtageous outcome is to give keto acid and essential amino acid to lower the blood

urea concentrations.

Effects of'arginine on renal functions and the development of glomerulosclerosis in

chronic renal failure

- L-arginine is the physmloglcal precursor of nitric oxide, an endothehal derived
vvasodr]atmg factor. Since nitric oxide is a major reguratory factor of renal vascular
resistance and renal p_lasma flow (Tolins et al., 1990), it is hypothesized that arginine. =~
supplementatiohvw_ould retard the progression of renal failure _th_ropgh nitric oxide action

(Reyes et al., 1992).

Aromme loading can cause an acute rise in 010meru1ar filtration rate, renal plasma
flow | n ammai (Wood ef al., 1986.) and human (Castre lino et af., 1988) throuvh renal
vasodilation. Effects of L- aromme infusion on renal and systemic hemodynamics were
btudled in 12 anesthetrzed doos (Napathorn e/ al | 1992) Dogs were d1v1ded into 2
groups. First group received arginine loadmo at the dosage of 2. 5 mmol/ko The second

group received-arginine loading at tvhe_dosage of 5 mmol/kg. High dose of arginine .
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loading caused significant increase in CO, decreased in 1 PR w1thout significant change
in GFR and RFP while ]ow dose caused slightly increase in’ CO TPK GFR and RPF.

Following 1ndomethac1n 1nfu510n the arginine loading Caused a significant increase in - - . s
CO, TPR, GFR and RPF compat ed with indomethacin infusion period. An increase in

GFR and RPF in low dose group during the arginine ]oadlnor after administrated

indomethacin could be found even though the 1n510n1ﬁcant decrease in CO and TPR
could be detected. 1t could be concluded that an acute arginine loading had dose-
dependent effects on renal hemodynamlcs Thts e\ndence was 1ot corresponded to the

systemtc hemodynamlcs effects (Napathron et a/ 1992).

It has been observed that L-arginine supplementation 1mproved renal functlon in
some expenrnental models of kidney disease. Reyes and coworkers (1992) have recently

reported the effects of dietary supplemented with L-arginine in drinking water on the

progression of lesion in nephrectomized rats. Nephrectomized rats treated with 1% L- R

arginine in drinking water had significantly higher GFR and ERPF value than the control
rats treated with tap water. Fractional sodium excret'tc'nwas lower in nephrectomized rats

treated with L- aromme compared to nephrectomized rats treated with tap water. Remnant

kidney in L-grgmme treated rats had less mesangial cell proliferation and tubular or

interstitial tn_otphological alteration.

Dietary supplement with L-arginine limits the early phase of cell pv'rel.iferation in
the remnant glomerulus (Inoram et al, 1995). Immunohistochemical analysis for
prohferatlnU cell nuclear antigen (PCNA) expression and endothelm 1 were preformed 1n
-;,"the 5/6 nephrectomized rats. Additional 1% L-aginine in d.rmkx_ng water induced a

decrease in the proliferating cell nuclear antigen expressicn- (.P.CNA) in the remnant
" glomerulus associated w1th declined in mRNA levels and protein expression for

endothelin-1. These observattons suggested that the early reduction in cell proliferation

and endothelial-1 express10n may be responsible for the attenuation of 010meruloscler031s_ el

in renal ablation rats recewmo 1% L- aromlne m drlnkmo water. (Ingram e al; ]995)
g




CHAPTER 111

MATERIALS AND METHODS

The experiment was performed on male Spraque Dawley rats, weighing between
200-300 g. Rats were fed ad libitum with standard rat chow (CP, Thailand) containing

24% protein and allowed free access of tap water.

Experimental protocol

The 5/6 nephrectomized rats were used as the model for chronic renal failure.
_ Rats were divided into 4 groups. Group 1(n=8) was sham operated rats (SOR). Group 2
(n = 8) was served as control nephrectomized rats (CNR). Group 3 and 4 (n = 8) were
5/6 nephrectomized rats fed with cereal éupn}ement (Nutriblend®) at the dosage of 0.03
g/ rat (LNR) and 0.06 g/ rat (HNR) daily, respectively. The cereal was dissolved in 1 ml.
of water. Before operation, rats were placed in a metabolic cage to collect urine for 24
hours. The 24 hour urine samples were used for measurement of urinary
protein/creatinine ratio. Blood samples were collected by cutting tip of rat’s tail for
measurements of glucose, urea nitrogen and packed cell volume. After blood collection,
rats in group 1 underwent sham operation while group 2, 3 and 4 underwent 5/6
nephrectomy. After the operation each rat was kept in the individual cage fed ad libitum
with standard rat chow (CP, Thailand) containing 24% protein and allowed tap water for
5 weeks. The cereal supplement for rats in LNR and HNR were force feeding once a day
starting 1 day after surgery for 5 weeks. Before renal function study, rats were place in
metabolic cage for 24 hours. At the end of 5 weeks all rats underwent renal function
study. After 5 weeks, nephrectomized rats underwent renal function study. The left
kidney of each rat was collected for morphological study at the end of renal function

study.



Opemtrve procedure of 5/6 nephrectomy
- After first 24 hour urine collectlon thé rat was anesthetrzed by rntraperltoneal

anCCtIOl’l with sodium pentobarbrta (Nembutal ®) 60 ma/k0 body weight (BW) Before

reml ablatron 50ul of blood was collected by cuttm0 the tail’s t1p and allowed to drop
'. lnto a heparinized tube for determination of blood urea. nitrogen concentratlon and stored
at -20°C prior to brochem1cal measurement Sham operatlon was performed in 8 rats in
 which the abdomen was opened and both kidneys were moved baCK.-and forth In Oroup
2,3 and 4 rats, through a small mid-abdominal i 1n01s1on rlc'ht kldneys were removed and

- two of three branches of the left renal artery were lroated

" Operatlve procedure of renal cle‘u ance study

After 5 weeks of treatment the rats were anesthetized by mtrapentoneal 1nject10n
, ”W]'[h a comb1nat10n of ketamme hydrocnlorrde (70 mg/kg) and xylazme hydrochlortde (7 |
m:,/ko) Tracheotomy was carrled out and a short piece of PE 240 catheter was mserted
into the trachea for aspirating secretion and used as an artificial airway. The right femoral g
artery and vein were cannulated with PE5S0 catheters. The right femoral artery was used
1o monltor arterial blood p'ressure by connecting to a pressure transducer and a Glass
polygraph recorder. A polyethylene catheter was cannulated into the nght femoral veln
for mfus1on of1nul1n and PAH solution. The left femoral artery was used for blood
'. samplmg. .Thelabdomlr_nal midline incision was performed and both ureters were carefully
located (sham group) while the PE 10 catheter was inserted for urine collection. In groupv n
2,3 and 4 only left ureter was cannulated for collecting urine. Urine was collected into a

pre—weighed‘_eppendOrf. '

