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CLINICAL STUDY

PERITUBULAR CAPILLARY FLOW
DETERMINES TUBULOINTERSTITIAL DISEASE
IN IDIOPATHIC NEPHROTIC SYNDROME -

Narisa Futrakul, Saowar
Dhevy Watana, Aimon
Pornchai Kingwatanak

ajanee Sensirivatana,
Watanapenphaibul

Faculty of Medicine,

The spatial relationship be renal erfusi d nephronal structure
was determined in 51 ne q i pa C ing of 11 patients with
: hrosis, 12 patients with ster-
oid resistant, mesangml px;o_‘}iff.gt?}ﬁ? (MésP) nephrosis and without
tubulointerstitial fibhosis (TIF) 11 pat (i Oid resistant, MesP
nephrosis and with! fgw-grade i anda-t7/ pati nis W focal segmental
glomerulosclerosis ( T ﬁ'" mic study revealed
a unique correlatio I ephronal structure.
A normal or slight red,uglnon in pentu lar capillary flow observed in
MC or mnldﬂﬁm ﬁﬂﬁwrﬂm{ Iulomterstmal
structure. A educ ﬂ observed in
steroid resnsta%(‘ MesP nephrosis induces a_low mcxdenc f TIF. A

e CHOB Eagmbebe oot o e

the reduétion in renal perfusion precedes the development of tubulo-
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body weight (kg) x 4+ 7
90 + body weight (kg)

Body surface area =

Vascular Function (Hemodynamic Assessment)

Simultancous assessments of effective renal plasma flow (RPF) using
13 ]-labeled orthoiodohippuric acid (hippuran) and of glomerular filtration
rate (GFR) using **™Tc-labeled DTPA were determined by injecting the
iabeled materials intravenously into the left antecubital vein at zero time.
A peritubular capillary flow (PTC erived from the substraction of

\i

mens by the method des
in 4% buffered formali

(PAS), silver methenami
sections were prepared fr

pathologist who had no
information legardmg the hem@ugp ic walue of each individual. The
wxdemng of llltClStlthm was dssessed'/b_.m nt technique using a

Anne . in the renal cortex
agnification and the

which was ascertained -
result obtained was expre sed as percen i

f usa,:amm LN
e m@:ﬂmmmmm Bfriables was

The dlfference between groups was performed by Student’s unpaired t-test.
The linear regression analysis was used to correlate two quantitative vari-
ables. The scatter plot was the first step to correlate between two continuous
variables. The Pearson correlation coefficient ( r ) was used to quantify the
strength of the linear relationship. The method of least square was calculated
to estimate the regression equation (y = a + bx) if the scatter plot seemed to
be linear. Some relationship of the scatter plot data which had shown to be
curvilinear, was further analysed to meet the criteria of straight line. P values
below 0.05 were considered to be significant.
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Table 1. Table 1 depicts the correlation between renal perfusion and tubulointerstitial
structure. GFR = glomerular filtration rate, RPF =renal plasma flow. PTCF = peritubular
capillary flow, TIF = tubulointerstitial fibrosis, MC-NS = minimal change nephrosis. MesP-
NS = mesangial proliferative nephrosis, NS-FSGS = nephrosis associated with focal segmental
glomerulosclerosis '

RPF PTCF GFR
mL/min/ mL - min, TIF mL/min/
Patients 1.73m° 1.73m" % 1.73m"
Normal 600 480 0 120
Group [:MC-NS 711 +£92 584 £ 85 0 127+ 26

(steroid-sensitivencess)

Group 2:MesP-NS with no TIF %ﬂ///‘/z +50 0 99 + 14
(steroid-resistance) \:. _
@ ==

Group 3:MesP-NS with TIF 3l + 62 + 78 + 36

w
19

(steroid-resistance) e | e
_ Group 4:NS-FSGS / /84 Xﬁk 58 4 14 6+ 18
(severe)
‘a N .

documented in the steroi
2) and such a mild reductiog
tubulointerstitial fibrosis. Wi

rature nephrosts (group
nerally unable to induce

lis'severe category, such degree of
ubulointerstitial fibrosis. The

precedes—th A

tubulointerstitial ﬁbl’OSliL.jS h 2.6 of Tenal perfusion deficit
inducing tubulointerstitial fibrosis is  well illustzated by the multiple
regression analysis approagh in which dhe peritubular capillary flow 1s

inversely propor r@&r??‘] ﬂbmm %ﬂ?terstitial fibrosis
(Figure 1). The elopmen tubulointerstitial osis would occur as

the reduction in peritubular capilldry flow approaching the fifty per cent
area of norQlWﬁ}za\%lﬁ @%oﬁ%ﬁ@ﬂﬁﬂlﬁ@ow becomes
progressive, there 1s also a steady increase in the incidence of tubulo-
interstitial fibrosis. Such reduction in renal perfusion has been uniquely
observed in a variety of chronic glomerulonephritides5 .

