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ABSTRACT

The }nf?QEnce of sub-total nephrectomy in male -
w1star rats has beén 1nvest1gated ~ Three broad areas of

study were undertaken

i. SGOT BUN, Serum CPK, p]asma a]ka11ne o
,phosphatase, hematocr1t, p1asma and’ ur1nary g]ucose and

plasma amino ac1ds.“ R g

gTucos1dase, glycogen synthetase, UDP g]ucose a-1 4*@}_J'

‘ a—4 glucosy1 transferase, EC 2.4.1.11; ~and g]ycogen f ;:3
'phosphory]ase, a- 1 4 g]ucan orthophosphate g]ucosy]-
transferase, EC 2 4. 1 1) and hepatic G-6- POH

SR 491, The in vivo oxi.dation of M- gluéose to

i . T b

14 ¢ _14

COZ and iy vivo conver510n 0 C- g]ucose into 11ver and

plasma prote1n, and musc]e,11ver and ad1pose tissue 11p1d
,»and p]asma FFA o o '“, S ?ﬁ 7
| Sham operated rats ‘and rats w1th restr1cted d1et
“intake (1 e. .rats g1ven equa] amounts of d1et da11y as
'usually vo]untarlly eaten by uremlc rat) ‘were used as
controls; the latter to de]lneate the effects of starvat1on
and caloric def1c1ency from the effects of uremia. Sub-; _ _' _
tota] nephrectomy was found to cause the fol]ow1ng S\\\\\\
abnormalit1es or. derangements o . o R .
ﬁ( a decxefse of SGOT act1v1ty | ff
2; the appearance of 3 methy1 h1st1d1ne 'n



ps ‘/

:',decreased glucose residues per

LV

cn:‘tissue proteinland-lipid

k'phosphogeri:e and'l;methyl
‘histidi‘rle '

_hypoglycemla
";abnormal hepat1c g]ycogen.

- depos1t1on.
structura of ﬁepat1c glycogen, L '
;notably ‘with 1ncreaSeq,l46—bo ' |

.‘segment (by 44%) w1th a visjple -
ldepos1t1on ofoglycogenu1n-liver EM. .
~;an inverSevrelatioﬁghiB between

.hepat1c amylo l 6 glucos1dase

» % . 1

plasma, and eleVa#ion of . plasma

[

alterat1on of the 1ntra molecular
.

(by. 70%), segments (?y 68%) and’

non- redUC1ng ends (bg 67%), but

activity and glycogen synthetase,

‘decreased, or normal hepat1c

phosphorylase activity,'increased

" hepatic G-6-PDH act1v1t1es, and

1ncreased gyf%le phosphorylase act1v1ty\ >

a- shift 1n glucose utilizatlon patterns

by channellng preferentially a large

proportlon of glucose from peripheral

reserves for enhanced production of

vi

v

iy
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",early onset of uremia ‘ Impaired carbohydrate metabolism in

" CHAPTER I

. INTRODUCTION
J

f¥5ﬂ$heﬁmeasur Emént of blood urea n1trogen (BUN) to
‘monitor the progress of the chron1c urem1c condition is an
'accepted clinical approach however, e]evat1on of the BUN ©
above norma] occurs only when at 1east 25% of. norma] k1dney '

':ﬂ L
B

funct1on is 1ost Moreover, th“;BUN can a]so be ra1sed by -

stress, dehydrat1on, and other phys1o]oglca1 cond1t1ons
Therefore, it IS 1mperat1ve that an alternate: parameter

should be searched for, a parameter wh1ch can . pred1ct the

uremia is also a clinxca] fact The b1ochem1ca1 s1tes of
‘this effect. and the mechanisms 1nvolyed are not yet c]ear
: Th1s 1nvestigatlon of the 1nf1uence of sub tota]
»vnephrectomy in rats inc]uc= a study of : R -
. A, SGOT, serum CPK, PAP- hematocr1t and plasma
A 'glucose, 1n a search for an a]ternate‘. ; o
parameter wh1ch m1ght monltor the very
onset of nephron failure. ‘
B. .The depos1t1on of glycogen in e iiver, as -%)”
| revealed by EM and b1ochemfcal “isolation. | '
C.. The Structure of the liver g]ycogen o : ,l'."
D, | Glycogen cycle enzymes . SR |
f_E. z The“hexose onophosphate shunt | .
f&/_ The. plasma Qmino acid profile. T .'-f. : 'h/_
f Gf :\ggxgiig o*idatfon'Ofv]4C—U-qiucose‘t0314cpz and'

¢

1



N ‘. 2
%_; ;. .
j; 5 a2 \:;n“vivo conversion of ]4C u- g]ucose to\\-%,.~
%?; , k'glycogen, 11p1d and prote1n
" . In chronic renal fialure, 105S'of appetite isf
l/ ‘known to 1nf1uence the deve]opment of ~the c]1n1ga] syndrome
Therefore, to d111neate the 1nf1uence of sub total ;
f;f; nephrectomy in rats, the effects of diet restr1ct1on in
norma] rats were.also studied. |
e b
\\\\4 5
. N
& " el
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CHAPTER LI

LITERATURE SURVEY

-

AL Structure and Function of the Kidney

1. Structuka] divisfon‘relating"
| to funct1on

K1dneys are bilateral and retroper1tonea1 struc-
_tures . In humans, each weighs 115 to 150 g, whereas the
rat k1dney we1ghs from 2 to 3 g. ‘On Sagital section it can
be seen that the kidney conta1ns an outéf cortical aréa or
cortex (70%) and\an inner medu]]ary port1on or medulla (30%).
The cortex cons1sts of the g]omeru]es, proximal tugules,
_and d1$ta1 tubuTes. The medul]a cons1§ts_of the loop of
Hen]e,'the vasavrecta’(a'bundlé:of straight.yeSSels formed.
by effefentlérterfoles'of‘capi]]ary‘d{ménéjoh-to‘qip deep]y
into'médulla) and COl]ecting ducts (see ffgures 1, 2).

2.- MaJor funct1ons of the k1dney

The two maJOr functions of the kldney are
éxcretory,.by»means of which'it adJusts and regq]ates the
‘composiﬁion'and vdlume of the body fluids, and non;‘
_excretory, by means of which it regulatéé biological
systems and fgﬁctions.(nota51Y_red'bTQOd'¢e11 fofmatjon.ahd
possib]y b]dod preséure); The:éxcrefofy fuﬁétipn is*1argély
.ihterwoveﬁ with:the structure of the kidney. Each kidﬁey

has approximate]y one million nephrbns,-éach nephron



PROX. CONV.
42 %

OMZ +1MZ
22 %

~Fig. 1. Relative mass of the various structures and
zones of the human kidney. (H. Mattenheimer,
""Enzymology of Kidney Tissue," ‘in Enzymes ‘in
Urine and Kidney, Ed. by U.C. Dubach, 1968,
“Hans Huber, Verlag. ' — : o
(G1om = glomeruli; Prox. conv. = proximal con-
voluted tubules; Dist. conv. = distal convoluted
~tubules; Pap = papillay OMZ = outer medullary zonej
IMZ = inner medullary zone), o A '
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INTERLOBULAR,a ’ ' S ~ RENAL
ARTERY — « ,%RY .

__————-INTERLOBAR
ARTERY

'CORTICAL
‘GLOMERULUS

" Fig. 2. Sagittal section of the kidney, The upper half
‘depicts the overall gross anatomic arrangement.
The lower half demonstrates the arterial supply:



consisting'of the d]omerulus, the proximai'convoiuted
tubule (pct); the‘loop of Henle (descending and ascending)’
,‘and the distal convo]uted tubu]e (dect). The distal tubule
enters a co]]ecting duct which terminates in the ca]ycea]
system, draining other ﬂﬁphron %nItS ‘",3#5 course through
the‘Cortex.and the'meduliary pyramids (see figure 3).
| The capiliary surface of a g}omerulus (which does

the fi]tration) is about 1 5 cm2

‘The blood flow through
the human kidney amounts to 1 200 ml (w700:m1 p]asma)’per
minute, about 1/5th of th1S, that is, 120 ml“areifilteredv
per minute. Therefore, the GFR is 120 m1/minute or 20% of

the Rﬁf - This is the prﬁmary step in the formation of

~urine"¥0nly 1. to 2 m] of fiﬁal urine are excreted by the
'jkidney per minute, which means that of about 170 11ters of
fluid filtered per 24 hours, 99% 1s reabsorbed Approxi-=
.mate]y 1 000 g of sodium ch]oride, 360 g of sodium bi-
carbonate anda170 g. of g]ucose are reabsorbed togetﬁer w1th
| water, whiie a total of 50 to 60 g of:solids such as urea
~and other.metaboliteS'are‘excreted in 1;to§1.5 1itersdof ‘

arine. b

_Most“of-the;biood-suppiied toithe kidney'ffows- |
through the'giomeruii before it reaches the capillary net-
wori surrounding the tubu]ar tissue : Any restriction of
cthe;blood f]ow through the glomeruli reduces the blood K