Renal clearance study _ _

Clearance study was started by infusing a mixture ofl 0 g mulm 0.1g PAH, 6g
manmto I and normal sahne at the rate ofO 0lml. per kg BW per hour contmuousny for 45 o
mmutes to stablhze plasma inulin and PAH concentrations. : _ ' _

After equ1hbratron period, three times of urine collectron along with arterial blood 5

' samplmU at midpoint of urine collectton were performed Each urine collectlon period )

was 20 mmutes Urine volume was estrmated trom the weight chanoes ofpre weighed



eppendort. Blood sample was used to determine packed cell volume. Serum and urine’ "

were kept at—20°" for further analysis.

Vlorphologlcal study _ s

. Following renal clearance study, each kidney was fixed in srtu by perfusmu with
normal saline followed by 18% Ulutataraldehyde in 0.02 M cacodylate buffer (pH=72)
and then % Olutaraldehyde n0.1M cacodylate buffer (pH = 7.2), respectively. All
kidneys Were collected and peritoneal fat freed. The kidney cortical area was dlce mto a
small pieces (l X ]mm.) and was postfixed in 3% cacodylate buffer. Tissue blocks w__e_r___e___
processed for eleetron microscopic study (Hostetter etal., 198 1). The remaining kidney.f.-_'-";.:.
further fixed in 10% buffered fomalin solution and processed for histological evaluation.
Paraffin sections were stalned with Hematoxilin and Eosin (H&E) and treated with

Periodic Acid Shift reagent (PAS)

Determination of blood a'nd urine samples

: " Plasma and urine from clearance test were used for determination of
concentratrons of inulin, PAH, electrolytes and creatinine along wrth ‘osmolarity. The
inulin concentratron was determined by the Antrone method as descnbed by Young and
Raisz (1952). The PAH concentration was determined by the method ofBru_n_(l951).
Sodium and potassium in plasma and urine were determined by using flame .bhotometry
(Flame photometer 410C Ciba Corning, Inc.). ""he chloride concentration was measured
by using Chorldometer (Chlurlde analyzer 925, Ciba cormno Inc.). The creatinine .
concentration was analyzed by colorimetric method usm0 Jaffe reaction (Hawk et al
. 1954). The osmolality was mea%ured by freezing-point depression osmometer. Packed
W"cell volume was determined usmo the microcentrifugation method The plasma urea
mtrooen concentration was ana yzed by colorimetric method of thcher and Lapointe
(1962) using diacetyl monoxime reagent for color development. P;asm_a glucose
concentration was determined by Kodak EKTA CHEM DT60. Protein eoncentration n

urine was_measured"by coloricmeter after precipitation with 3% sulfosalicylic acid.



Calculation
Mean arterial blood pressure (MAP)
Pulse pressure (PP)

Glomerular filtration rate (GFR)

Effective renal plasma flow (ERPF)
Effective renal blood flow (ERBF)
Filtration fraction (FF)

Renal vascular resistance (RVR)
Urinary electrolyte excretion

Fractional excretion of electrolyte (FEe)

Data analysis

il

il
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DP+ 1/3(PP)
SP-DP

UinV
Pin

UpanV

Ppan

ERPF x 100

(1-PCV)
GFR x 100
ERPF
MAP
ERBF

UeV

UeV/Pe x 100

GFR

The data were presented as mean = SEM except for the urinary protein-creatinine

ratio which was shown as median. Data were statistically compared by paired t-test

within the same group. The parametric results were considered to be statistically

significant difference when the p value was less than 0.05. One-way analysis of variance

(ANOVA) was used to determine the differences among the 4 groups. Duncan’s multiple

range test was used for pairwise comparison. Kruskal-Wallis one-way analysis of

variance rank test was used to analyze non-parametric parameters. Dunnett’s method was

used for pairwise comparisons among two treatments groups.



" CHAPTER IV
© RESULTS

' Body welght _ _ )
Bl The body werghts before and after treatment in each group of rats are presented iz
_ "T,abl Before treatment, the average body we10ht of SOR CNR LNR and HNR were |
4957 00 + 921g, 230. 25 + 16.61g, 230.00 + 5. 98g and 235. 00 + -10.52g, respectrvely ;
2 After 5 Weeks of treatment sromﬁcart (P<O 05) weight 0ams ‘were observed in every "
~group of rats regardless of different treatment. The value were 369 00 £ lO 91g, 354. 25 3}
10 67g, 356 25 t8 220 and 341.25 £ 7.67¢g in. SOR, CNR, LNR. and HNR respectrvely E "

There were no srvmﬁcant drfferences of body weight among rat 0roups

.Plasma urea and cxeatmme concentr atron : _ :

_ The plasma urea concentrations before and after treatment in each group of rats
are shown in Table 1. Before treatment, the average 1 nlasrna urea concentratton of rats 1n.___ "
| SOR, CNR- LNR and HNR were 33.29 + 4.86 mg%, 46.98 6.15 mg% 37 75
4.67mg% and 30.95'i'4.96mg%,‘ respectively. After 5 weeks of. treatment, the plasma "
urea concentration .signiﬁ_cantly'. (PV<O.OS) increased in-renal _rnass'redu_ction tats with
ee_real supplementation, 101.18 + 15.17 mg% in LNR, and 75.93 _J_r'.7.37mg%'i.n HNR.
_:'The plasma urea concentration in LNR, although higher than HNR but nvas not .

significant difference. (Table 1)

| Aﬁer 5 weeks of treatment the plasrr‘a creatinine concentratien were signiﬂeantly "
higher in. renal mass reductlon rats with cereal supplementatron (0.70 £ 0. 05 in LNR
group and 0.67 £ 0.06 in HNR group) tharn the value of 0.44 £ 0. 04 mO% in SOR group
(P<0. 05) (Table 1, FlU 1). The plasma ueatrnme concentratron ot O 56 +£ 0. O9m<7% in -

CNR group was not srgnr_fcantly dtfferent from those of the other (Table__l, Fig. 1). =
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Figure1. Plasma creatinine concentration (mg%)
in four groups of rats after 5 weeks treatment.