The result of this intrarenal hemodynamic study appears to be some-
what contradictory to the general belief that the nephronal death such as
tubulointerstitial fibrosis is the cause rather than the effect of the renal perfu-
sion deficit. A similar observation to us was also remarked by Bohle and
associates® who had denoted that the degree of tubulointerstitial fibrosis
correlated inversely with the intensity of postglomerular capillary patency.
In addition, Truong and Farhood’ demonstrated in their experimental model
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Dear Sir,
The importance of the hemodynamically
mediated renal disease progression has
emerged inasmuch as the therapeutic inte
vention with immunosuppressive agents
fails to counteract the accepted concept O,
immunologic mechanism as a determinant
of disease progression and to prevent the
severe form of glomerulonephropathy such
as nephrosis associated with focal-segmental
glomerulosclerosis from progressing to end
stage renal failure [1]. In this regard, it has
recently been demonstrated by intrarenal he-
modynamics that a normal renal perfusion is
usually associated with an intact nephronal
structure and function, whereas renal hy
perfusion is a unique characteristic ob
tion documented in severe forms of idi
pathic nephrosis associated with nephron
death such as glomerulosclerosis and tubu-

d
lointerstitial fibrosis [2]. In addition, it is :j EI

notion that there is a progressive reduction .ﬂ:StERed with cr\stal violet. The stained cells
in renal perfusion, as the dise

progresses [3]. This view is deﬁa@ﬂ\’q ﬁ ity (OD ﬁ*ﬁa f]
multiple regression analysis wh ust er plate

strates that the reduction in renal rfusnon Biorad) at 550,nm. The percemage of cyto-

is inversely proportion e toxicity was czlculated b
tubulointerstitial dise u%ﬂe ﬁ ‘; %
Bohle et al. [5] also note her

inverse correlation betwégn lhe relative vol- [! = (ODies:ing — ODrriton \)]
ume of the intertubular capillaries and the OD sseisor— ODtsion
serum creatinine concentration.

The preceding information would raise

in ba:e!i.:&%fgm :
atmosph:ﬁa s.; =

were. mcubated

wnh phosphate-buffered saline and

The results of the endothelial cell cyto-

toxicity could be enhanced by sera from
patients with both mild nephrosis associated
with mesangial prolifeiation (mean 18 £ 9%
versus control 1.8 £ 0.8%) and severc ne-
phrosis associated with focal-segmental glo-
merulosclerosis (mean 40 = 9%) - the dif-
ferences were statistically significant (p <
0.001) and (2) that sera from patients with
nephrosis associated with focal-segmental
glomerulosclerosis induced a higher degree
of endothelial cell cytotoxicity. Thus, the en-
dothelial cell cytotoxicity test renders a sup-
portive view that endothelial ceil injury in
vivo is likely to be spontaneously induced in
the clinical setting of nephrosis.

In accordance with the higher incidence
of endothelial cell cytotoxicity induced by
sera from patients with nephrosis associated
with focal-segmental glomerulosclerosis, 1t is
likely to imply that a significant endothelial
cell death would occur in the renal microcit-

ation in such severe disease and that this
Eﬁmtancous endothelial cell cytotoxicity

uld explain the phenomenon of progres-
sive reduction in renal perfusion uniquely
obserM in the severe form of nephrosis.

of such a factor that sponta-
induced endothelial cell cytotoxicity

remains to be further elucidated. However.
an immunocirculatory imbalance with pre-
dominant Th-1 cell activity has recently
been proposed [7].

an interesting issue as to whether there is any
factor in the serum of the nephrotic patient

toxicity test using sera from nephrotic pa-
tients revealed (1) that endothelial cell cyto-
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ntegrated View, ed 2
d, 1999
R6-page book on the urinary sediment. It has the most
ifary sediment | have ever seen in print, with some
4 microscopy photographs. It is a most practical
e :
; tion of the sediment, and even how one sets up
m egration of a pleasant and amusing chapteron the history
of urine microscopy by Cameron. and apter on the findings of the sediment in various
‘discascs is well illustrated by superb glomerular histology. It is debatable whether the history
afidirenal histology shodld’be included in the book which is otherwise a most excellent man-
ﬂ u H \qn asoft harn MTh fi€trse purely a matter of personal preference
fogthe roach ng on|the reader. However, this is still an extraordinary
ﬂ book, and the best buy on the market. It should be owned by every nephrologist, and those
internists whe/still examine uri&sediments. It is essential for nephrologists in training. The
fts presentati il gwe 1l who it, and the Oxford University
q f] a q ﬁmﬁ%ﬂ %W:E]cs}l guthors for their writing this finc
q book.
G M. Berlvii
242 Nephron 2000:86:241-242 Futrakul/Panichak ul/Chaisuriva/Sirisinha
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Summary /

An endothelial ¢
with the clinical & L VIIT
of nephrosis. Such “con
which demonstrat Te plasma flow in mesangial
proliferative nephro .. rfusion deficit in nephrosis
with focal segmental {efuloselétosisy Thus, the magnitude of ECC
observed in vitro stu :» o reflect the in vivo reduction in renal
perfusion in these neph atien

o)

Introduction ‘

uld be enhanced in accord
th mild and severe forms
e intrarenal hemodynamics

-

A glomerular ermothelial cell dysfunction ha'mbeen delineated in glomeru-
lar inflammation su€he=as idiopathi@mephrotic syndrome [1]. By virtue of
its vicinity t“{ﬁiﬁ&ﬁﬁﬁ?@iwmﬂ%mlus, the glomerular
endothelium 4 urbed’d e process of inflammation. In
this regard, a glomerular endothelial dysfunction hasysbeen supported in
activ ﬂﬁtﬁ%mmmmzlﬂﬂ , rﬁrular endothelial
phen@ X S1 anticoagulant cét-m altered 1n neph-
rosis and becomes procoagulant. Such a procoagulant activity is associ-
ated with blood hypercoagulability, blood hyperviscosity and local intra-

vascular coagulation which is reflected by altered kinetic studies of platelet
and fibrinogen and elevated level of fibrin degradation product in the