”supp]y of the. tubu]es and if pno]onged, causes degenerative

changes 0¢ the tubular cells (as 1n the case of glomerulo-

'_nephritis
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£ . ‘GLOMERULUS ‘TUBULE HENLE TUBULE ~ DUCT
’ w L - - . 1. '3 ’
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\v " The colloid osmotic pressure of th&lblood reaching
:the tubules is\increased because 18 to 20% of the plasma
water,was’fjltered in the glomeruli. The increased colloid
rosmotic préssure faciﬂhtates the reabsorptfonfof water in
the medu]]a The'force requfred for'ultrafiltration is
der1ved from the heart.  The g]omeru]gr hydrostat1£ pressure
of 60 mm Hg is opposed by co]]o1d osmot1c pressure of 30 mm\
Hg and a capsu]ar hydrostat1c pressure “t 5 mm Hqg, resu1t1ng
in a net f11trat1on pressure of 25 mm .
| | The‘product1on of u;}ne is the result of three
,processes taking lace in the nephron. The first is
g]omeru]ar f11tra§1on, which depends on the effective
f11trat1on pressure which is the d1fference between the .
‘capillary blood pressure and the sum of . oncot1c pressure f
“and capsu]ar pressur; (Bowman s capsu]e) | The second |
vprocess is the reabsorpt1on of water and solutes 1n thé/
various~parts.of nephron. F1na11y,‘there is secret1on of
' so]utes into. the tubules ‘ cg?
o Both- reabsorptlon and secret1on are contro]]ed by
vact1ve transport mechan1sms (movement of substances agalnst
| concegtrat1on or e]ectrdthem1ca1 gradi-v ) wh1ch‘requ1re
energy as ATP wh1ch is generated in the cubular cells (mito-
_chondr1a near cap11]ary wa]]s) by .the enzymes of inter-

'mediary metabo]1sm (lower act1v1ty 1n the g]omeruli than in

the other parxs of "the nep*rons)

' \



Sltes of reabsorptlon and secret1on in the nephro5>
as 1dent1f1ed by m1cropuncture techn1que are shown in
- figure 4. The prox1ma1 tubu]ar cells have -a. brush border
and an en]&rged surface which enhance reabsorpt1on, the
f]uid pass1ng through remai 3 1sosmot1c w1th plasmas’ ’In
the loop S} Hen]e, the 1scsmot1c urine volume gets reduced \
before enter1ng the Toop- (which in some nephrons is very ' /J
short while in others, espec1a]1y those or1g1nat1ng from A
the Juxtra nedu]]ary g]omeru]us, it is ]ong and d1ps deeply

1

1nto the medu]]a

The medu]]a consErves-Water by a concentration'
mechanism. through these 1oops and- the vasa recta and main-
tains a concentrated medu]]ary 1nterst1t1um surroundlng the
collecting duct. This conservat1on is accompan1ed by the
vmovement of Na from 1ns1de the lumen of the th1ck a5cend1ng
portlon (cubo1da1 ce]]s)’of the Toop to the 1nterst1t1a]
2area without iﬁjompany1ng water. F}na] concentrat1on occurs
by~movement of water a]ong a. concentrat1on gradlent (inter-
| st1t1um) The vata recta then removes th1s water, ma1n-

v

~taining the h1gh concentrat1on of the medulla.

. D1sta1 tubu]es (with cub01da] ce]]s wh1ch are

-'smaller than prox1mal tubular ce]]s and w1thout a brush : - .
border) and collect1hg ducts (conta1n1ng s1m11ar ce]ls and '}d
sharing many functions -of the dista] tubu]es) are referred e

-'to as distal nephrons



10"

AR CoaEe o,
. o
- 'peJsIabes Hay

woliesedo. Buiipijusdu0d

IDV[) ) .PRQIOSQBOI soinp

woyqiotqes 850y

‘ojueies) e

Cpeissses o-xz

|

.‘oas,o.‘-o. mo Y]

|

» .
Posseg 010un ) o
‘wondiengnes 0¥y
18} posades yay
“poqiesanes Loy

ojvojed Ay seane

R LIL LT TR

‘uoiedhy seave; pinjy

LI T )

- eeisedhy seys|qaiee
‘e . ivssimdiejunon
-,

% cawn uipueses
why) iodsubig ey

veyqIegRe: 080y

NS08 SOADN) BIRjy .

—_—
AL TET T IR I

“-peqissqees Sgay

‘PpeQIOTQERes sjam

.0 % ‘oseon8 g1y .

———

"pes|abes jew nQVy

*PpeQIOsqRes
o¥n v,on %59

LTI -

ONIL23T109

3nens  visig

i2na

N

IINIAN 40 400N

2IN80L  YNIXON G

Sn1wanos .

Majbr functions of each bé?tion.of the'nephron. 

Fig. 4.

o
L



LS

In the distal tubule uric acid, and potassium are

secreted. Though ac1dif1cat10n starts in the prox1ma1
i
tubule, the distal tubule also secretes T and produces‘

,.NH3 to enhance the buffering capac1ty, ai]ow1ng more H ~to

"be secreted.

' Finai concentration of urine takes piace in the
co]iecting duct where membrane permeabiiity to water 1s
control]ed by ADH (secreted by the hypophysis). water moves-

from the collecting duct ‘to the 1nterstit1um a]ong the con-

, centration gradient created by high medu]]ary osmotic

_ pressure, with some reabsorption of sodium in this region

Thus, ‘the distal nephrons make the final adJustment in
volume, concentration an H of urine
| Carbohydrate, amino ac1ds, fatty ac1ds, and a

-~

number of intermediary metabo]ites of g]yco]ysis, the

;-hexose monophosphate shunt, and the TCA cycle are - metaboiized
i.by the cortex tissue, while the medulla mainiy utiiizes

”glucose both in g]ycolysis and in the hexose monophosphate :

shunt The TCA cycle is not functionai in medul]ary

fmetabolism

The cortex carries out metabo]ism aerobically,

) while in the'hedulia, metabo]ism is anaerg ic. ~Gluconeo-
»/hgenesis is potentially high in kidney (1/2,3,4§,6,7,67).

\
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. act1v1ty in the medu]la and papilla suggest that ammonia

12

[ 3.. thney-Enzymes 4 - ,
Enzymes of all major and speoiaT metabolic-path-
: ways are found in the renal t1ssues (8) Activities of
~ LDH, MDH G]DH GOT, SPT, and CA are 1ower in the glomeruli,
- while those of LDH, and GI1DH are h1ghest in the pct; those
of GOT and CA are maximum in the dct, while MDH and’ GPT are-
h1ghest in the medu]]ary rays : G 6-PDH is h1ghest in
'”glomerul1, 1nd1cat1ng a réﬂat1vely h1gh activity of the-
.hexose monophosphate shunt v ' o
- (a) - Ammonia Excretion.

Plasma g]utam1ne 1s a maJor precursor ofkur1nary
‘ammonia.. G]utam1n:se I, activated by phosphate, splits
) glutam1ne to ammon1a and glutamate, g]utam1n€se 11,
activated by pyruvate or 2-oxo-acid hydro]yses the amide to

“ammonia and glutamate (f\gure 5) (9)

High g]utam1nase act1v1ty in the cortex and 10w LA

;may be added‘to the.ur1ne in the cort1ca1 convo]utated

~tubules. GTutaminase activity increases uith increased | \j'
excretion‘of ammonia in rats Excret1on of ammon1a mus t

a]ways be’ accompanied by the excretion of H" ions to form

‘NH4 s AS ammonia d1ffuses free1y through the cell membrane

while NH4 does not. To estab]ish a high concentration ‘.

- grad1g§t between urine and 1ntestina1 fluid, NH4 must be

- formed tn urine. Carbon1c anhydrase (CA) cata]yzes the

'A‘ formation of H' 1ians: $
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Fig.