Data reported as mean + SEM

a,b mean with different superscripts differ significantly (P<0.05)

SOR = sham operated rats; CNR = control nephrectomized rats,
LNR = low dose supplement nephrectomized rats;

HNR = high dose supplement nephrectomized rats

Packed cell volume

The packed cell volume before and after treatments in each group of rats are
presented in Table | Before treatment, the average PCV of rats in SOR, CNR, LNR and
HNR were 49 + 2%, 53 + 1%, 50 + 1% and 53 4 1%, respectively. After 5 weeks of
treatment. the PCV in renal mass reduction rats either with or without cereal
supplementation (41.5 4+ 2% in CNR, 35 = 3% in LNR and 39 + 2% in HNR)
significantly (P<0.05) decreased (Table 1. Fig. 2) An mnsignificant decrease (13.68%) of

PCV was observed after treatment in SOR (Fig. 2).
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Plasma glucosezconcentral.ion ‘

| Plasma 01ucose concentrat1ons before and after treatment in each group of rats are
presented in Table 1 Before treatment; the average plasma glucose concentrat1on of
SOR, CNR LNR and HNR were 7437 £ 6.25 mg%, 67.13 + 5.80 mg%, 6537 £ 5.53
mg% and 60.50 + 6.3_] mg%, respectlvely_v .Aﬁer 5 weeks of lreatment, the plasma
g'lucose corlcentration were significantly (P<0. 05) higher in renal mass reduction with
cereal supplementatlon rats (87.87 £.5.61mg% 1 in LNR and 92. 37 9.92 mo%' in HNR)
(Table 1). EventhOUOh ‘the plasma glucose concentration were 22. 18% and 25 8%
mcreased_ after treatment in SOR and CNR, respec’mvely the dlfferences were not

significant (Fig. 3).

before treatment
after treatment

50 A

40

BOl

packed cell volume (%)

104 -

SOR CNR LNR " HNR

Figure 2-Packed cell volume in four groups of rats before and after treatment

Data reported as mean + SEM

* means differs Slgmflcantly from those before treatment (P<0.05)
SOR = sham operated rats; CNR = controt nephrectomlzed rats;
LNR = low dose supplement nephreclomlzed rats;
HNR = high dose supplement nephrectomized rats
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Figure 3. Blood glucose concentration in four groups of rats
before and after treatment.

Dala reported as mean + SEM

" means datain the same group differs sigrificantly(P<0 05)
SOR = sham operated rats. CNR = contro!l nephrectomized rats:
LNR = lowdose supplement nephrectomized rats;

HNR = high dose supplement nephrectom:zed rats

Urinary protein-creatinine ratio

The urinary protein-creatinine ratios before and after treatment in each group of
rats are reported as median value in Table 1. The pretreatment value of 1.46, 1.11, 2.41
and 213 and the 5 weeks post-treatment valuc of 3.83, 3.52, 2.16 and 1.36 were reported

in SOR, CNR, LNR and HNR, respectively. The significant differences were not noted.

Blood pH
After 5 weeks of treatment, the mean of blood pH were 7.30 £ 0.03, 7.25 = 0.04,
732+ 001 and 7.30 £ 0.02 in SOR, CNR. LNR and HNR groups, respectivel)r,. which

were not significantly different from each other



Table 1. Body weight, plasma urea concentration, plasma creatinine concentratlon, packed cell
volume, blood glucose concentration, urinary protein-creatinine mtm_(md blood pH in sham

operated rats and in nephrectomized rats with and without supplemenmtlon hetore and after S
weeks ot tredtment.

SOR CNR INR [ .. HNR

- | Before | Atter Before After Betore | After . " Before After
Body weight(g) [ 257 + 369 + 23025+ | 35425+ | 23000 | 35625+ | 23500+ | 34125+
S em 10.91% 16.61 10.67% | +598 8.22% 10.52 7.67*
Plasma urea 3329+ | 5458+ | 4698+ | 38007+ | 3775+ | 10118+ | 3095+ | 7593+
concentration (mg%) |  4.86 6.41° 6.15 16.48° 4.67 1517 4.96 737%
Plasima creatinine - 044t | - ot - 070 + - 067+
(ng%) 0.04% 0.09 0.05° 0.06°
Packed cell volume | 49 %2 438 ] 53+ 415+2% | S0+ | 35+3* S3t 02 0%
(%)
 Blood elucose 7437+ | 90875+ | 6713 | 8114+ | 6537+ | 8787+ | 6050+ | 9237+
concentration (mg%) 6.23 7.91 3.80 ‘ 9.98 5.33 5.61% 6.31 9.92*
Urinary protein- 1.46 383 " A (- R382 2.41 2.16 2.13 1.36
creatiune rato** Y/ . R
BloodpH [ - 730 % - R S - 7.32 #0.01 - '-"."7.3__0' o |
003 (.04 0

Data reported as means + SEM
" data in the same row with difterent superscripts difler stenilicantly (P<0.03)
* means differ significantly rom those before treatiment (P< 0.001): ** datas reported as median
SOR= Sham operated rats; CNR= Control nephrectomized ruts: LNR= Low dose supplement nephrectomized rats;
HNR = IHigh dose supplement nephrectomized rats

\rterial blood pressure

'._Systolic arterial pressure, diastolic arterial pressure,_ mean arterial pressure and
heéirt'._.:r:ét.e after S weeks of treatment are reported i Table 2 .Aﬁer 5 weeks of treatment,

the average systolic arterial pressure in SOR, CNR, LNR and HNR were 103 + 8 mmHg,

117 + 7 mmHg, 107 £ 7 mmHg and 110 = 7 mmHg, respectively. Diastolic arterial
pressure in SOR, CNR;_LNR and HNR were 77 £ 5 mmHg, 85 + 7 mmHg, 83 + 7v'_vmvag

and 80 + 6 mmHg, réspect_ivd_y. Mean arterial pressure iﬁ SOR, CNR, LNR a,'nd. HNR

were 87 £ 8 mmHg, 96 *7 mmHo 91 + 7mmHg and 87 + 5 mmHg, respectively:.:-_Th'._e___.'_:-':_._- B
average heart. rate in SOR, CT\JR L\IR and HNR were 241 + 23 beats/mm 233 & PRERE

beats/min, 714 I) beats/mm and 218 = 16 beats/min, respectively. No swmﬂcaqt

differences of the SP Dr MAP and HR were found among all groups of rats.-
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Table 2. Arterial blood pressure and heart rate in four groups of rats after 5 weeks treatment.