©2000 by Monduzzi Editore S.p.A. = MEDIMOND Inc. ) A123ICI0105 27
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serum and urine of nephrotic patient [2-5]. Second, the glomerular en-
dothelial phenotype expression of normal vasodilation is altered and
becomes provasoconstrictive. Such a provasoconstrictive activity is substan-
tiated by the intrarenal hemodynamic study of nephrotic patients in which
a characteristic reduction in renal perfusion is generally observed [0,7].

The significance of glomerular endothelial dysfunction and its
hemodynamic impact has recently been related to the pathogenesis of
renal disease progression. It is of notion that (1) a mild reduction in renal
perfusion as that observed in mesangial proliferative nephrosis is usually
associated with an intact structure and function of the kidney (2) the
reduction in renal perfusion ig severe category of nephrosis usually
precedes the development ifterstitial fibrosis or glomeruloscle-
rosis and (3) the magmi 3 o the nephronal structure in-
creases as the renal _.uu,.. ﬂgressively decreased [8].

The slight reductior 2] served in mesangial prolif-
erative nephrosis and«the : duction in renal perfusion docu-
mented in nephrosis 2 dued with focal ental glomerulosclerosis
are indeed intereseln, mena. The "di nce in the amplitude of

renal perfusion defigit BCRyE 1 th ets of nephrosis (mild and

: ke the di inthe underlying severity of
glomerular endothelia r ) ion, the spontaneous pattern of
glomerular endothelial’] semved finhe clinical setting of human
nephrosis renders a § sma or serum would be the
good candidate for s . helial injury. It is therefore,
interesting to know whetheean to the endothelial cell can plausi-
bly be induced in vitro-r@ﬂhjbﬁi fis_serum.

~31 £

Material and

1. Endothelial el Cytotoxicity Test

¢ o
Human mﬁwﬂﬁ | %Iﬁﬁ merican tissue culture
collection) h 10 xirhatelyl 2 x 10* cells per well
of 96-well tissue culture platg were incubated overgt at 37°C with 5%

. i, ~
o, TR ATRITIN I S

with focal segmental glomerulosclerosis) were added in duplicate wells.
The culture medium and 10% tritonX were used as controls that showed
no cell lysis and 100% cell lysis, respectively. The testing cultures were
incubated as above for an additional 48 h. After the incubation. each well
was washed with PBS and then stained with crystal violet. The stained
cells were lysed with acid alcohol solution and the optical density was
determined by a microtiter plate reader (Model 3550, Biorad) at 550 nm.
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The percentage of cytotoxicity was calculated by the equation as follow:

(ODw‘ﬁng == ODm’ton X)

Percent cytotoxicity = [ 1 —« 0D — 0D X X 100

2. Glomerular Endothelial Function Determined by Intrarenal
Hemodynamic Study

The hemodynamic aspect of glomerular endothelial function was
assessed in nephrotic patient by the method of simultaneous determinations
of renal plasma flow using 131] _ g eled orthoiodohippuric acid (hippuran)

and of glomerular filtratio ™Tc — labeled diethylenetriamine
pentaacetic acid (DTP scribed [6]
Result

As depicted in " i :’h eell cytotoxicity induced by
sera from mesangial proliferative hep \\‘.; 18+9 % as compared to

4049 % induced b \\ ated with focal segmental
glomerulosclerosis, gife dififgrence een, the, two groups was statisti-
cally significant; 3

The intrarenal hegiodyna i st r & a mild reduction in renal
: 1 3 \ in mesangial proliferative
nephrosis and a moderatgl Zduction in renal plasma flow (mean
285+89 ml/min/1.73 iimephros 1th focal segmental glomerulo-
sclerosis. '

Table I illustrated thesendotietiatcettcy ntl) renal plasma flow in idi-
opathic nephrotic svi o

EC = endothelial cell,‘ esP- gal"proliferative nephrosis, NS-FSGS =
nephrosis with focal se nzental glomer ulosclel ‘0sis

ﬂ U EI ’J Y E] W&]ﬂl fﬁal Plasma Flow

mU/min/1.73 m’

A
Normal C¢

MesP-NS (n=11) 1849 491+71
p <.001
NS-FSGS (n = 38) 40+9 285+89
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Discussion

-

The result of this in vitro study indicates that serum from the neph-
rotic patient can induce endothelial cell cytotoxicity. The serum derived
from mild case of nephrosis associated with mesangial proliferation sig-
nificantly enhances a greater index of endothelial cell cytotoxicity than
the control (18+9 % versus 1.8+0.8 %). The induction of endothelial cell

- cytotoxicity is even greater by the serum derived from the severe form

of nephrosis associated with focal segmental glomerulosclerosis than
that of the mesangial prollfcratlve nephrosis (40+9 % versus 18+9 %).
This in vitro study does In support of what one would expect the
glomerular endothelial cellgh:‘; / aturally occur in the clinical setting
of nephrosis in vivo. }