Pa - \Y/ \\\
-~ ~
_ s : N
7 _ .. glutamate N
7 o ! e ' N\
pd - : o \ '
e N‘Ha\\i’/,ATP S \\.
(glut. \iynth.) , . : \
SeapP + P . |
: (qluf. T) S /I
GLUTAMINE — giutamate
MRy
lummotevpyruvou {-/Z-oxoglutoroto - aspartate
, . (alAT) (glut. 11) - (AspAT)
_ 2-oxoglutdrotoA alanine -4 \'- qlutomoto oxoloocetoto
‘ 2- oxoohﬂoromote /////’ '
NHS _ N\
citrlc ocid
‘amino acid 2- oxogluforo o-.—.- g

pool | ADH,

(ommo trunsfomus) (6D

H
GL UT?

cycle

Interrelationship of thé ‘reactions .involved in
ammonia metabolism in the-kidney. As there is
doubt about the glutaminé- synthetase activity
in the dog kidney, the reactions fnvolved are

-grhpresented by a dotted line. (V.E. Pollak
et al. Clin.. Invest. 44, 169 (1965). -
IﬁéFTcan Society for ClinT?al.Investigation, Inc.:

AspAT = GOT, A1AT = GPT, GDH = GIDH.
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. CA
COp + Hy0 ———= W,

' T & -
CO3 v H + HCO3

“In the rat CA is inhibited‘by acetazolamide.
gghis does not diminiSh'renal ammonia production but
decreases ammonia excret1on by dlvert1ng ammon1a to rena]
venous blood. CA~ medlates both H excret1on and reabsorpt1on
of f11tered HCO3 . CA has been shown by m1cropuncture to

be: loca]1zed 1n the 1um1na] membrane of*proximal tubu]ar

- cells and 1ns1de the cells of prox1ma1 and distal tubu]es

The decr%gse of pH occurs s]1ght1y more in dlstal segments
vuof the prox1ma1 tubu]e and great]y in co]]ect1ng tubes
, | | (b) DehydrogenaSes and o _)
| S\.] : | Am1no Transferas>§\> |

Am1notransferase contr1butes to ammon1a production

‘ V1a g]utamate dehydrogenase and a]so by am1no ac1d reabsorp-7‘

‘ t1on LDH . 1soenzyme patterns d1ffer 51gnif1cant1y in the
nephron from spec1es to spec1es “In the rat LDHI (heart
'type) preva1ls in t1ssues w1th aerob1c metabolism (h1ghest
‘1n the cortex) and LDH5 (musc]e type) is most abundant in
t1ssues w1th anaerob1c metabo1lsm (h1ghest 1n the medulla)
| | (c) Renal Enzymes in;e

' Tubu]ar Dysfonct1on 4 )

“In tubu]ar ac1d051s, the k1dney Ioses its abi]ity a

to excrete an ac1d ur1ne The excretion of ammonia is
' "reduced and the urine conta1ns bicarbonate, probab]y due to

a def1c1ency of CA.

14



In hypokalemia, LDH activity in the pct and the

'dct increases due to impaired ATP synthesis;'and glycolysis

may become an alternate .pathway for ATP synthesis. . ~This fs'
'supported by the fact that in k1dneys of hypoka]em1c rats
rthe Pasteur effect (1nh1b1t10n of g]yco]ys1s by oxygen) can-
not be shown

| .4, ‘Urinary and Serum Enzymes

The kidney is the,source-of urinaryvenzymes,

About 30 enzymes inciuding Oxydoreductases; transferases,f
'hydrolaseg andv]ysases have been detected invurine;pof

“ which only a few eniymes (edg LDH, alkaline phogphatase;
8- glucuron1dase, catalase and . LAP) have been 1nvest1gated

to monitor renal funct1on Other potent1a1 sources of .

urlnary enzymes are erythrocytes, and 1eucocytes in patho—
P

15

logical conditions (10) Lack ‘of spec1f1c1ty, 1nappropr)ate ——

)negat1ves, lncreased values in the absence of d1sease and
1wide day to day f]uctuat1ons 1n excretldmﬁare maJor prob]ems
in mon1tor1ng these %hzymes (10 11) In acute renal fa11ure,
"'elevated ur1nary enzyme concentrat1ons are reported as ‘a

result of t1ssue damage Kemp et al

(12) reported
elevation of»serum -LDH, and aspartlc and alan1ne trans-
'am1nase in ear]y phase of the.anuric ep1sode In CRF

Ringoir et a_ (13) reported e]evat1on of the tota] LDH and

}LDHS actjvity in post dia]ySIS b]ood Eschar et a] (14)
' reported an increase in serum creatine phosphoklnase 1n 43%
of uremic pat1ents and 50% of these pat1ents after

mer1tonea1 dialys1s

r—ll



B. Renal Function Tests

1. Qualitative Tests :
(a) ‘Blood Examination for
|  BUN and Creatinine
Y ' 'Renal function in man and.anima1s is comenly
eva]uated by the determination of blood urea. Fifty per;
'eent of serum NPN is contributed]by urea, the remainder
; being creatinine,_creatine; uric acid and amino acids.
"As renal functibn-diminishes, the NPNdrises; |
slowly unti] GFR fsdredueed:to 50%, after which‘b1qu}NPN

levels become significantly dreater than normal va]ues.'vIt

4__3 .
P T

g.has been - known that serum urea 1eve1s 1ncons1stent]y rise
or rema1n near normal even after acute or 1ong term damage
to the k1dney (]5 18) Others have found thatb]ood urea ‘ Y

can be raised by cond1t10ns ]1ke stress, dehydrat1on.
,c1rcu]atory fa1]ure, t1ssue necros1? and gastrolntestinal

o T iy

b]eed1ng (19) “, h : “wsu, hfxn«' ey

©

o

function 1s less than 33% of normal‘a u' al

q

'e1evated creat1n1ne and BUN are re11éd upo;w

J-\l

'blood) are most re]zab]e; The rat1o of BUN t%;k nf? -

';x- .»

fcreat1n1ne (lO ]) may be very usefu1 1md

d1agn051s (20)



—/

The funct1ona1 reserve. of the k1dney has been
establlshed by the re]at1onsh1p between plasma urea and GFR

as fo]]ows \‘,

Q = Kx GFR x P

whére;GFR =.9iomeru]ar_filtnation rate,
“ P = plasma brea Tevel, . »
= concentration of urea in g1omeru1a§ﬂ;7j,' e,
K = a proportionaiity constant.

In‘acute renal failurev(ARF) the correletion;'
between the severity of the. 111ness and the BUN 1eve1
app11es more closely than 1t does in chron1c rena] failure
(CRF). In CRF the p]asma creatlnwne concentratlon (QU.

1ndex of muscle mass) seems ‘to offer a better 1ndex of the

x"degree of_renal failure than BUN,‘part1cu1ar1y;when the

patient is on a low protein diet'(21).
‘ (b) Serum Enzymes - ©

Estimation of serum enzymes is an insensitive

method of assessing renal function. “Karl et al. (22) found

no change in G-6-Pase, G-6-PDH, GOT and glutamic pyfuvie

‘transaminase in rats with protein-urea, tubular dilution,

and fragmentation of the brush bordek,_bhtjpbservedfs1jght'

'depressiqn bffalka]ine phosphatase."Bea]tyhgt gl; (23)f

‘found that serum enzyme patterns. varied only siight]y from -

c%ntro] when k]dneys were damaged elther by- crush1ng, CC]4

or anox1a, serum LDH sl1ght1y 1ncreased but esterase and MDH

showed no change ~

17



(c) Examination of the Urine

il Y
u

for Pfotéﬁn
Increased output Of'ukinary_prdtein indicétes an
increased tonc§ntFation in the g]pmoru]ar f11ﬁ;ate, de-
treased re&bSdrption; or its diffusion from damaged tubular

ce11s_into the urine. Protein excretion is lower in tubular

than glomerular damage. "Tubular proteinurea":is character-

ized by a predominance of 8- and y- globulins, and increased

. actiVity of urfnary ]ysozymegand ribonuc]edée due to a de?
‘creésevin tubular protein keabsorption. |
| v {d) Urinary Enzymes

o As“indigated earfier,‘e]evations of;urinary4 
enzymes are non—Specffic‘(24,25)., Elevation of Bfg]udur-
~onidase, for example; indicates‘pye]oﬁephritisvrather,thah'
infection Qf the'jower,uriﬁary tracti(26), Nonetheless:, ‘

i seriaT'measurément of ULDH'and UAP are considered to be use-

ful in evaiuatihg the course and type of glomerulonephritis

(26). ULDH, UAP and lysozyme are considered to be aids in.

the-diagnosi§ of kidney transglant rejection (27). .Lysozymé‘

.eXCretion was found SUitéﬁie for the cliniéa] diagnoSiS'gf
impaired,rénal'tubu]ar function (28). Cata1ase@is'used.a§
a:stfeéning teét for urine (29). Acid phosphatase
vhas'been‘suggested as a test for uni}étera] renal diseése

oy,

18
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UGOT has no source other than tubular cells, and
Mason et al. (31) proposed its use to Stidy renal damage.