SOR CNR LNR HNR
SP(mmHg) 103 +8 17+7 107 + 7 110 +7
DP(mmtg) 77+5 85+ 7 83 +7 80+6
MAP(mmHg) | 87 +8 96 + 7 91 +7 87+5
HR(beats/min) | 241 + 23 233+ 12 214 + 13 218+ 16

Data reported as mean + SEM

SP = Swvs:olic arterial pressure; DP = Diastolic artcrial pressure: PP = Pulse pressure; MAP = Means arterial
pressure: HR = Heart rate

SOR= Sham operated rats; CNR= Control nephrectomized rats; LNR= Low dose supplement nephrectomized rats;
HNR = High dose supplement nephrectormized rats

Renal hemodynamics

The renal hemodynamic values measured from both kidneys and from the left
kidney of rats in the SOR, from the left remnant kidney of rats in the CNR, LNR and
HNR are presented in Table 3.

The urine flow rate obtained froni both kidneys of rats in the SOR group, 0.053 +
0.006 ml/min, and from the remnant kidney of rats in HNR group, 0.053 + 0.004 ml/min
were significantly higher than that obtained from the left kidney of rats in the SOR group,
0025 £ 0.034 ml/min. The urine flow rate of the remnant kidney of rats decreased by
4722 % in CNR (0.036 £ 0.004 ml/min) and 57.18% in LNR (0.033 + 0.008 ml/min)
when compared to those of HNR and from both kidneys of SOR, though not significant
difference (Table 3, Fig. 4). The CNR and LNR still had 46.94% and 36.36% higher

urine tlow rate than that of the left kidney alone in the SOR (Fig. 4)

The GFR of 2.19 & 0.30 pl/g/min from both kidneys of rats in the SOR was
significantly higher than those of the left kidney of rats in the same group (1.01 + 0.11
wl/¢/min) and remnant kidney of rats in the CNR (1.16 £ 0.13 pil/g/min) and the LNR
(1.08 +0.19 pl/g/min) (Table 3). Eventhough the GFR of 1.57 £ 0.35 pl/g/min from the

remnant kidney of rats in the HNR was not significant difference from those of the other,
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it wa'g's 5.44%, 35.34% and 4_:5}._3__7%, respectively, higher than that of thé left kidney alone
in the SOR (Table 3, Fig. 4) o )

The change of ERPF and ERBF were consisten.ty.' evident among thesé"‘group of
rats (Table 3). The values (ERPF= 11 4 + 1.19 ul/g/min; ERBF -19.61 +2.07 ul/g/min)

obtained from both kxdneys of rats on the SOR and from remnant kldney of rats in HNR_Z v

60

I

50

o

30

20 4

"
TR ——

urine flow rate (ul/min)
glomerular filtration rate (ul/min)

Figure 4. Uriné-‘ flow rate, glome?ulér filtration rate,effective renal plasma flow,
effective renal blood flow, filtration fraction in four groups of rats

data reported as mean + SEM

a, b mean with dlfferent superscripts differ 51gn|f|cant[y(P<O 05)
SOR = sham operated rats; CNR = control nephrectomized rats;
LNR = low dose supplement nephrectomjzed rats:

HNR = high dose supplement nephrectomized rats
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(ERPEF=1217 + 2. 80 'u]/g/min' ERBF=19.05 + 4.46 ul/g/min) were sicnifcant (P<0.05)
higher than those of the 1eft kidney alone in the SOR (ERPF= 5.07 % O 59 ul/O/mm
ERBF= 834 + 0.89 pl/:,/mm) and remnant kidney from LNR (ERPF 449 0.84
ul/g/min; ERBF= 6.27 + 1.29 HI/O/mm) The low values (ERPF=6.99 + 1. 22 u/c/mm
ERBF= 1215 + 217 LL]/U/mm) obtained from the remnant kldney of rats in the CNRI

were not significant difference from those of the others. (Table 3, Fig. 4).

- There was no significant difference among the filtration fraction calculated
";from both kidneys (20.36 + 2.54 %) and the left k]dney (22.02 £ 2.71 %) of rats in the
/ ..b(.)R and from the remnant kidney of rats in the C‘NR (22.53 £5.46 %). The LNR (30.56
£ 6 87 %) tend to have higher and HNR (15.29 + 2‘3_9 %) had slightly lower filtration

fraction compared to CNR.

Renal vascular resistance

EventhouOh the significant differences were not evident, the RVR of the remnant
kidney if rat m the CNR (12.88 + 390 mmHg/ml/min) and LNR (17.46 + 2.55
mmHO/ml/mm) appeared to be higher than those of the remnant kldney m the HNR (6.78
+ 1.57 mmHg/ml/min}, both kidneys (5.26 + 0.92 mmHg/ml/min) and the leﬁ kidney

{(11.91 £ 1.59 mmHg/ml/min) of rats in the SOR (Table 3, Fig. 4).




Tabie 3.

obtained from left kidney and from both kidneys.

Rendl hemodynamics in four groups. of mts The data from sham operated mts were

CNR

SOR(both) SOR(left) .~ LNR
\__'(_;@1/_@@ 0.053 + 0.006 0.025 +0,034° 0.036 +0.004% 0.033 +0.008” 0.053 +0.004”
: "éiéfg(uyg/min) 2.19+0.30° 101+ _0'._1_1" 1.16+0.13° 1.08+0.19° 1.57+0.35"
: 'éi&F(m/g/mm) 1134+1.19° 507059 6.99+1.22" 449+0.84° 1217+2.80°
ERBF ((/g/min) 19.61 +2.07" 834+ 0.89" 1215 217" 6.27+129° 19.05 +4.46°
FF (%) 20.36 +2.54 22.02+2.71 22.53 + 5.46 30.56.+ 6.87 1529+2.39 7
RVR mmHg/ml/min) | 526 £0.92 1191 +1.39 12.88 +3.90 17.459 £2.55 6.78 +1.57

Data reported as mean + SEM
a, b mean data in the same row. with.difference superscripts differ sujmfcantlv (P<O ( 5)
V = Urine flow rate. GFR _Glomerullr filtration rate. ERPF = Effective renal - plasma flow: ERBF =
Effective renal blood flow: FF = Filtration fraction: RVR = Renal vascular resistance.
Low dose supplement nephrectomized rats;

SOR= Shain operated rats; CNR= Control nephrectomized rats: LNR=

HNR = High dose supplemqnij- nephrectomized rats
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renal vascular resistance (mmHg/ml/min)
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SOR CNR LNR HNR