The magnitude oﬁmg_thehal cﬁwtoxmlty observed in these two
subsets of nephros con urs‘qfi glomerular endothelial cell
function determin ‘ ren“ai* ynamic study. In mild form
of nephrosis ass iferation, the mild reduction
in renal plasma m control 598+80 ml/min/

1.73 m?) observed ; &1 R idence of endothelial cell
cytotoxicity. Sinu i @gree of reduction in renal
plasma flow (2854 24’ 2). documented in severe nephrosis
associated with f : tal ¢ , selerosis of which it is in accord
with the higher en ‘ 1 ty index

yuatd- sshito 'a specific issue relating to the
mechanism of renal dLSﬁﬁ;SC progression or damage to the nephronal
structure. Inasrauch as “the gl"o | g helial function associated
wlth its hemo st testiammsantar: -._.a...:.‘_'..;...__'.. has been proven to be
,! iton, a further exploration
as to what would be the likely e ndothelial cell cytotoxicity in

severe form of nePhI‘OSIS and 1f SO, how to prevent it from such injury

would be Ej(ﬁ‘ﬁ ﬁﬁ?ﬂrﬁﬁ h %addressed in future.

Referenc

- SRTIINIH RS0 AR s v

functlon determines disease progression : a hypothesis. Am J Nephrol 17:533-
40, 1997

2. Futrakul P, Poshyachinda M, Mitrakul C. Hypercoagulability in the nephrotic
Syndrome : Use of anticoagulation, in Zurukzoglu W, Papadimitrio M,
Pylpasopoulos M. Sion M, Zamboulis C (eds). Advances in Basic Nephrol-

ogy, 8" Int Congr Nephrol Athems, Basel, karger, pp 296-301, 1981




Bangkok, Thailand, January 23-27, 2000 | 31

3.

Futrakul P. Coagulation in glomerulonephritis and nephrotic syndrome : Its
therapeutic intervention. In Takeuchi T, Sugino N, Ota K (eds). Asian Manual
of Nephrology, SEAMIC, Tokyo, pp 89-95, 1981

Futrakul N, Futrakul P, Poshyachinda M. Transient procoagulant state of
Glomerular endothelium in mesangial proliferative nephrosis (MesP-NS). FASEB
Journal 7:A220, 1993

Futrakul P, Poshyachinda M, Mitrakul C. Focal sclerosing glomerulonephritis.
A kinetic evaluation of hemostasis and the effect of anticoagulant therapy : A
controlled study. Clin Nephrol 10:180-186, 1978

Futrakul P, Poshyachinda M, Futrakul N, Chaiwatanarat T, Sensirivatana R,
Thamaree S. Intrarenal hemodynamic alterations and tubular functions in nephrotic
syndrome. A pathogenetxc -\: ; implication. In Andreucci VE, Dal
ra logy, Wichtig Editore, Milano pp

Futrakul N, Poshantieo ‘ -, al. Renal dysfunctions in
glomerulonephropatt fapi eclined al failure. Renal Failure 8:557-

e : ] nukul P, Futrakul N, Futrakul
S. Renal perfusiofi a ) \-\ on 82:79-80, 1999

1 V icl \ , Reutrakul V, Sangsuwan
R, Sirisinha S. Anti I 1§8) _‘ olidé against cholangiocarcinoma
growth in vitro andf hsters Canlcer, Il \ 133:169-175, 1998

ﬂﬂﬂ’)'ﬂﬂ‘lﬂ‘ﬁﬂﬁﬂ‘i
’QW’]MﬂiﬁU AN Y




|

Letter to the Editor

NEPHRON

Nephron 2000;85:181-182

Faculty of Medicine, The King Chulalongkorn Memorial Hospitalshvr?}ailénd
| —

Peritubular Capillary Flow and Tubular Function
in Idiopathic Nephrotic Syndrome

Narisa Futrakul Saowanee Yenrudi Prasit Futrakul Thumronkprawat Cherdkiadtikul
Aimon Laohapaibul  Sithivudh Futrakul Rachanee Sensirivatana ‘
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The correlation between renal perfusion
and nephronal structure has recently been
proposed [1]. In essence, a normal or bal-
anced renal perfusion, as observed in mini-

y =10.35959 + -.01730x

. . s r =-0.68442
mal change disease, is usually associated p = < 001
with an intact nephronal structure, absence ’
of glf)mcmloscler?sis or t}lbulointerstitial fi- Groupt ® =MC- NS
brosis, and a benign clinical course. On the & o & e S
contrary, nephronal damage such as glomer- o e
ulosclerosis and tubulointerstitial fibrosis is Group 11 ® = MesP- NSwithTIF
usually encountered in patients having a re- Group IV % = NS - FSGS

nal perfusion deficit or renal microvascular
disease [2-4]. Such a correlation between
renal perfusion and nephronal structure does
indeed have a clinical impact on therapeutic
as well as preventive aspects, and thus thés
hemodynamic approach is regarded ast
clinically useful, noninvasive instrument ]
serve the therapeutic purpose. =
A correlation between tubulointerstitial |
structure and tubular function by means of
determirning the fractional excretion of fil-
tered solutus, namely sodium, calci
nesium, phosphate, and uric acid
recently been implicated [5]. The st

i 1
780 S00
300 840

ol
T ﬂ’ 1 5‘10 T '-'[60 T
360 480 RS 720

P . PTCB (ml/min/1.732)

e P-1
el 4 YA NEL)N)
1 g. ¥. clation'between peritu r capillary flow (PTCB) and fraciional excretion of

cates that a normal tubular transport,which  filtered magnesium (FEMg). MC-NS = Minimal change steroid-sensitive nephrosis; MesP-
is reflected by a low fractional excretion of NS = mesangial proliferative neph#sis: MesP-NS with i mesangial proliferative nephro-

filtered solutes, implies n 1 ISavhi interstiti sis?NS- \ gl cal segmental glomeruloscle-
tubulointerstitial structurcian at an i

normal tubular transport, Which is reflected
by a high fractional excretion of filtered sol-

