y e T

L
e e

o

. _ c € : . )

DRUG INDUCED NEPHROPATHY

RESSAY

Requirement of the Mastér Degree
¢ General Medicine ) '

By
KENSHERAH ERIAN FAHIUM !
M.B., B.Ch. ( Ain Shams )

Supervisors
Prof. Dr. ISMAEIL ABU GABAL Prof Dr. WAHID ELSBAID
Professor of Professor of -
General Medicine General Medicine

Faculty of Medicine
Ain Shams University

Central Library - Ain Shams University



i
ACEKENOWLZDGUENT

I am very plaased o express uy slncere thanks to
Prof. Dr, ISMASTL ABU GABAL, Prof. of Genersl kiedicine.
Faculty of Medicine, Ain Shams University for giving me
the spportunity to perfeorm this work, and for bis effi-
clent supervision , fatherly assisbtance and encourage-
ment,

For Prof. Dr. WAHID EL SAID, Prof. of General Medicine,
4in Shams University, no words can sabisfy and explain ny
deep feelinzs and gratitude. I am greatly indebted to him
for suggesting this work, as well as, for his efficient
and contlnuous supervision, constant guidance and time freely

given during ths study.

Central Library - Ain Shams University




m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



21
GONTERNTSG

= INTRODUCTION s vsssovsannsreaosanscsssassnsacaanes
= REVIEW CF LITERATURE.covsasstsevsasssesssenccrnrns
« Reascong for the Unnaual guscaptihility of
the EldneFecevsassnnscssnsanassrnssssessogns
» Renal Excrebion of the DrugS.essseccevesqgsss
« Mechanisms of Toxic RBifect.,ssesvssesessssnae
+» Bubstances that ean cause Renal Dansgeesess
1) Heavy mebtalSevessenvsssessysonsssssescs
Nercury polsoninge.qevesysnsesnsacesess
Lead polsoningssessvssnnseescscescsnes
Cadnium.polsoningeissssensssscenscccess
Gold poisoninZsssvgencasaverssesscscns
2) AnalPesig NephropabhFeesssscescesessnes
3) dntibiotic NepbropatinFeessseseenscrene
4} F=ray Conbrast Medla.sessssessassssses
5) The Kidney and RadiatioNescecsccsscaes
6) Bolvenbyusesescessecverssesscananssnes
» Garbon telrachlorideesesosssscscsnss
+ Bthylene glycol and diethyl glycel..
7) Qther Causes of Drug JIaduced
Hephrcpathy,...--.............-.,.....
e SUMMARY ¢sunsnsossnssnnnnsacsentscntrrnnsenaanssces
~ REFERENCESsservressnsestsocreosssoscrsssessavansss
~ ARAPIC BUMMARY cavseevecansracsacssnsesecrsssnsnns

Central Library - Ain Shams University

13
28

B

¥ 8

41

43

5%
76 .
85

91
97

112
117

129



INTRODUCTION

Central Library - Ain Shams University




b
INTRODUCTTION

To Look at the kidney simply as an organ of execrcetlon
would greaftly underestimatec both its importance and the
far-reaching offegts of renal Intoxication. Instead, the
kidneys should be viewed as major effector crgzns of hacmoe
stasis, preventing alterations primarily in volwme, osmnola~
rity, ionic compesition, and pH of body fluids, This of
course does nobt deny the rols of the kidneys in tue removal
¢f waste preoducts, their endocrine functions (e;gf, prodilG-
tion of erythropoistin, renin-angiobensin}, and their con~
tribution te general nehabolist (c.g., glucoacgenesis), In
any case wg are dealing with = metabolically and funchion—
ally active organ system that 1s sensitive to - wide variety
¢f physielozic, pnarmacologic, aad tczicélogic stimuli

(Jouis =nd John, 1975).
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RIASONS TOR THE UNUSUAL SUSCEPTIZILITY

CF THE FIDEEY
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REVIEY OF LITERATURE
§§é§ﬂﬂs FOR TEE UNUSUAT SUSCEPTIBILITY QOF THE KIDFEY

Bven though the kidrneys may constitute less than 1
per cent of the body weisght, bthey normally receive 20 to
25 per cenbt of bue resting cardiac oubtput ., Indeed, Ghe
renal cortex has a wuch gregter blood supply than many
other organs, for instance, an average value in man nay
exceed 4 ml of blood per grauw of corbtex per minube. This
extremely rici perfusion, from the point of view of the
toxicologist, implies bthat large fractions of any cireula-~
ting drug or poison will quickly reach the kidneys.

In addltion to thevery large blocd supply, a second
functional proverty of the tissusz helps to account for the
freguency of renal toxic effects, namely, the ability of
the organ to extrast substances from the blood and to accu~
mulate them within the renal parenchyma er in the fubular
lumen. HRenal secretion of organic acids is g well-dogumen—
ted example of this affect. In this case cellular trasport
mechanisms lead to high intracellular concentrations of
certain substrates such as para~-aminohippurabe (PAH) (Foulxes,
1963) or phenol red (Forster and Copenhanver, 1955), Phaarng-

cologically active or toxic compounds may alsc be transported
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by thls or similar tubular mechenisms, Thus, the effect

of compounds such as organic nercurlals on tubular reabsor-
ption of Naf appears to be closely related to such trans-=
port (Késsler et al.; 1959). However, not all preferential
binding of metal compounds to the kidney can be asiributed
to metal transport. For example, the high cadmium content
of kidneys is related to the presence of mefallotbicnein
(Pulido et al,, 1966), 8 protein with high affinity feor
mebals, It has slsc been suggestad that the high concent-
ration of lead in kidneys following severe sxposure is due
to the formabtion of lead-rich nuclear inclusion bedies
{queted by Jouis and Jobn, 1975)