Value from rat in each group
€& Mean+ SEM

Flgure 5. Renal vascular resistance data
' 5 weeks after treatment from each group

a, b mean data with different superscripts differ significantly (P< 0.05)
SOR = sham operated rats; CNR = control nephrectomized rats;

LNR = fow dose supplement nephrectomized rats;

HNR = high dose supplement nephrectomized rats
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Plasma electrolyte concentrations _ _
The” plasma electro yte concentra'tions are presént in Table 4. There Waéf'no
significant difference in plasma sodium concentration among all group of rats (137 87 +

3.0L mEq/ml in SOK 135 00 + 5. 38 mEg/mi CNR 143 87 + 2. ]7 mEq/ml in:LNR and
146.87 £ 2.15 rnEq/ml in HNR). '

The plasma potassmm concentrations of 4. 11 + 039 mEq/ml, 3.25 £ 025
mEq/m] + 0.16 mEq/ml and 3300 2 03] mt:a/ml and the plasma chloride
concentratlon of 130.87 + 5.26 mEq/ml. 120.00 + 6 34 mEq/ml 12987 + 4.1 2'.'}nEq/ml

and ]26 75 + 10.63 mEq/ml were obtained from rats in the SOR, CNR, LNR and HNR

oroups respectxvely, without significant difference (Table 4)

Ulmary excretlon and fractional excretion of electrolyte

* The urtnary sodium excretion value obtained from remnant Kldney of rats in the
HNR (6_ 18 £ 1.55 mEq/min) were sgmucantly (P<0.05) higher than that of th__e:]eft
‘.};E'dney of rats 197 +0.53 mEq/rﬁin) in SOR (table 4). Howeve.r, the differehées were

ot significant when compared to those of the remnant kidney of rats in -the CNR (3.36 +. |

0.58 mEq/mm) LNR (4.56 + 0.97 mEq/min) and in the SOR with both kldneys (4 06 +
0.87 mEq/mm)

X

The urinary potassium’ excretion value obtained from SOR (0.95 + 0.15

" mEg/min),, CNR (0.90 + 013 mEq/min) and HNR (115 + 007 mEq/min) were

:wmﬁcantly (P<0.05) higher than that of the left kidney of the SOR (0.46 + UO8
mEq/mm\ (Table 4). The value obtamed from the remnant kidney of rats in LNR (O 68 +

0.12 mEq/m In) was not \1<7mﬁccmt difference from those of the other except for HNR

(Table 4).

The" urinary chloride excretlon value< of 3.06 £ 0.84 mE__q/..min, 139 + 045
mEq/mm 318 + 1.02 mEqg/min, 2.9.3& 079 mEq/mm and 3.28 + 0.83 mEq/min obtained
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both kldneys and left kidney of SOR, CNR, LNR: and HNR, respectively, Wthh were not_

51gn1ﬁcantly different from each other values (Tab]e 4)

; The fractional sod..i'uvm excretion in the HNR was h[gh '(3 14 + 0.48 %) when
; '___b_._._compared t02.52 £ 040 % in the LNR and 2.57 £ 0.57 % in the CNR The low values of

147 + 043 % and 1.48 + 0.38 % were obtained from SOR 0roup “with both kidneys,
ca lculated from left kidney alone, respectively. No significant differences were found

among rats uroups (Table 4).

The avérage fractional potassium excretion in SOR (both), SOR (left), CNR.;:'L_I.\.].R
and HNR were 11.88 + 2 47% 12.37 4 2.72%.28.16 + 6.00%, 17.93 + 3.20% and 25.89

+ 3 .46%, respectively. Fractlonal potawum excretion in SOR (both) and SOR (left) were

significantly (P< 0.05) Iower than in CNR. Fractional potassmm excretion in SOR (both) -

was slightly lower wheq compared to LNR and HNR but not significant. There was no
significant difference of .fr.actional potassiuim excretion between CNR, LNR and HNR.
Fractional potassium excretion in HNR was significant higher (P<0.05) than in SOR
_;_-_(leﬁ) :

The fractional chloride excrenon values of 1.28 + 0.51%, 1. IO O 37%, 1.83 +
0. 52% 1.56 £0.32% and 38 +0.29% were obtained from both kldneys aqd_ left kidney
of SOR, CNR, LNR and HNK, respectively, which were not signiﬂcant.ly different

among four groups (Table 4).

Urinary and plasma’@srﬁoiarity ratio
v The urinary and plasma OSmolmitv ratio of 1.66 £ 031, 182 +040, 1.52 + 0.21
and 159 + 923 obtained from the SOR. CNR, LNR and HNR, respectxvely were not

"}momﬁcantlv different from each othez (Table 4).




Table 4. Plasma clectrolyte concentrations, urinary excretmn .md h actional excretion of electmlyte,
_and urinary and plasma osmolality ratio of four- er oups of rats after 5 weeks treatment. The

(_I_Atd_ from sham operated rats obtained fmm le_tt_]_qdney and from both Kkidneys
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SOR (both) | SOR (lefi) | CNR LNR HNR
g:_N_a_.(xalEq/l111) [37.87£3.01 | - [ 13500 £538 | 143.87% 2,17 | 14687 & 215
PK (mEgq/ml) 411£039 | - 3.25+£0.25 3.61% 0.16 | 384031
P Cl (mEq/mi) 130.87£526 [ - . 120.00 +6.34 129.87 + 4.12° '_-:_126_75 + 10.63
UNaV (mEq/min) | 4.06 +0.87 [ 1,97.40.53" 3.36 + 0.58% 456 + Ov-,97'f’*v** “16.18 + 1.55°
UK V (mEq/min) | 0.95 +0.15™ 0464008 0.90 +0.13™ 0.68+0.12% . [ 1.15+0.065°
UCLV (mEq/min) | 3.06 £0.84° [-139 +0.45 318+ 1.02 2.93+0.79 3.28 + 0.83

"FE Na (%) 147 +043 | 1484038 : 257+0.57 252+ 040 3144048

| FEK (%) 11.88+2.47% | 1237 +2.72° | 28.16 + 6.00° 17.93 + 3.20™° | 25.89 + 3 46%

FE Cl (%) 128+051 | 1.10+037 1.83 +0.52 1.56 + 0.32 1384 0.29
166 +031 |- 1.82 +0.40 2 i_.szio,zl 1.59 +0.23

Uosm / Posm

Data reported as mean, + SEM

i hoe

Iractxoual )
concentratioil; PCl=

SOR= Sham operated rats; CNR= Control nephrectomized rats: LNR= Low dose supplemented-nephrectomized raf_\

P Na =

mean data in'the same row with different superscripts dnfcr Sigjmixc(mtl\ (P<0.03)
UNa V = Urinary 6\crellon of sodium: UK V-
of chloride; FE. Na = Fraclional excretion of sodium: FE K =
\cretxon of chloride:

= Urinary excretion of, potassium: UCH V = Urinary excretion
Fiactional excretion of potassium; FE Cl =

Plasma sodium concenuration: P K = Plasma potassium .~ .