120 240 960

between tubulointerstitial disease and tubu-

utes, suggests tubulointerstitial fibrosis. In
this regard, there is also a linear correlation
between tubular function and nephronal
structure by multiple regression analysis.
Thus, the tubular function would provide

another noninvasive diagnostic approach for
the clinical practice.

Tubular preceding information regard-
ing both correlations, one between renal per-
fusion and nephronal structure and the other

lar function. would render a suggestive view
that there should also be 2 correlation be-
tween renal perfusion anc nephronal func-
uon. In this regard, such a2 correlation be-
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tween peritubular capillary flow and tubular
function has been calculated in various clini-
cal subsettings of glomerulonephropathies,
the results indicating that there is an inverse
linear correlation between peritubular capil-
lary flow and tubular function as determined
by fractional excretion of filtered magne-
sium (FEMg). FEMg is always normal in the
presence of normal peritubular capillary

- Nlow. As the peritubular capillary flow de-
clines and approaches 50% of normal, there
is an early detection of tubular dysfunction
expressed as increasing FEMg. With a great-
er reduction in peritubular capillary flow,
there is a higher amplitude of FEMg, as
shown in figure 1.

Inasmuch as both peritubular capillary
flow and tubular function are noninvasive
diagnostic parameters, the significance of
such tools is of clinical relevance. The tubu-
lar function can be easily determined and the
result obtained can assist in differentiating
the presence or absence of tubulointerstitial
involvement. This should be helpful in
avoiding an unnecessary renal biopsy in
those nephrotic patients having normal tu-
bular function. Similarly, information re-
garding renal perfusion also assists in thera-
peutic and preventive planning for those pa-
tients having a renal perfusion deficit.

()
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ABSTRACT

Hemodynamic maladjustment with predominant constriction at the efferent arteriole has been
encountered in a variety of clinical settings of glomerulonephropathies. In essence, it induces not
only intraglomerular hypertension but also exaggeratedly reduces the peritubular capillary flow
which supplies the tubulointerstitial compartment. The hemodynamic maladjustment is believed to
reflect a glomerular endothelial cell dysfunction. In this regard, oxidative stress and antioxidant
defect are likely responsible for the glomerular endothelial dysfunction. Improvement in renal

function was accomplished following the correction of oxidant and antioxidant imbalance with

antioxidant therapy and vasodilators. Following such therapy, there was a correction in

AULINENINYINT
RINNIUUNININY

Key Words : Hemodynamic, Chronic renal failure, Intraglomerular hypertension, Oxidant,

Antioxidant, Vasodilators, Glomerular endothelial dysfunction.
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INTRODUCTION

The pathogenetic mechanism of renal disease progression witH particularly relevant to the
development of tubulointerstitial fibrosis in chronic renal disease is complex which implicates both
hemodynamic and non-hemodynamic (immunologic) factors(1). Due to the unsuccessful attempt
of immunosuppressant in preventing the progression of renal disease, the focus of interest has
switched toward the issue of hemodynamic impact upon the mechanism of renal disease
progression.  Within this context, it has recently been demonstrated that there is a spatial
relationship between renal perfusion and nephronal structure. A normal renal perfusion is usually

associated with an intact nephronal structure wi tubulointerstitial disease such as that observed

roliferative nephrosis. In contrast, a

reduction in renal perfusion such as p observed in nephrosis associated with

focal segmental glomerulosclerosi nephronal damage such as
tubulointerstitial fibrosis(2). Fu ‘ %) also denoted that the degree of
tubulointerstitial fibrosis correl stglomerular capillary patency.
The cause-and-effect relationshi ephronal structure has been

nnplicated by the observation oliferative nephrosis that the

The reduction in renal perfusion is b; . cti omerular endothelial dysfunction.
stead of anticoagulant surface and

provasoconstrictive instead of vasodllatlr}%j‘ ;,,;l-ty’; HTEFeD reducing the renal perfusion(2). In this

regard, an experimental study memlcmg gr’mefufar_m

demonstrated that serum of -‘p,-,-f---—:~---=--—-r-;:r ------- E induci ot
vitro. That the greater 1nc1denceg

nephrosis associated with focal
proliferative nephr031s 1 ﬁ g icity. Furthermore, it is
also denoted that the deg uﬂ fﬁﬂﬁ ﬂﬁﬁ ﬁ? es with the magnitude of
reduction in renal plasma w in vivo determined by the intgarenal hemodynamic study(5).