Another aspect of renal function also contributing
to the freguency of %oxic effects in the kidrey is the
fact that filtered substances may be concentrated 1n Fhe
tubular luazen as a result of salt and water reabsorption,
In the case of a golube that, like inulin, is not reabsor-
bed from bhe glomerulsr filirate, sodium and water reabhsor-
ption will lead to a relative concentration (the tubular
fluid over plasma rablo or TF/P) of five at the end of
proximal tubule, and final values of 100 or more In the

colliecting duct. This salt and water reabscrpbtion process
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will also further increase the TF/P ratic of gecreted solubes
s0 bthat values s high as 500 zre readily attained, In
gddition to high intratubular concentrations of certain sol-
utes significant interstitial gcecurulation way alse result
from the countercurrent concentrabing mechanisms in the
rensl medulla. The counbercurrent exchange of small molew
cules such as Nacl and ures between ascending and descend-
ing vascular loops has been extensively reviewed (Kriz and
Levetz , 1969J). It clearly is responsiblse for the consider~
able osmolar gradients required to concentrabe urine, and

i% could lead to higher levels of diffusible and potentially
boxic molecules such as cyanide or fluoride in the renal
medulla than in other tissues. Foreign compounds may thus
become especially toxic bto the kidneys by wvirbSue of Sheir
bBigh intrzluminagl, intracellular, or inberstitial concen-
trations.

Finally, normal bubular functions otber than sinple
£luid reabsorption permit toxic inkeractions in the kidneys
that can not readily occur in other organs. A4n example of
this phenomenon is the slteration in . pH that occurs in bhe
renal nephrons Maintenance of normal acid-base balance gnd

correction of mwetabolic acidosis depend on sgoretion of
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hydrogen ions in both proximal =2zd distal porticns of the

nephron. A substance whose solupility cbanges with pH
may precipitate in the goidified subular fluid asnd block
the normal flow of urine. This is the case with sulfona-
mides, whose intratubular precipitation has ¢fbten been
gbgerved {Jouis and John, 1975).

Alternatively, a toxic effect may be produced by a
¢chemical species set free frow s filtered precursor by the
action of hydrogen ions. Buch a mechanism has been involked
to explain the toxicity of uranyl ion circulating in nlasma
as @ relatively ilnert but acid lablle bicarbonate uranyl
complex. Uranyl ion is thoughit 6o be liberated and concen
trated ir the tubular lumen as =z rssult of nermal tubular
Function. AlGhough this is uniikely to accousi for all
of the effects of uranyl ion con the kidney (Zomiyaus and
Foulkes, 1968), it nevertheless provides a cleasy example
of how the toxiclity of chemical species may direcitly related
to renal function,

In addition, the kidney, as is the case with any obher
metabolicaily active organ, is glso sensibive Go metabolic
poiscns., For example, cyanide injected inbo the renal

artery of dogs cguses saliuresis by inhibiting normal Naol

Central Library - Ain Shams University




3
reabsorption (John and Jouis, 1975).
The special succephiihilisy: coif kidneys bto toxic subs-
tanees howsver, over axnd ~oove Luab of other organs, stens

in large part from some >f Lthe factors discusssd abore.
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RENAL EXCRETION OF THE DRUGS

Both the acbtivity and toe Soxicity of a drug are strong-

ly influenced by the rabte at which it and its actives zgba-
bolites are excrebed.

In general, the more slowly they are excrebted frou the
body, the pigher the drug bleood levels attained, toe greater
the amount of actlve chemical mode available for rscepbors,
and the greaber the activity and toxieilty Induced, and vice
VErsa.

Since mpset remetabolized drugs and their active meba—~
bolites are exgcretsd in the urine, tne wrinary route is of
majer impeortence in determiniig efficiency and safety of
medicabions,

Over all, four aspects of execreftion cust be corsidsrad:
1) Glomerular filtrabion, 2) Tubular secreticn, 3} ictive
tubular reabsorption, and 4) Passive tubular reesbsorption,
The first two act bto remove drugs and their metabolites and
elininase them in the urins, The last twp tend to counteract
gliminabion by transporting souce of the excrebed substances
back inbo the body. The actual rate and extent of exeration

iz the neb effsct of these facbors.
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Glomerular Filtrabtion ¢

Glomerular filtratiorn is z physical function of the
guarter billion neparons in the xidney cortices. It trans-
ports large voliunes of extracellular fluld (Tobal EcF¥ of
12,5 liters every 10 minutes) conbaining electrolytes,
nutrients, and other filtrasdle constituents including
waste products from the blood into glomerular filtrate.

The filtered subgbances cross the lipid-containing membrane
that separates toe fine wvasculabure from the glomerular
filtrate, Mest of the filtered substantes are resdily re-
absorbed frowm the renal tubules by passive and acktive trange
port mechanism to maintailn bacumostasis of the ZcF but about
1 ml., per minute of urine is not reabdsorbed aad is excreted.

The rate of glonerular Ifiltration of & drug is altered
by any changes in : 1) nuaber of funcvioning gloweruil,

2) hyérostatic pressurs within tue glowerular wvasculaburs,
A) osmobic pressure creabed by bths non diffusible consbtitue
ents of the vascular fluid, 4) reral blood flcw, 5) extent
of plasma binding, and &) back pressure from th3 tubulss,
ureters, and bladdser., Thus cowion causes of a reduced

rate of glomerular filtration are pathologic changes in

the renal vascular bed, and changes in renal plasma pressure
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