A

~Dunn et al. (32) found no e]evated UbORzin.animals with
hepat1c or myocardial” damage or by inje

tion of that enzyme,
~-and Chinsky et al. (33) found only a small rise in UGOT 1n
“patients with h1gh serum levels. |

(e) Excret1on Tests

The phenol red test (PSP; 0.1 mg in
saline per Kg body wt) requ1res determ1n1ng the per cent
‘lexcret1on in 30 m1n es or 120 minutes. Seventy flve per
cent of the ~is bound to p]asma prote1n and 70%-is i
extra ted fr0m the blood during a single passage through
the k1dney, partly by g]omerulag/;1ltrat1on but most]y by
tubular excret1on (34 35,15,36).

ii. At low blood leve1s, the excret1on of

'PAH is a’ measure of renal p]asma flow (RPF).

EQJ Quant1tat1ve Tests

e . ;‘t (a) C]earante'Tests

| ,‘Th term was flrst us=d by Moller for the. excret1on .

i of urea (37), and then by Jo]leffe et al - (38) for the
vexcretlon of creat1n1ne to determ1ne the rates at wh1char
:kidneys excrete var1ous substances in re]at1on to the1r

ooncentration in plasma These methods are app11ed to |

estimate GFR, RPF and maxlmum excretory and absorpt1ve

"capacities of the kidney tubules (Tm) (39) o SR

hs ]
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o
v -GFR is méaSured by'using/an‘inert'SUbstance which
w111 be comp]ete]y f1]tered,,and not be metabolized nor be
reabsorbed or secreted by ‘tubules. Inu11n is an 1dea]

: substance, but comp11cated chem1ca1 ana]ys1s presents
d1ff1cu1t1es in its c11n1ca1'use;_ Endogenous creatinine
c]earance determination is best. | -

The c]earance of creat1n1ne represents the vo]ume

L of p]asma cleared of 1t in 1 min by" the k1dney, and can_be

‘f; ca]culated from the concentratlon in- the p1asma (P), ‘the

. 2 Ux V o
,Creat. : P o

If the c]earance of a substance is less than that of 1nu11n
/ ‘then it is reabsorbed by the tubu]es, if the clearance is
‘more than that of inulin then it is secreted by the tubule.-
\Slnce 1nu]1n clearance represents GFR c]earance indicates
measurement of RPF and GFR |
Qua11tat1ve aspeets of rena] function e related

from Ive and the uptake of 203Hg ch]ormerodr1n (40) by
determ1n1ng the amount passed in urine in 24 hours ¥b¢40wing

an i.p. dose, and ‘the, amount reta1ned in kldney tissue bi-

“gfs;opsy or autopsy The resu]ts are expressed %s the ratlo of

- -

-

counts per g t1ssue to counts per ml of urine. Normal]y,
'lthe rat1o runs from 2 to 6 and increases with the degree

of renal damage, another radiolsotopic test measures. rena]
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h1ppuran uptake» concentrat1on and excretion after a single.
.i.y. injection (H1ppuran renogram) *This gives a sensitive

'compar1son of one k1dney with the other and is a qua11tat1ve

. test of renal funct1on (41): h

Internal. d1str1but1on of b]ood flow is est1mated
by the d1sappearance from the kidney of a d1sso]ved radio--

active gas_ (Krypton) (42) Rena] artlography is more,

"fsens1t1ve (43) but v1sua]1zat1on of b]ood flow can be ob—

99

”ta1ned after 1n3ect1on of Na TcO4 fsodium pertechnLtate),

. us1ng a y Camera
| .(b),fThe.Test tpr Isosthenuria
(Loss of'Kidney Capacity to
Concentrate or Dilute Ur1ne)v
‘ Th1s can be done by measurlng the spec1f1c grav1ty

[M

| and osmola]1ty of ‘urine (U sp and Uosm)“. To test the d11ut1ng
capactty, 1arge quant1t1es of water (2 m]/Kg body we1ght
' ‘every 3O-m1nutes)-are‘g1ven and hourly rlne vo]ume and
osmo]aii%y measured At other t1mes the patlent goes with-
"mout water for 12 to, 24 hours and the max imum concentratlon
“of, urine is measured o | o 2 |
| _'Norma11&:§q§ volume of,urine‘fdrmedveach'day'is
I Viter per 170 liters of water filtered. In acute renal
vfai]ure (e-g ol1gurha,‘anur1a) th1s may fa]] to zero.’ The
‘norma] spec1f1c gravity of ur1ne is between T. 002 to 1. 045
depend1ng on the type of substance excreted and the'~

osmo]a11ty

21



Se' sitivity of the Tests

(a)

(b)

(c)

 tubular damage, or renal flow '

‘Proteinurea is the indication

of glomefu1ét quage,
The'phehpl red secretion test
is less sensitiVéf%hahldther‘
tests |

The c]earance tests are

ted1ous.tobperf0rm\an¢ v

vreSultsmqénnot be {ntérpretéd

in terms of glomerular damage,

when the kidneys are damaged,

: and these tests are no more

sens1t1ve than the s1mp1er
concentrat10n tests

The d11ut1on test is less

- sensitive than the concentration

test to indicate renal

funct1ona1 abnorma11ty (but

‘jreduct1on 1n food 1ntake
" especially proteln 1ntake may'?
affect thé'concentration test)

.and pap11lary necrosis

The CPAH is the quant1tat1ve

| test'for prox1ma1 tubular

function.

22
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(f)  Condentration and dilution .

(a)

 (b)

(d)

tests measure medullary

function (100p,bf:Hen1e;

.and co]]ecting.ductﬁJ; -

Usp:

. mOS.

BUN:

Serum

‘Diagnostic-Tests and Normal Values

~normal values: morning

= 1.02. In ARF increases
| (cogientration)
In»CRF Hefreases
‘(dilutjon).-
norma]: v800:to 1,350 mbsM/Kg
| In ARF jhcreases '

 'In CRF decreases

normal: 7.2 t0.20.2 mg/100 m}
. : : . : 3

In ARF increases

In CRF déﬁreases‘

Risés-when normal
;~quﬁct{onvdecfeases
“”by more than 20%.

creatinine (more reliable
a’ _ re r ;

than BUN). No appnéciable_J

rise Wi]T be recorded until

" over 60% of the glomeruli

are destroyed.

normal: 1.19 mg/]OOkm1 (men)
e 0.96 mg/100" ml..{women)

23
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~ e]evated and Ca*+'isgdecreas

o . | ‘ , ¢

25
.The predom1nant cat1on is sodlum, prote1n

regu1ateé osmot1c pressure, bxcarbonate increases in

alkalosis and decreases in acidosis. |
In ARF genera]]y there—is._an increase gt NaC]

(hypernatrem1a), Mgff, (hyperka;;m1a) and Ca * but in

CRF NaC1, K, are normal or slightiy elevated, Mg"" is

P]asmawand urinary pH
measure d1sta1tubu]arfunct1on$\VTh1s 1s done by - the ammonium
ch1or1de 1oad1ng test

- 5. - Diuretics

Nore nephr1ne, caffe1ne, theophy]11n and others

L ]ead'to-an increase of ~teriol pressure of the k1dney w1th
-an 1ncrease of GFR. Urea, mann1t01 sucrose, etc ,_1ncrease
”tub u]ar osmot1c pressure to prevent reabsorpt1on Other

*'wd1uret1cs such as rh1oroth1az1de decrease ant1d1uret1c

.

hormone : : S S o . .

) ; i

:C. 5Ne:hr0n Failure

’
i

It fas been e"t1mated that 20 to 40 p;5p1e per

, m1111on of population below the age of 60 will present each

year with 1rrever51b1e rena] failure In the U. S A 4 000

to 8 000 peop]e present for d1a]y51s each year sIn Canada,

5,000 people suffer from urem1a each year . No‘statistics

are ayan]ab]e for the developing and yndeV910Pin9_CCUntf195-

&



1. Def1n1t1on and Et1o]ogy
Rena] failure or 1mpa1red k1dney funct1on due to
fa11ure of nephrons, the funct10na] units are of two types:
(a) Acute Renal Fa11ure (ARF)

Rap1d and severe’ reduct1on of rena] excretory

function (e.g. decreased GFR - norma] 125 m]/mln, o]gurla -

decreased ur]ne, anuria --.absence of urine secretion) may
be due to:
~i.°  prerenal causes (decrease of cardiac out-
L _

- put due to trauma, shock hypoxia, necrosis)

ii. post rena] causes (obstruct1on of the

ureters (i.e. obstructzve uropathy 1ead1ng to 1rrevers1b1e :

parenchyma] damage)

iii. rena] causes due to d1stort1on of renal
arch1tecture e1ther in tubu]ar or. cort1ca1 necr0515 or e7
'tubu1ar b]ockage or d1sease of the g]omuru11 Trauma, ei
card1ac fa11ure, bacter1a1 endotox1ns and exten51ve burns
“lead to a decrease in b]ood vo]ume and then to a. decrease
1n card1ac output g1v1ng rise to rena] vasoconstr1ct1onH

'Th1s causes rena] 1schem1a, d1srupt1ng tubular 1ntegr1ty

and necros1s In the course of time, with care and treat-

'ment, 1t may be reversed
| - -(b) Chronlc Rena] Failure (CRF)

Th1s is a c11n1ca1 state of progressive
'destructlon of nephrons (1rreverswb]y) over many months or

;years unt11 the k1dney no 1onger functions CRF hasuthe'}

26



same effects;dn body f1u1ds as ARF, but these effects are
1@@s severe, In CRF the common]y occurr1ng renal causes
‘are: H
ft Arteriosc]erosis‘(i.e. disease of blood

uessels thickening up).