Plasma chloride concentration: Uosm/Posm = Urinary and plasma osmolality ra'tio R

HNR = [igh dose supplemented nephrectomized rats




Light microscopic studies
Sham operated group

Glomeralus from sham group was gencrally normal (Fig 6) Theee out of eight rats had
blood congested in the glomentlus. The glomerular capillaries from 2/8 rats were dilated
Pule pink round droplets with PAS ncegative wene observed in some glomenslar spaces
Ihe proximal epithelial lining immediately underneath the renal capsule in thwee rats
ileveloped vacuolization (Fig 7) Hyaline casts were found in the proximal tubular lumen
(Figure 7). Thick section {1pm) showed congested glomerulus with normal structure
Proximal tubular epithelium displayed spongy changes (Fig 8)

Fignre 6. Sham: the glomeralus appeared normal Pale pink rousd droplets (arrows)
were observed in glomeralar space (HEE, 40x)



A e
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Figure B, Sham' thick section showed glomerular congestion. Other structure of
ylomerulus appeared normal Vacuolization of the proximal epithelial was also observed
[ Toluidine blue, 40x)




Control nephrectomized group

Ore kidney developed massive necrosis, The remaining nephroos in that kidney had
abnormal glamerular steucture, with by percellularity and numerous hyaline droplets in
the proximal epithelivm. The other kidneys (3/8 rats) had developed dilnted glomeruli
{Fie 9) while 2/8 rats had focal glomerular shrinkage thus widen the glomerular space
{Fig. 9). In addition, pale, pink, PAS negative round droplets were abserved in the
glomerular space Thick section showed glomerular hypercellularity and collapsed
capillaries (Fig. 10) Proximal and distal tubisles developed dilation in $/8 rats (Fig. 11),
Homogeneous casts, PAS negative, were found in some tubular lumen. Some proximal
twbular cells m 4 out of eight rats had dark dense nuclel while some were sloughing off
(Fig 12) Also intertubuler edera was observed (Fig. 12) Six rats had a fow hyaline
droplets in the proximal epithelial cell (Fig. 13)

Figure 9, Control nephrectomized: glomerular shrinkage thus widen the glomerular
spuce Dilated capillaries (C) were observed. Pale. pink droplets {arrow) were found in
the glomerular space (H&E, 40x).



Figure 10, Control nephrectomized. thick section showed swelling of glomerular
epithelium (arrow). Collapsed capillaries were also obeerved (armow head) (Toluidine
blue, 100x).

Figure 11. Control nephreciomired: proximal and distal tubular dilation were observed
with casts in the proximal tubular lumen (stars) (HEE, 10x)
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Figure 12. Control nephrectoniized some proximal tubular cell developed dark dense
muciel {arrows) while some were sloughing off. Intertubular edema (stars) was also
observed (H&E, 30x).

.

Figure 13, Control nephrectomized. hyaline droplets were found in the proximal tubulbar
cell {mmrows) (PAS, #0x)




Low dose cerenl supplement nephrectomized growp

2/8 Rats developed severe glomerular alterations. The changes were unevenly distributed
Some glomenull had swollen podocyte that leached and fused with the adjacent podocytes
(Fig 14, 15) In additson, glomerular capillary dilation in 3/8 rats and hypercellularity in
278 rats were also observed (Fig 14). Various degrees of proximal snd distal nsbular
dilation were in picture (Fig 16). Shrinkage of glomenili thus widening of glomenular
spaocs were also observed (Fig 16) Proximal epithehial cells in 778 rats developed
vacuclization (2/8 rats) Some proximal lubular cells had dark, dense nuclei while some
were sloughing off. Two oul of enght rais had a few mumbers of kyaline droplets in
proximal epithelial cell. Intenubular edema was also observed

Figare 14. Low dose supplement: partial swollen glomerular epithelium and fusion of
elomerular epithelivm (F) (HEE, 40x).



Figure 15. Low dose supplement: thick section (1yun) showed swollen podocyie
{mrrows). Dalation of glomerular captlinry was also observed (C) (toluidine blue, 40x).

e o0 B & -
Figure 16, Low dose supplement. proximal and distal tubules were dumted. Shrinkage of
glomeruli thus widening of glomerular spaces were observed (G) (HEE, 20x)




High dose cereal supplement nephrectomired group

Dilated glomerull and hypercellularity were observed in 3/8 rats {(Fig. 17) Glomerli of
three s were shrunk thus widening the glomerular space (Fig. 18). A Tew emply
Bowman's capsules were observed Thick sectiom showed swollen podocyte that some
were fused 10 the adjacent ones (Fig 19) Slightly dilated proximal and distal tubular
were observed (n 38 rats (Fig. 20) and some proximal epithelial lining were swollen
Nuclei of the proximal nebuler cells were dark and dense. Intenubalar edema was also
ohserved (Fig 20)

Figure 17, High dose supplement glomerular capillaries were congested and developed
dilation (C) (H&E, 40x)



Figure 18. High dose supplement: glomerahus has collapsed leaving a widely open
glomerular space (HEE, 40x)

Figure 19, High dose supplement: thick section showed swollen podocyte (amows)
Some appeared fused 1o the ndjpcent podocytes (toluiding blue, 40x)



Figure 20, High dose supplement: tubular dilation was observed. Some proximal tubulsr
cells had dark and dense suclei (amows) Intertubular edema (stars) was also observed
(H&E, 40x).
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Control nephrectomized
Podocyte was slightly swollen (F ig. 23) whlle foot processes fus1on was: observed

(Fig. 24) Endothelial cell was swollen and insinuation were present (Fig. 24).
Cytoplasmic debris were found in the capillary lumen (Fig.25). Round droplets ' were.

‘found in the glomerular space (Fig. 25). Proximal epithelium developed vacuollzatlon
, Hyahne droplets were found in the proxnnal ep1the11um T

Figure 23. Control nephrectomxzed endothelial cell msmua’aons (arrows) were present
Podocyte (P) was shghtly swelling (QOOOX) ' .