WIANDNIUARNINE 8 B

The preceding mtol]natnon as raised an interesting issue as to what would be the factor responsible

Il injury has recently been

1dothelial cell cytotoxicity in

rived from the serum of severe

gmental glomerulosclerosis whereas the serum from mesangial

for the induction of such endothelial cell cytotoxicity and dysfunction. Inasmuch as reactive
oxygen species is capable of not only inducing proteinuria and nephronal dan nage in experimental
model of puromycin aminonucleoside in animal(6), but also participating in a variety of clinical
setting of glomerulonephritides(7-11), it is therefore of interest to perform in this study an
assessment of oxidant and antioxidant status in nephrotic patients as well as in a group of patients
associated with chronic renal failure who are likely to progress to an end-stage renal disease. If

there would be any evidence of oxidative stress, it would also be interested to see whether a



Futrakul-4

correction of oxidant / antioxidant imbalance would imprdve the renal function and retard the

progression of renal disease in these patients.

MATERIAL AND METHODS

Fifteen patients associated with idiopathic nephrotic syndrome (8 patients with focal segmental
glomerulosclerosis and 7 patients with mesangial proliferation) and 9 patients associated with

chronic renal failure were included and subject to the following studies.

I. Oxidant and Antioxidant Study

Ten milliliters of blood was drawn fro

was placed into heparinized tube and

centrifuged at 1500 g. for 15 minutes ' Cs. The RBCs were washed three
times with cold saline, and the eryt : let v ermzo"c until further analysis.

A. Lipid Peroxidation (MDA) / :

MDA was assessed by thiobarbitun ‘ 1 say of hydroperoxides. The TBA

assay was performed using a 1 3 e tegh ique de ed by Askawa and Matsushita
(12). -
B. Glutathione (GSH)
as made by eolorimetric methods of Beutler E et
al(13), using the glutathione disulfid edH?;._ B [5 lithiobis (2-nitrobenzoic acid)] to
react with sulfhydril compound a s_t bl low color. GSH concentration in the
erythrocytes was expressed as p mol/ ~ The hemoglobin concentration was
assayed by using a cyanmetheiigg
C. Vitamin C - “

Ascorbic acid in serum and plasma wa

pecifie enzymatic spectrophotometric

method. Samples were analysed indirectly by measuring the absorbance at 593 nm(15).

¢
a3 UL ANENINGING
Vitamin E was assayed@ odii ric ‘an ﬂe’ thed(16). The oxidation of

xylene-extracted tocopherols from the blood éample by femic chloride arid/the pink complex of
ferrous ions with Q%%@Qlﬂ@%SWla%thﬂqﬁrﬂ

E. Glutathione pefoxidase (GSH-Px) | '

GSH-Px activity was determined according to Gunzler et al(17), with modification by following
oxidation of the reduced form of nicotinamide-adenine dinucleotide phosphate (NADPH) measured

at 340 nm.
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IL. Renal Function Studies
A. Glomerular Function
A glomerular filtration rate was performed by measuring the IO hour endooenous creatinine
clearance (CCr) or glomerular filtration rate (GFR) by the radioisotope technique using " Tc-
labeled diethylene triamine pentaacetic acid (DTPA) and the value was converted to the body
surface area of 1.73 m’ by the method of calculation

Body surface area = body weight (kg) x4+ 7

' 90 + body weight (kg)

Intraglomerular pressure (PG mm Hg) was assessed by the method of calculation as previously
described(18).

B. Tubular Function \ ',r{/

Tubular transport was assessed by a rina

during fasting. Blood drawn at the
end of the test and urine were a snum and protein. A reflection of
tubular transport was derived fro 6 onal excretion (FE) of filtered solute
namely magnesium (Mg). The

FEMg= Y

¢lomerular filtration rate fro

ITI. Mode of Therapy
All of these 24 patients were treate‘i &nh enhanced rgnal perfusion therapy, which consisted of (a)

angiotension convemng 1 1%&% «%1%8 q ﬂ mg/day or enalapril (0.25-1

mg/kg/day) or All recepto‘pntaﬂomst g/day (b) calcium channel blocker isradipine 2.5-10

mg/day and (c) a en me m patients received
antioxidants as a Wﬁ agﬁﬁ ﬂ ts)ia nzlﬁ ﬁ)(ﬂ)OOO milligrams)
daily. The nephrot?c patients had been on a regular protein, non added salt diet and the patients in
chronic renal failure group; in addition to the general supportive treatment such as correction of

electrolyte and acid base imbalance, had been placed on a low protein, low cholesterol diet and

adequate hydration.

STATISTICAL ANALYSIS
Values in text and tables are expressed as mean + SEM. Non parametric Mann-Whitney was used

to establish the significance of between group differences. The differences between pre-and post-
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treatment values between each treatment group was performed by Student’s paired t-test. The
difference was statistically significant when the P value was less than 0.05.