A ti. Pye]onephr1t1s, a progress1ve destruct1on
of the structure of renal tubules and glomeruli by 1nvad1ng
vbacterla, abscesses, po]ycysts (a heredltary‘d1sease) or

trauma (45)w
D. Uremje and the UreaVCycle

 The term urem1a, mean1ng urine in the-blood, was,
'11ntroduced by P1orry in 1840 and 1'He-ritier. Renal

&
_fa1]ure was regarded as a form of po1son1ng of the blood

*

due to- reabsorpt1on of urine. HNow, the term uremla is used‘

c]1n1ca11y to descr1be “the state pr1nc1pa11y assoc1ated with

' the retention of n1trogenous g:tabo]1c products; the
cond1t1on is characterlzed by an elevated blood urea con-

,centration, though the e]evat1on does not necessarlly

- uorre]ate_w1th other'aspects of'renal 1nsuff1c1ency (1).

J.P. Perers (46) in 1935 wrote‘"the k1dneys appear

~ to serve as the u1t1mate guard1ans of. the const1tut1on of
the internal env1ronment" The kidney carr1es out- t 
‘homeostatlc funct1ons by the process of g]omerular f1]-
'tration, EUbular reabsorption and secret1on and thus ‘

vregulates the - coneentrat1on of metabollc end products, the

27
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osmotic pressure, the volume, and the ionic composition of

the internal environment. In renal fai]ure, he end

results are the alterations 4n the constitution of the in-

ternal environment, the fundamental biochemical signifibance

in the sustenence and maintenance ofklifé%
1. The Role of Urea‘andAOthéh
Toxic Metabolites |
Urea is formed oh]y'in_the liver and may be
.~ regarded as the ehdebrbduct of protefn,eeteboTjsm, It is
distributed throughdut the total body wétef havingfequalﬁ
coneentration in the intrece]TuTar andvextreceliulaf fluid.
Thue'itsvconcenfratipn is the same fn whple blood'as‘in
'seruh; In honfacute dieease, and in health, the fate of
excretion of urea is eﬁua]”to its'rate.of productioﬁ in the
body. It is excreted by‘g1oheru1af filtration, although'.
jha]f of the amount f11tered d1ffuses back 1nto the blood
~through the tubu]es  The re]at1on between BUN and GFR is
, Such that at any:given rate of ukea pfoduetion theiﬁe?:
prodﬁct remainsiconetant (toﬂkeep'hefe.of excretion'eq0a1;

to rate of production). I ‘ L
BUN x GFR = K

It can ‘be seen from flgure 6 that the BUN .is not'
a very precise measure of renal funct1on, because before

the BUN r1ses above normal a considerab]e deterioration of

renal function must be present. At normal rates of protein
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"CLINICAL
EVIDENCE
OF RENAL
FAILURE

_"Renal Failure with Uremic. »Synd_'rome"‘

'Renal Failure"

BUN L
or

Serum |
- Creatine - . _ N o .
(mg./100mL) Renal insufticiency”

n u
 Asymptomatic. D‘ocr?osod . Reserve

A j T - l‘ . N
| 50 100
OVERALL RENAL FUNCTION (or GFR)
(% of Normal)

Fig. 6. The relationship of clinical manifestations
‘ - (BUN/serum creatine) to renal function.
.(Modified from a diagram ,in F.H. Epstein.
. The treatment of reversible uremia, _
‘Yale J. Biol. Med. 27:53, 1954. The Yale
.Journal of Biology and Medicine, Inc.).

, @f.-  | o - ,v . - i
T L C v _ ,L‘,



catabolism, an 1ncrease of the BUN above the normal range

occurs when the GFR is reduced to 30 to 40% of norma] ®

(f1gure 6) Thns degree of. depression of renal funct1on at
wh1ch the BUN r1ses may be marked]y affected 1f the rate of
brote1n metabo]1sm changes If catabo]1sm is rap1d as in
trauma the BUN may rise above normal limits even when the
e'GFR 15 d1m1n1shed by on]y 50% or less. Converse]y, when
'prote1n catabollsm is slow, as in prote1n starvat1on and
Fchron1c d1sease, the rise of BUN 1nto the abnormal range_v
" may be de]ayed unt11 the GFR 1s reduced to 20% of norma]
Consequently the rate of prote1n catabo]lsm must be con-‘
sidered in 1nterpret1ng the BUN. ‘
It has been known for a ]ong time that urea,

creat1n1ne, guan1d1ne, and methyl guan1d1ne and 1ts

‘der1vat1ves are potent1a11y tox1c if they aqﬁimu]ate in

urem1a Nephrectom1zed dogs, when ma1nta1ned by peritonea] |

d1a1ys1s with a high urea bath, produce features of uremia
(27). Foster in 1915 1so]ated from urem1c blood an organ1c
base Wh]Ch when 1nJected 1nto the gu1nea p1g caused tox1c
symptoms, for example, rapid breath1ng, muscular: tw1st1ng,
convuls1ons,and death (48) Harrison et al. (49) 1solated
) guan1d1ne or guan1d1ne ]1ke der1vat1ves, and Olson studied
creat1n1ne, potass1um, nephro]y51ns and pheno]s in uremic |
- pat1ents to corre]ate them w1th the severity of the disease

(50). It has been shown that upon inJection of guanidine,

30
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guan1d1nes that accumu]ate in chronlc ‘uremia) produces .

tw1st1ng, convu]s1ons, coma, hemorrhages, gastroenter1tls,rw

N

erythrocyte hemo]ys1“”,pnup+trs"ﬁgﬁdfyi1c anemia, thrombo-
EcytOpen1a, anorex1a, vom1t1ng, d1arrhea gastro—1ntest1na]
..ulcers, per1phera1 neuropathy, tw1tch1ng, ataxia, muscu]ar
hypertox1c1ty and other symptoms in dogs (20 51) : S1m1nhoff
et al., and Kramer reported accumu]at1on in uremic b]ood of
' urea, methy] urea a11phat1c and aromat1c am1nes, creat1n1ne,:'
creat1ne,'ur1c acwd certa1n am1noac1ds, po]ypept1des,_ |
1nd1can, h1ppur1c acid, conJugates of phenols, pheno]1c and
indolic acids and the1r conJugates, organ1c acids ﬂ;fne :
TCA cyc]e, guan1d1ne bases, aceto1p,‘2 3- buty]eneéj]ycob

(52 53) and g]ucuron1c acid. and 1nd1can and 1ndo1es (B§ ‘ e
.1ntest1na1 bacterial action) (54) H1gh concentrat1ons of '\ -%;H

ﬂﬁi'

”guan1d1nosucc1N1c acid in the ur1ne of qremnc_pat1ents was -

reported (55,56). Cohen.etAaéupspecu[gﬁgg that'nitrpgen
retention led to a]teratlons of, zi
detox1cat1on and urea synthes1s and repnbssion of normal
enzyme act1v1ty, and elther the actlvatlon of dormant
enzymes or the appearance of new enzymes (57) Ste1n et a]
also reported 1ncreased serum and cerebrospinal fluid con-
centrat1ons of GSA and conflrmed the high urinary excret1on
in chronlc rena] fallure (58) GlovanettI et a] in 1968
.reported the presence of h1gh concentrat1ons of methyl

guanid1ne, a constltutent of creat1ne (methylguanldo acetlc

ac1d) and a der1vat1ve of creat1n1ne, in uremic p]asma (59)

~
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Thedalternate metabo]iC'pathway for ureaisynthesis (as
described under'"urea-cytle“) in chronic renal failure
‘Mproposed“By‘Cohen et al. is cons{;tent with an increase in
methy]l guan1d1ne concentrat1on G1ovanett1 _t al.
*:demonstrated the h1gh tox1c1ty of methyl guan1d1ne and 1ts
catabolic;effect in exper1menta1 dogs (60). It was shown
that antibiotics, by reducing intestinal urea sp]itting'
'microorganisms.and the formation of ammonia; can limit

synthes1s of non -essential aminoacids and tﬂk amount of

,.'prote1n synthes1s in uremics on very low prote1n d1ets (61).