Fi lgure 24. Control nephrectom1zed endothehal cell swollen (star) and msmuauon (l)

were found. Podocyte foot processes were fused (anfows) (9000x%).
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| :: I‘iaure 25. Control riephrectomized' round electron dense droplets (star) were found in

o the glomerular space. Endothelial cell (E) swollen and cytoplamm debrls (D) were

observed in the capillaty lumen (9000x).

Low dose supplement

Glomerular caplllary dilation (Fig.26) and cytoplasmic debris in Lhe capillary
lumen were observed (Fig. 26,27). Fusion of foot processes of podocytes was. present
(Fig. 26, 27). The endothelial cell was swollen and insinuation was present (Fig 27).

Some podocyte was contained with electron dense droplets (Fig. 28). Proximal -
epithelium developed vacuolization. Hyaline droplets were found in the proxunal
epithelium. Intertubular ecema was also-found (Fig. 29).

& S
Fi lgure 26. Low dose supplement: glomerular capillary appeared dilated (C) and
occasionally fusion of foot processes of podocyte (arrows) were observed. Cytoplasmic
debris (D) were found in the cap_;_l__l__ary lumen (9000x).
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Figure 27. Low dose supplement: insinuation of endotheliél cell was present (I).
Podocyte swelling and fusion of foot processes (arrows) were also found. There were
cytoplasmic debris (D) in'the capillary lumen. (9000x).

Figure 28. Low dose supplement: homogeneous electroﬂ-:d'qnse droplets (R) were found
in the podocyte cytoplasm. Two round electron dense droplets were in the glomerular
space (stars) (9000x). .




Figure 29. Low dose supplement: intertubular edema was present (In). Leukocytes
(arrows)v,we'r:é found in the capillary lumen.

ngh dose supplement

Podocyte was swollen (Fig 30) and filled with electron dense droplets (Fig 31).
The endothelial cell was swollen and insinuation was present (Fig 31). Fusion of foot
processes of podocytes was occasionally observed (Fig. 32). Cytoplamic debris was also
found in the capillary lumen (Fig. 32). Proximal epithelium developed vacuohzauon and
hyaline droplets were found in the cytoplasm. % :

F 1gure30 High dose supplement: podocyte (P) was swo]ien (9000x).
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Figure 31. High dose supplement: endothelium (E) swelling and insinuation (I) was |
oberved. Homogeneous electron dense droplets (R) were found in the podocyte
cytoplasm M= mesanglal cell(9000x).

F igurﬂe 32. High dose supplement: tissue debris (D) were found in the capillary lumen.
-Homogeneous droplet (R) was found in the podocyte cytoplasm and fusion of foot
processes was also found (arrows).; E = endothelial cell (3000x).
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v Z;Iéf"sﬁﬁ]mary, renal structural changes in the CN}?\;_WQ;e_ mild but generalized. The
promixviénf:_z'..".z alteration in the CNR was glomerular cab_.i.l_'1'_‘al'_.f.y'}c:i.:i'lation. Glomerular
alterations of the CNR were similar to those in the LNR andHNR However, swelling of
the podocyte was more pronounce in the LNR and ‘Ijﬂ\_]'i{f;.ij_iubular changes in the CNR
group were mild but generalized. Cereal suppleme_ﬁ:"c-,; both low and high doses caused

similar degree of tubular damage.




CHAPTER V
_ DISCUSSION -

_Renal mass- reductton did not affect the. growth of rats No s1gn1ﬁcant d1fference
n body weight was present among all groups of rat. Renal mass reductlon may cause a
reduce erythropmetm productlon Since the PCV in CNR, LNR and HNR at the end of
'experlment were swmﬁcanﬂy reduced compared to those before suroery “Neither the .

- reduction of renal rnass nor cereal supplement affected blood pH in this study.

_ 'Incfeased serum glucose concentrations after surgery in all gr'.oups were observed.
. The changes may be due to stress induced hyperglycemia. The differences between pre
and post treatment were significantly higher in LNR and HNR. These results suggest that

cereal, rlch in carbohydrate may be the prov1s1on of additional source of olucose

" Renal mass reduction did not have any effect on both blood pressure and:--'he_art
rate. Cereal supplementation both low and high dose, had no effect on both r"neart art-erial
pressure and heart rate. Thus suggested that a renm—anglotensm-aldosterone system mav

not 1nvolve in regulating systemic vascular resistance.

In the present study, the renal functions of rats subjected to 5/6 n'ephr'ect'omy"'
alone (CNR) were diminished. Glomerular filtration rate was significantly redticed.".Renal_
plasma ﬂow was slightly reduced thus ﬁltration fraction did not change “The re'sult's Were

in agreement - w1th Bouby and coworkers (1993) who showed that aﬁer 4-6. weeks of :

- operation, the 5/6 nephrectomized rats had lower level of GFR and ERPF The GFR RPF 2

~and urine flow rate in CNR were similar to-those in the left ktdney.of SOR. Smce the
renal mass in CNR was less than in the left kidney in SOR, this indicated functional

 compensation.

Prev1ous study showed that urmary protem excretlon i Spraoue Dawley rats

~ subjected to 5/6 nephrectomy was mcreased Wlthln 30 days after surolcal operatton



(Orrsroetal 1993).» Serum creatinine concen'trav_t_ion also progressively increased. In this
study, serum creatinine and urea concentrations'i_grer_e';_ similar to those in SOR. Also the
urinary protein-creatinine ratio was similar to thos‘e.'"in':'SOR The different degree of renal |
impairment would be the results of different degree of morpholocnca alteration since in

the present study- the focal segmental glomerulosclerosis was not found in CNR.

In this study at. 5 Weeks after 5/6 nephrectomy, 0lomeruh in remnant kidney of
CNR group underwent numerous changes. Glomerular capvllary dllatlon was observed

under the light microscopic examination. Fusion of foot processes under electron

. microscopic examination suggested podocyte damages. However, glomeruiar basement

. .membrane detachment was not revealed which was in concert with an unaltered urinary

'-_.-__protem-creatmme ratio. Since hlstopathoiooy was performed only 5 weeks after surgery,
changes of glomerular basement membrane may be obscured. The duratlon -aﬂer
nephrectomy may: have the effect on progression of glomeruloscleros1s Previous sLudy:z
- showed that rats with remnant kidney had focal segmental glomerulosclerosis affected
only 8% of glomeruh at day 30, and 24% at day 120 aﬂer nephrectomy (Orisio et al.,

1993). In young rats uninephrectomy caused more’ pronounced compensatory
hypertrophy of the rernnant kidney than in adult follow by a hlgher incidence of focal and
segmental glomerulosclerosis (Okuda ef al., 1987). Nagata a_n_d_._ _an (1992) studied
processes of glomerular hypertrophy in young Spraque-Dawley rats at 12, 24 weeks after
uninephrectomy. They suooesfed that glomerular hypertrophy contributed to local
mesangial expansion, caprhary d}latron and maladaptive change in podocyte structure.
Although changes in podocyte structure were detected, no glomerular hypertrophy was

observed in this study.