RESULTS

The initial assesement of oxidant revealed an elevated level of plasma MDA in nephrotic patients
(3.4+0.3 p molar versus 2.6+1 p molar of controls) as well as in patients with chronic renal failure
(3.240.6 p molar). The initial level of erythrocyte MDA in both nephrotic (11.5+2 n mol/L versus

7.6+0.9 n mol/L of control) and chronic renal failure patients (10.8+1 n mol/L) were also elevated

as depicted in Table 1. In respect to the antioxi udy, there was a significant depletion in GSH
11t mol/g Hb of control) and in chronic

S
concentration in nephrotic (6.8+1 pn mol/g ‘Tu%

renal failure patients (6.3+1 p mol/ of vitamin C was also found to be

significantly depleted in nephrotlw @ of control) and in chronic renal
failure patients (1+1 mg/L). The lev in E m_both nephrotic and chronic renal
' The level of glutathione
.2 n mol/10° cells and 0.2+0.18

nt from the control value of

failure patients were not signi
peroxidase in nephrosis and chr:
n mol/10° cells respectively whij

0.28+0.4 n mol/10° cells. The oxi t | tio in both groups of patients were

The result of renal function study in ”i" ‘ouprevealed a significant impairment. Of the
glomerular function, the initial creatmmeé rance (CCravalue was 44.8+24 ml/min/1.73 m>. The
tubular function revealed a sngkrﬁfxcant clevatlon ofFE_ﬁ sus 2.2% of control). In the

Min/1.73m* and the FE Mg was

13+6.3%. The intrarenal hemod¥i
(RPF) 219+84 ml/min/1.73 m’

(PTCF) 167+67 ml/min/. ﬂ ﬁ ﬂﬂ njvated efferent arteriolar
resistance (RE) 19442+5 u elevated intraglomerular
hydrostatic pressure (PG) 5 +1 mm Hg versus$3 mm Hg ofeentrol.

RN I UNRITIBIR

Following the therapy, there had been a significant i improvement in oxidant and antioxidant status.

afh' study enificant reduction in renal plasma flow
n

ormal 600 ml/mm/l i3 m) a low peritubular capillary flow

The plasma and erythrocyte MDA declined to normal level whereas there had been a steady
increase in the concentration of GSH, vitamin C and E as depicted in Table 2. In accordance with
this improvement in antioxidant status, there was also a significant improvement in renal function.
The creatinine clearance in nephrosis increased to 60+34 ml/min/1.73 m? whereas the FE Mg
declined to 5.7+3% (Table 3). In the CRF patients, the CCr rose to 23+12 ml/min/1.73 m’ and

the FE Mg declined to 11.4+6%. The intrarenal hemodynamic study showed a significant
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improvement in RPF (391+133 ml/min/1.73 m?), PTCF (314+120 ml/min/1.73 m %), a reduction in
RE (3918+2040 dyne.s.cm™) and PG (51+0.8 mm Hg).

DISSCUSSION

Reactive oxygen species are implicated in cell signaling, gene transcription. mitosis, apoptosis and
vasoconstriction(20,21).  The cellular sources of reactive OXygen species are multiple namely
NADPH oxidase, lipoxygenases, cyclooxygenase from plasma membrane, electron transport
system from mitochondria, xanthine oxidase, hemoglobin, transition metals (Fe*** | Cu"™) from

cytosol and cytochrome P-450 from endoplasmic reticulum(22). Increased cellular metabolism

with enhanced production of reactive o have been delineated in a variety of
glomerulonephropathies and renal failure(23.24). indicates that both increased reactive
oxygen species and decreased antioXidant d efenﬁe hﬁsubstantiated in our renal patients.
Increased plasma MDA and eryt Aincox th a depleted plasma vitamin C and
a reverse ratio of oxidant and | is_an oxidant/antioxidant imbalanced
state. Similar observation have Xcess, reactive oxygen species
and their byproducts are capable o ytotoxicity to cells. This results

nt would allow the excessively

4 gzc")l"

ée a,sust

e damage to cells in particular the
ias : .
ctween the circulating blood and the
vessel wall to serve as a sensor and trans : sigals within the circulatory microenvironment.

. “"j o 'I'J-'-L J'F = - - . . .
The oxidant and antioxidant =3 ed Ir ’ kely to explain the in vitro

increased endothelial cell cyt iaduced-by-sera-efnephrotic palients(5). Increased oxidative

stress to the glomerular endothél g of the endothelial cell and in

excessive amount incriminate inendothelial cell death. In respme to such oxidative injury, the

endothelial cell would increase prédastions of oconstri s namely angiotensin I,
endothelin and thromboﬁeu@ré} m ﬂd Wlﬂ/j ﬁrﬁ ndent vasodilator such

as nitric oxide is defectiveds well as being neutralized by the excessive amount of reactive oxygen

o A A
predommant vasoﬂ'\ 1 rent arterio he preponderant vasoconstriction at the

efferent arteriole not only increases the intraglomerular hydrostatic pressure but also exaggeratedly
reduces the peritubular capillary flow which supplies the tubulointerstitial compartment. The
hemodynamic study indicates that there is indeed an increase in intraglomerular hyvdrostatic
pressure to 56+1 mm Hg (normal < 53 mm Hg) implicating an intraglomerular hypertension. The
presence of intraglomerular hypertension in conjunction with the reduction in renal plasma flow
(mean 219+84 ml/min/1.73 m’) and with the hemorheologic alteration secondary to the

additive effect of oxidative stress to the endothelial cell inducing vascular inflammatory gene
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expression such as vascular adhesion molecule, mononuclear cell infiltration and
procoagulant surface expression; would culminate in the injury to the glomerular cell inducing

glomerulosclerosis(27-30).