2. Urea biosynthesis
Urea represents the n1trogen equ111br1um between
'the d1etary intake of. n1trogen ‘and the sum of the daily
renal excretion of n1trogen in the form of d1verse
| compounds (for example, creatinine, uric acid) and ammon1a

.o i

vFormat1on and excret1on of urea is the body 3 "1eve111ng
g o

dev1ce ‘ That is, a pos1t1ve n1trogen ba]ance leads to .

.vd1m1nut1on of urea excretion and a negat1ve nitrogen ba]ance

1S due to excessive n1trogen excretlon ‘as urea at the expense

3

of body prote1n
| ' The large amounts of ammonia formed by deam1nat1on
B Of'aminoacyds are h1gh1y tOXTC. The animal body detoxifies
it rapidly in thefliyer.beforefrelease,1nto:the system1c
circu]ation by conversion to urea through'the urea cyc1el

- 0rn1th1ne and c1tru111ne were known to 1ncrease thé rate of

urea productxon.' Argin1ne was found to be an 1ntermediate
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33
product'of the reagfion.” The liver enzyme arginase,hydro-
1yzes arginine to ornithjne and urea. Krebs and-Hense]iet
'proposed the cyclic mechanish for urea synthesis through‘
?rnithine, citru11ine,_arginine, ammon%a and COZ. Thus
urea synthesis is a comp]ex proceés which involves primary
fixation of'CO2 and NH3, and the format1on of c1tru]]1ne
and 1ts conversion to arginine (62-64). -

| The first stage in the urea synthesis is the

format1on of . carbamy] phosphate formed by the react1on of
sNH4 and HCO3 in the presence of ATP and Mg‘ , and
catalyzed by carbamyl phosphate‘synthetase (63) Carbamy]
phosphate converts ornithine to c1tru1]1ne, med1ated by
liver enzyme ornith1ne transcarbamy]ase Arg1n1ne synthesis
stems from citrulline which condenses with aspartlc acid to
form arg1nosucc1n1c acid under theA1nf1uence of arg1n1no- ‘f
}; uccinate.synthetase The product spl1ts into arg1n1ne and
‘éimarate as a result of c]eavage by the enzyme arginine
_synthetase Arg1n1ne is then hydro]yzed to orn1th1ne and"
'urea by . arg1nase, thlS react1on, wh1ch results in the |
format1on of urea, occurs on]y in 11ver - 0f the two N atoms.
- of urea, oné is derived from ammonia through carbamy]
.phosphate and other from aspartlc acid through argln1no—
; succ1n1c ac1d (see flgure 7) | |
The process is endergon1c. requlrlng 1n the order
“of 10 KCa]/moles Coup]1ng_of*the transamination react1on

andvthe reversible oxidatirevdeamination_of'glutamfc_acid

o
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Metabolic interrelationships of certain
“nitrogenous suhstances, the end products
~of which become .elevated in nephron ' /s
failure. (Nephron Failure.by J.B. :

"Dossetor and M.H. Gault, Pub. Charles
C. Thomas, 1971). : '

»
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to a-keto glutarate and ammonia is the mechanism for

~

\

-

remova] of the amino group from am1no ac1ds as NH3, and
»a]so "f1xat1on of NH3 into am1noac1ds as - NH2 groups 65) (.x
Aspart1c acid contrtbutes its nﬁtrogen atom to ' %?

urea vja argininosucdinate, an,intermediate in afginine \
formation (as‘shownijn figure 7),‘-Aspartate formation‘frOm {
_g1utamatevvia.transamination uith oxa]oacetate.providesﬁa
.neohanism for ohannelling theﬁamino gnoup fnom amdno acfds N) .
5into urea (see:figure'B)."Recentiy,,tﬁ% isolation of
‘guanidino succinic ‘acid (GSA) from urem1c bldgd supports ’ : {/J
- the evidence that feed back 1nh1b1t1on occurs, 1n urem1a |
Norma]1y, GSA is foundaonly in uremia, but 1S»not détectab]e
in norma]'blood ' In uremia; the GSA present in the blood is
built up of creat1n1ne, creatine and guan1d1noacet1c ac1d ‘
GAA) (57,66). GAA is synthes1’ed in feedback inhibition of
' am1d1notransferase which converts g yc1ne and arg1n1ne to :
orn1th1nefand guanidinoaceticvacid (see figure 8), that is,
“by the alternatiye:pathway of urea‘synthesis as pnoposed by"
Cohen et al. (66). If the normal metabollc pathway is
ﬂnh1bited by reta1ned n1trogen, and aspartate*arg1n1ne
am1d1notransferase enzyme 1s,present then ut1]12ed arg1n1ne=
could be shunted 1nto the. synthe51s of GSA

 Cohen _t _l also proposed a poss1b1e scheme for»’
reut1]1zat1on of ureabfor the biosynthesis of non- essent1a1
amino ac1ds (see flgure 9) (66) in wh1ch GSA orlg1nates as

an 1ntermediate o _ ‘ R ‘
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. Fig. 8. Possible alternate route for synthesis of
- urea.- This is predicated on the existence -
of an aspartate-arginine amidino-trans-
ferase, an enzyme which would-be analogous
to that resulting in the transamidation of
glycine (Cohen, B.D. et al., Amer. J. Clin.
Nutr. 21, 107 :(1968). . ,{; :



Each step of the urea cycle. (figure 8)‘is_
reversible up to but not including the breakdown of arg{nine

to form urea and ornithine. Reutilization of urea, in

essence, imp]ies reversibility of this latter step (figure 9).

E. The Uremic Syndrome
Symptoms of the uremic syndrome involve. many

-

body’systemsw(67,3,20), including the gastro intestinal

- system, the eardiovascularisystem,_the:biood, the nervous -
system;—the respiratory systemiand the*ske{eton. |
1. The Gastro-intestinal Symptoms

" These symptoms are cheracterized by anorexia,
nausea, vomitting, hiccups,‘1e£hargy,"somnolehce‘and'
excessivevthirst, Upoerioastro-inﬁestinal manifeStations‘. 
include‘a‘dérk tongue, Uremic breath odour, a taste of
ammonie’and ulceration_anymhere fhpm_the mouth to the anus,
"Uremic frost“}on 1ips, ab1ead.tastevinp¥he mouth, and
disco]oratiom of the skin (ﬁmochrOme'o;'yrinafy pigment, a
sallow co]oration)imay be present. . |

) 2; G;rdi /ascular Symptoms
These symptoms are man1fest as hypertens1on,'

edema, and pu]monary congeﬁfzon

37 .

(a) Hypertension L ' ‘ ;'.

More than 80% of uremic cases deve]op hypertens1on

‘The -causes. are of two fold - e - ’ ‘ef

‘o



Fig.

| qudiﬂosﬁccinoto\\\

Ornithine

Aspartate ~ + " Arginine

Arglni{\osu ccinate

—

Poss1b1e scheme for reut111zat1on of urea.
‘Urea condenses with aspartate to form
guanidinosuccinate, which in the presence
of ornithine restores arg1n1ne Thus the
breakdown of arginine is reversible and
permits the entrance of urea into-a number
of protein anabolic pathways. (Cohen, B.D.

et al., Am. J. Clin. Nutr."21, 407 (1968)).
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CiL the‘increaSedvsecretion pf renin by t-e
juxtag]omurUIar apparatus (JGA). . The JGA*con51Sts of a -
portion of the distal tubules wh1ch lie close to the
afferent and efferent arter1ols and. the g]omeru]us of the
same nephron. »The d1sta1,tubu1arucells (mpre cq]umrar)}y
called macula denSa; the J-G cells, and’the ce1ls‘hetWeen-

the - d1sta] tubu]etand the’ g]omeru]us (ca1]ed Lac1s ce?]s)

form the entire JGA (see f1gure 10) These ce]]s of JGA

— ~

are sensing and.a]so secretory organs,v and are‘sens1trve,to
.a change of. pressure w1th1n the afferent arter1ole o
'Recogn1zrng a decrease 1n perfus1on pressure : they respond'
by secretfng renin. Ren1n, a proteo]yt1c enzyme in the

plasma acts on an a-2- g]obu11n to produce ang1otens1on I‘
ia decapept1de Arg1oten5101 1 .is converted by enzyme act1on' -
to ang1otens1c I:,.an octapept1de (a hyperten51ve) , Ang1o;f‘
tens1on II, a nypertens1ve, is also a potentﬂstlmulus to