' . Tn low dose cereal supplemented, GFR seems to be similar to those-in-'éNR
However renal plasma flow was slightly lower than CNR causing higher filtration

fraction. Renal vascular resistance was also mcreased when compared with CNR. The

results indicated that vasoconstriction may occur-m-- kidney and efferent arteriole was. -

constricted more than afferent arteriole (Dworkin and Brenner, 1995). Slightly reduction
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in -renal blood : flow. ‘and” GFR - caused serum urea and creatinine concentrations

significantly higher in LNR compared to SOR

In h10h dose supplement GFR and RPF were higher than CNR. The degree of
; rncrease in RPF is much hrgher than GFR causmg a reductlon in filtration fraction. The
renal vascular re31stance 1s reduced to’ s1mllar Values fo rats wrth both kidneys which
~ indicated that pronounced vasodilation occur in remnant kldney Efferent arteriole

v 'dllatlon was ‘a prime event causing a reduction m ﬁltratron fractaon (Dworkln and
Brenner 1995). Increased RPF was contributed to hloher urme ﬂow rate and urrnary'
.‘excretlon of all electrolytes with higher urea excretion at renal tubular cell. The urea
washout in HNR may be responsible for lower plasma urea and crea‘umne.con_centrations
when coxnpared to LNR Increase urine flow rate in HNR may be due to renal
-vasodilation or due to an increase in water intake after cereal supple'nent Unfortunately =

water 1ntake was not measured in this study.

The lowermg renal vascular resistance in HNR may be due to some nutrrents m‘
the cereal. Vos and coworkers ( (2001) reported that renal allocrafted rats given 1% L-
'aromrne in drmkmg water had lower renal vascular resistance compared to those wrthour |
supplernent. However, in ‘their study L-arginine is very high (1g L-arginine in 100 ml
drinking .'v'vater):. compared:with our study (0.348 mg/rats/day). Therefore, other fectors '

-rather than arginine may be responsible for renal vasodilation in this study.

Urinary - sodium’ excretion in HNR was slightly higher. than' in ‘CNR while-

fractional excretions of sodium were similar between CNR and HNR. This indicated that

more electrolytes were excreted in HNR compared to CNR, which may be due to highe_r' |

plasma_' flow rate and GFR through nephron. Urinary potassium excretions.in HNR: were: -

ightly higher compared to those in CNR while fractional electrolyte excretio’ns' were'
similar between HNR and CNR. An increase in potassium excretlon was consrstent to an .
increase in urine flow rate m HNR. Therefore an merease in urine ﬂow rate ‘was

responsrble for hrgher potassrum excremon
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Structural altera‘uons in LNR and HNR showed proximal and dxsta tubular
dilation and degeneration of some tubular eplthellum which was consistent with the high

urinary electrolyte excretion. Although Olomerular capillary dllatlon were observed in

some crlomeruh shrinkage of some glomeruli were also present. It__ s"' suggested that
Vvarious de_g_rees of glomerular alteration had occurred in this mo,_(:l_.e_l..-- Round, pink and
PAS negetiVe droplets were found in the glomerular space in dll’v’é'r_'oups of rat could be

inulin that filtered from plasmaf".Hyaline droplets, which found in the proximal

. epithelium of rats from every group, could be protein reabsorbed from the tubular lumen, .

- which was reported pr eVlOUSlY by Confer and Panciera (1995). Electron m1crosoop1c"';.;'.:,'":"'
_.-_"exammatlon of all nephrectomized rats showed swollen of endothelial cell that caused

.__'-'_:"_'narrowmg of capillary lumen. Fragmentation of endothellal cytoplasm was also observed.

" These changes suggested that altered endothelial cell ultrafiltration function may occur.

Round electron dense. d'r.olplets that found in podocyte of the LNR and HNR. culd be
reabsorpt1on droplets The mesangial cells of rats in the HNR appeared normal These

results were consistent with the undetectable proteinuria.

- . In conclusion, low dose cereal supplement did not improve renal function in 5/6
neplj_r__e__ctomized rats whiie high dose cereal supplement increased:'G_ER and ERPF. There
i_s‘_.'___q_c'_') ‘evidence that cereal supplement, both low and high do‘s__g_:'s_"f'prevent the structural

| eh'anges in remnant kidney of 5/6 nephrectomized rats. Furthef;'etudy should be done in

long term to evaluate the effects of cereal supplement on renal structural changes. The’._;.-*---. o

component of cereal that responsible for renal vasodilation should be further determined..
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APPENDIX A

Ingredients:’""._-.:"' '

CargoRlceFlour 30.0%
Corn flour * o 30.0%
Short Grain Rice Flour 30.0%
Soya flour e £ 9.98%
Spirulina A 0.02%



APPENDiX B

' .Nutritional faCtbrs in Nutriblend ® :

Crude protein - 8.45%. -
Total fat . N 1.16%
Moisturé':‘w';i_f.f-f_'___ . o 5.25%
- Sodium o o0s3%
 NaCl 2.10% o

.""vEnergy | 372.24 kcal/100g |
Ca«r_bovhydrate 82%
Wtaﬁii’g E 0.54 ppm
Vitamin Bl 4.62 ppm
Vitamin B2 . 0.71 ppm -
Vitamin B6 008 ppm
Ni'a.(':vin 0.76 ppm
Pantotﬁénic acid g 6.35 ppm
Copper i 2.66 ppm -
Iron 8.11 ppm

. Manganese -~ 8.69 ppm
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APPENDIX C
Amino acid in Nutriblend ® (% of protein):

0.945%
Serine 0.569%
Glutamic acid 1.310%
Glycine .o 0.343%
Alanine £} 0.482%
Cystine ‘ A 0.229%
Valine o TR e
Methionine [ 0.255%
Iso-leucine 0.287%
~ Leucine 0.745%
Tyrosine 0271%
~ Phenylalanine 0200%
. Histidine 0210%
_':_.Lysine 0283%
| Arginine 0.412%

Tryptophan 0.092%
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