The - reduction in peritubular capillary flow secondary to the hemodynamic maladjustment at the
efferent arteriole exerts a significant hemodynamic impact upon the tubulointerstitial structure. It is
of notion that a simulated ischemia in flow-adapted endothelial cells leads to generation of reactive
species and cell signaling through the NADPH oxidase pathway. This is followed by an increased

production of nuclear factor-kappa B which th pregulates the inflammatory gene expressions

namely cytokines, growth factors and les(27,28). A sustained reduction in

peritubular capillary flow in conjunetion idalwve stress would therefore, induce an
1schemic injury to the tubulointers&n

In this regard, increased producti factor: 1B detected in nephrosis associated
with focal glomerulosclerosis(3 smokine.. ion was also demonstrated in
nuromycin aminonucleoside ne 1 At egard. it h cently been demonstrated that
there is an inverse correlation stitubular lary flow and the incidence of
tubulointerstitial fibrosis(4). ]  ; reduc 1on peritubular capillary flow as the
disease severity progresses inve ‘ tubulointerstitial fibrosis. In
addition, we have recently demonst ation between the renal perfusion

and FE Mg(33).

-.J

ot |".---":-"I"::‘"J

The preceding information renders'a sup yidative stress and antioxidant

defect is likely to be responsib

ﬁ""_"'_“"" at-ceti-cytc , “apd a spontaneous endothelial
rﬂenal perfusion as the disease

cell dysfunction by which it 1

n 3
severity progresses. In accordan‘g| with the therapeutic strategy, aCorrection of antioxidant defect

in conjunction with the admini g‘ m dynamic maladjustment
would likely improve thelr ﬁ ﬁw gﬁ rﬁs:iﬂ ﬁ al disease. Based upon
this therapeutically strateg‘“: approach, the administration %.antlomdants namely vitamin C and
vitamin E restor PW[‘OQI Ffrﬁ mﬂwq ’g ﬂ E}qa E}l concensus that
vitamin C is c%le of neutra 1zing super oxide anion, reactive nitrogen species such as
peroxynitrite, nitrogen dioxide(34) and also acts as a coantioxidant by regenerating oc-tocopherol
(vitamin E) from the oc-tocopherol radical(35-37). Vitamin C has also been shown to regenerate
glutathione and B-carotene in vitro from their respective one-election oxidation product(34.,38).
Another major property that makes vitamin C such an effective antioxidant is the stability and low
reactivity of the ascorbyl radical formed when ascorbate scavenges a reactive oxygen or nitrogen
species(39). The impaired endothelium-dependent vasodilation was markedly improved by vitamin

C in essential hypertension(40).
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In respect to vitamin E, a combined vitamin E and selenium or glutathione deficiency leads to
pronounced and progressive oxidative damage to renal structure and function(41-43). Increasing
dietary vitamin E level significantly attenuates renal oxidati;e damage in the puromycin
nephrotoxicity model of FSGS in the rat(44,45). Therefore, both vitamins C and E administration
would assist in neutralizing the reactive oxygen species and thereby minimizing the tissue damage
by oxidative stress. Such an event would spare the vasodilating status of nitric oxide (NO).
Increased available NO would exert a cellular protection to the nephronal structure as well as to the
glomerular endothelial cell. A decreased endothelial cell cytotoxicity was demonstrated following

the therapeutic administration of antioxidants and vasodilators.

In respect to the renal function, the ther luced the renal arteriolar resistance. The
relaxation of efferent arteriole not ced Mglomemlar hydrostatic pressure (PG
51+0.8 mm Hg), but also enhance : 1 . The peritubular capillary flow

increased from 167+67 ml/mi@/ 20 mi/ .73 m’ following treatment. The
improvement in renal perfusi 0 ith the glomerular function as well as the tubular
function. The creatifﬁine c i ner reased

60.6+34 ml/min/1.73 m’, the gl itration. rat ed from 52+21 ml/min/1.75 m’ to
76+22 ml/min/1.73 m* and tHe ahtl$

treatment, p <.05. In chronic
ml/min/1.73 m’.

Thus the preceding information renders @ supportives view that the oxidant and antioxidant

imbalance is likely to induce ktx glomerular e
maladjustment by which the dofrection-ot such-disord adant therapy ard vasodiltors can

improve the renal function and ﬁv

AUEINENTNYINT
AMIANTUUNIINYAY
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Table 1 Oxidant and antioxidant in nephrotic and chronic renal failure patients

AN |....

.01 [10.8+1

Oxidant (0)

P MDA p maolar
R MDA n mol/L

Antioxidant(A)

GSH u mol/gHb 63+ 1
Vit C mg/L 1+1
Vit E mM 0.16 + 0.1
OA RATIO 1.9 + 0.5

AUEINENTNYINS
PIAATUAMINYAE



Table 2
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Initial and post treatment values of oxidant and antioxidant in nephrotic and CRF

patients

GSH p mol/gHb
Vit C mg/L
Vit E mM

P-MDA p molar

R-MDA n mol (L)

1
4

p value

<.001
<.001
<.001
<.001

<.001

ﬂuEI’JVIHW
awwmnimumwmaﬂ




Table 3

Initial and post treatment values of renal function in nephrosis

AULINENINYINT

Initial | Post treatment | p value
CCr ml/ 44.8 + 24 60.6 + 34 <.05
min/1.73m>
-~ FEMg % <.05

IR TAUIM TN
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