[

aldosterone setret1onpby theradrenal gland. -Thus.angJo- :

‘tension II'ca;ses-arterio]ar"COnstriCtioh (hypertension),
. o o e e R

band an 1ncrease in b]ood pressure
’ii._ there 1s an expan51on of effect1ve extra‘
ce]]u]ar fluid vo1ume and b]ood vo]ume (EECFV) wh1ch f,j L

decrease rena] secretlon of sodlum A decrease 1n EECFV
\ “ . “_5 '
noted by J G ce]]s, wh1ch secrete ren1n, fol]oweﬂ by the

o

tformat1on of ang1otens1on 3Angiotens1on then stImulates
aldosterone secret1on wh1ch stimu]ates reabsorption of

sod1un and expansionqoffEEng, (see f1gure ]1) **he

oo

~
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'1ncreased blood vo]ume causes an 1ncreased card1ac output

wh1ch prov1des too much b]ood f]ow through the twssues

(b) Edema
Edema is caused by hypertenSIOn and 1mpa1red
sodium and water excret1on, it 1s character1zed by k
pu]monary edema and the' uremic ]ung" (the lung becomes
1nf11trated w1th macrophages and the f1brous .septa *h1ckens)
(c) Blood Chem1stry
_Anemia is aSsociatedewith chronic renal failure.:
The causes may be non- urem1c, due to pept1c ulcer and
folate def1c1ency from malnutr1t1on (a common feature in
vurem1a), uremic anemia may be due to the accumu]at1on of
metabo]1tes.wh1ch shorten the'f?fégspan‘of‘red blood ce]]s
(120 daye*tolQO days)°'they canﬁge corrected by frequent
d1a]ys1s, though d1a]y515 1s also assoc1ated N]th an increment

tendency towardswane_1a In normocyt1c and normochrom1c anem1a, a

def1c1ency of erythropo1et1n 1ncapac1tates the bone marrow

to he§ponse to smal] amounts of b]eed1ng and hemoly51s (see

g “5&1 LA
f1gure 12) Wé%) Eryﬁﬁ?opod%ﬁln s¢1mu1ates erythropo1es1s
i : 'y -@’3@‘3’ .
dﬁubhoduct1on of redublood ce11§”1n the bone marrow. The

R ‘\4 ‘f(‘»
k1dney, be1ng the ma}or source@af erythropoietin, fails to

W+

‘release enough rena] erythropo1etic factors in uremia

The hemoglobu]1n count falls be]ow 7 g/lQ ;m]
and other side effects ‘such qs dySpnea, angina, 1njection-

syst011c murmurs, and‘eleyatedrfeﬂbus pressure are common.
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ERYTHROID TISSUE- '

. Red cell
destruction

B.M. STEM CELLS | 'RED CELL MASS

Plasma
volume

ERYTHROPOIETIN . HeB. CONCENTRATION

O2 Comump ——" " Heart

Vessoh Lungs
;;{ £ Atmosph O2

¢

12. Erythrop01et1n and red b]ood cell F%%mat1on
(The Kldney, Vol l; No. 4, March, 1968).
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SV 3. TheiNervous‘ahd Respiratory System
! 53& Tw1tch1ng, convu1510ns,_de11r1um and coma preceded

by Grand mal seizures (ep1]eps1s) are common nervous

symptomsj1n urem1a Convu]s1on, may be due to hyponatrem1a,

‘hypertenswve encephalopathy, hypocalcemic tetany or the

u;§ﬁ1c state. v v
{(g ‘ The respiratory system symptoms include difficulty o

~in breathing (dyspnea), chyne-stokes respiratfon (the
AT .

death rattle) or Kussmaul breath1ng (deep sign1ng resp1rat1on)

due to the attempts made by the body to correct metabolic.

"ac1dos1s

'; ;‘ ' ‘24. ‘Bone Lesions (RenalybsteodrStrophy)
ka) OsteoﬁalaCfa (inadequéte'
| ‘m1nera]1zation of bone) is
R _ - due to V1tam1n g resistance
| | and the use of‘skeleta]
‘oj5\v. ' | | calcium carbonate to buffer
”~~2§]’ S 'ac1d051s Examp]es are
T rickets 1n‘cpildren and bone
pain in adults. The treatment
”K;) o }' | usedfis Vitamin D (S0,000'to’_
AR 150,000 units daily) p1gs 4 to
. . 12 9 Ca—g]uconate or 1 25-d147.

drox cho]ecalciferol ~
Y O y _G? ég?

one cyst

rib

e consists of osteoi
- . s '!& T .}‘« i

R |
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absorption of bone and its <
replacement by fibrous tissue.
The treatment is to reduce
porathyroidism by raising‘
serum Cadwito Vitamin D and.
Ca—glucooate. |
(c) Osteosclerosis or hetastatic
caTcificatfon occurs due todan
lncrease of bone dens1ty in the
vertebra, face and. sku]l bones
'L@. _‘ Metastatic ca1c1f1cat1on of
| joint, synovia, tendon sheath,
“eyes, b]oodivessels, and skin
may be due to deposition'ot
- calcium sa]ts. |
Other symptoms exhibited in uremia are albumin-
urea,‘and hypoa]buhinemia, 1ipidurea,thper1ipemfa,ﬁ_

il
%

diabetes, amyloidosisa multiple myeloma, coTlagEn disease,

renal vein thrombosis, nephrotoxins, and infections.

F. The'Impact of,Renal Failure on Metabolism

Metabo11c defects due to urem1a are known to

‘occur in the ut1112at1on of carbohydrate, fat; prote1n3

i

enzymes, productlon of energy, membrane transport\and
electrolytes. The changes thus incurred are ce]Tu]é? or A

ubcelﬁu]ar, through the metabolic pathways, the

repression of enzymes:, ,and the. regulat1on of genes. Most

‘.;:

N
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of these metabo]ites, secondary to uremia are known to be

dialyzable w1th a molecular weight ranging from 5,000 to

v-

10 000 - Any defect may be assoc1ated w1fh abnormalities
of the nervous systems (centra] and peripheral), hemopoiesis,

epithelium (espec1a11y the gastro- 1ntest1na1 tract, vascular

<3

endothelium) and serous membranes. Abnorma]ities in the

body fluid or concentrations of Na+; K+, Ca++,'Mg++, Ee+++,'

and H* ions, abnorma] metabolism of proteins, purine, and
pyrimidine and deranged synthesi¢ or function of nuc]eic

v

acids, nucleotides, or nuc]eoproteins. and extracellular

concentration of their nitrogenous end products-may 0ccur{
1. F]uids‘andelectrOIytes
A person with a 70 Kg body weight has approx1mate]y
42 liters of body water comprising 28 1iters of intra-
celiu]ar and 14 liters of extracellu]ar f1u1ds Plasma'
comprises 4% of the body water (2.8 liters).
In extracel]u]ar f]u1ds, Na+ is predominantiyg

present the 155 mEq/2 of cation conSists of Na ,.K+, Ca++,

 and Mg +, .and the 155 mEq/R of anion conSists of HCO3 , C17,
HPO4 B 504%, organic acids, and protein The net result istm
a neutral osmo]ality of extrace]]u]ar f1u1d _ Any change in
}osmolality reflects chag&es in sodium, the predominant
cation |

~In the normal steady state, the rate of endogenous

ac1d product1on is more or iess equal to the rate at which

the tubuies segrete protons and add new bicarbonate to the,
. Q
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renal venous p]asma (69)’ The origin of tubu]ar secretion
of protons might be from carbon1c ac1d der1ved within the
cells by the hydratlon of CO (70), by carbonic anhydrase
or by remova1 oF hydroxy] ions from within ce]]s by
carbon1c anhydrase thus prevent1ng the ce]]s from becoming
ftooa]kaIIne (71, 4).. Regardless of the source of secreted
protons, it is agreed. that the secret1on of protons-is |

coupled to the reabsorpt10n of sod1um from the tubular

| f1u1d (5) The secreted protons are almost entirely'

_buffered- by phosphate and ammon1a in the tubular fluids and
thus the net excret1on of acid- in the urine can. be measured
by the sum of NH4 and tltratable acid PO4, 1ess any b&p
carbonate in the urine which. escaped reabsorptlon from the
g]omerular f11trate - The kldney maintains the e]ectro]yte

ba]ance by excret1ng anions (derived from- f1xed metabol1c R

‘ac1ds), ‘the mechan1sm of wh1ch 1s operat1ona11y separate

from tubular acid secretion and wh1ch primarily depends on

”_vo1ume of g]omerular f11trater> For examp]e, in tubu]ar

c1dos1s (a d1sorder of tubular capac1ty of excretlon) a

s]1ght reduct1on of the GFR is observed, with no retent10n
o}

of the an1ons (PO4 and : SO4 )'of metabolic acids. Sustalned

‘: ‘acidosis. slowly d1sso]ves m1nera1 salts in the ske]eton to’

retain acidity w1thout a progre551ve fa]l in plasma b1-'

, .carbonate The re]ease of alkaline calcium sa]ts from bone

m1ght be an 1mportant mechanlsm for neutrallzlng excess.

Y ¢ 0 v

:K actd as the kidney in chron1c renal fa11ure falls to reta1n

47
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normal plasma bicarbonate. This leads to extreme degrees

of deminera]ization of bone. Treatmen% of such pat1ents
w1th alkali may be benef1c1a] to help prevent utilization
of the skeleton as a buffer reservoir (72,73,74).

In?metabolic>aciddsis, the urinary pH is below

s

) 5.0 units. The reduction in acid excretion resu]ts

pr1mar1ly from reduced funct1ona1 rena] mass but ammonia
excretion per nephron 1ncreases adapt1ve1y in ‘the residual
nephrons (75). Ac1d051s directly enhances ammon1a release
1n the k1dney by stimulating glucose production at some
point in the gluconeogenesis pathway beyond oxaloacetate_
(76). o

In balance studies, Schwartv t al. (77) reported

that in some pat1ents w1th chronic renal fa11ure and

rac1dos1s there was renal tubu]ar "b1carbonate wastlng" when-

thelr p]asma b1carbonate concentrat1on was raised to normal

or nearly normal. | , |
Under norma].conditions,~an ordinary diet'resultsve

in an ac1d “excess" of approxlmately 50 .mEg of u* ions

daily. Aside from the bufferlng effects of body ce]]s there'

will be buffer1ng by the major. p]asma buffer systems

(carbonic acid- b1carbonate H2C03 - HCO3 ). The~ relation

Cof HT + HCO3 — HZCO3 —. HZO + CO2 is commonly written

by the Henderson Hasselbach equat1on



since most of tﬁe carbonic acid is in the gas form, pH is

the function o%“the ratio: (see figure 13).

G iy
: PO,
If, H+ “?; ﬁystem, the equation shifts to the

~right, ]ower1ng b1carbonate and 1ncreas1ng CO2 product1on.

C02’is then carried to the lungs and expired. This

P A . HCO3~ : :
-minimizes the change .in ratio of or pH, and is
- e » . PLO, P o :
ca]]ed "compensation". In spite o :piratory compensation,

' . : : + -
the organism has excess H 1ions and _.e equation has moved

to the right, thus lowering serum b1carbonate Therefore,

'the k1dney has to perform this dual ro]e of 7
'} o (a) Eliminating the Excess
| i Hydhbgen Iohs. ‘
(b)v Regenerating Bicarbonate ‘
. : | tby the Following. steps
iﬁ comp]ete reabsorpt1on of the filtered b]— "

carbonate 1n‘the prox1ma1 tubu]e to prevent furthervre»
_duct1on of serum bwcarbonate by conve t1ng HCO3 toAHZO
and CO2 by H secret1on 1n the 1umen (1nd1rect process)
The. COZ then diffuses back 1nto the cell, sh1ft1ng the re-
action towards formation of H2C03 and HCO3 The 1ntra-,

cellulariy generated HCO3 is de]\yered to the extracel}yﬂar

fluid with sodium absorbed in exchange for secreted H .ions.

. ' _ ii. a1though the flltered HCO3 is .converted to

.H20 and COZ’ Hf secret1on continues_in the distal nephron

°
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- Fig. 13. Renal hand11n oﬁ the dal]y dietary acid
e (hydroqen 1ong load. (Modern Treatment, )
- Vol..5, July, 1968, Dr. Bricker and Hoeber

"Medlcal D1v191on, Harper Y Row, Publishers,
Inc. ) . N :
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where it is buffered by ftLtehed buffers. For example,

HP04= (titrable acid) forms H2P04f or ammonia is secreted
in the distal tubular celi in response. to acidosis and-is
excreted as}the.ammon%um ion. Thus, elimination of Ht

without 1owerin§‘the pH- and damaging tissues occurs. The

hydrogen that is secreted isiderived‘from cell H2C03,

leaving HCO3'-behtnd in equimolai amounts[ "This bicahbonate,

tdgethér with sodium reabsorbed in exehange for secreted Sk

- hydrogens, oves into the ECF to reconstitute the serum bi-

!

carbonate see’ f1gure 14)

In 11n1ca1 d1sturbances of acid- base equ111br1umm” o
the numerator (HCO3 ) is ]arge]y regu]ated by the renal B
m@chan1sm~)f H secret1on . B1carbonate‘regenerat1on,,(the-

®
denom%hatwn, pCOZ), 1s pr1mar1]y regu]ated by pu]monary‘

, ﬁechanism A'change in the numeratorror denom1natorfis CL

"fo]lowed by a un1d1rect1ona1 change in the other This:

,-serves to defend the pH and the phenomenon is ca]]ed_ e |
compensation. . | B
. In acidosis, HCOy” decre:ses from 24 mEq/e to1e
mekq/2, and pCO2 decreases from 40 rm Ha to 25 mm Hg, ‘”;}g“‘p ”l%

tompensat1on, the norma1rratlotof HC03V/H CO3 is restoréd

Q

- _to 20 1 as a resu]t of ]owered H2CO3 (from 1. 2 mEq/Q toyﬁ'.'

Qcompensat1on 1t is. part1a1]y restored to“7 3.
: g

0 75 mEq/z) The normal pH (7. 4) in ac1dos1s 1s 7 2 1n%*‘,’5.

In a]ka1051s, HCO3 increases from 24 mEq/z tm

~

38‘m£q/t and pCO2 increases to 45 mm- H9 from 40 @m Hg.
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OverSImpllfled schema of the rena] regu]at1on of

acid- base. (Modern Treatmeg@ Vol. 5, Ju]y,
1968). ,;f;}d;_., |

52



53

in compensat1on, the HCO3 /H CO3 ratio is partia]]y reStored‘
'(from 31.6:1 to 25 6:1). The pH is reduced to 7. 55 from

P >
an uncompensated level of 7.6. Thus if- the numerator

'(HC03') deoreases 1t is metagotlc ac1dos1s, and if the
numerator 1ncreases 1t is metabol1c a]ka]os1s (hypo—f
vent11at1on) If ‘the denom1nator (H co. ) 1ncreases it s
respiratory ac1d051s, but if the denomanator decreases it‘
hvs respiratory a]ka]osis (hyperventilation). In uremfcfu
acidosisxthere_’is.K+ depjetion (hypoka]em1a) caus1ng |

' periodic paralysis, HCO3 decrease (hyperch]or1m1c Iess than ‘%

Tt .

24 mEq/L), att decrease (nephroca]c1nos1s, hypoca]cem1a)

~hyperparathyro1d1sm, am1no ac1dur1a, g]ucosur1a, and

'ur1c05ur1a,~

"*.' 2. .uCaﬁotum:anduRhosph%;; HomeostasiS‘
& S in GRF R
o The act1ve phys1olog1ca1 Fract1on is that fract1on
of Ca wh1ch 1s 1oni;ed , Th1s act1ve spec1es tr1ggers a .
.feedback mechanism for the secret1on of parathyro1d hormone :
and ca]c1ton1n by the C-cells of the thyr01d ‘ The mean Ca
‘concentrat1on 1n plasma is 2 50 mM per 11ter, of wh1ch 1. 42
va are d1ffus1ble (1 27 mM 1onlzed and 0.15 mM conJugated

oo

w1th b1carbonaté, c1trate, phosphate and other anlons) and

| ;»lthe rest (1.08 mM)gare non- dléh@%]b]e, be1ng pqpte1n bound

: Of the bound port1on, 0. 86h M are. bound to albiumin and O 22

LS

mM are bound to gTobu11n);(1,78).



N In the absorption of Ca from the gut‘the dominant
faotor is Vitamin D\(52) and its metabolites (25-hydroxy-
Cho]ica]cifero] formed in the Tiver)’and (1,25-dihydroxy-'
chd]eca]cifero] formedein the kidney) (79) . Either
vitamin D or one of 1ts metabo]1tes, enhances Ca absorpt1on‘
through the. synthes1s of a spec1f1c ca1c1um b1nd1ng transport
protein in mucosaT cells of the G.I.T.

v Nordin _t al. (80) postulated that the k1dney 1s,
the most important organ in Ca homeostas1s, and suggested
that it is the action of parathyro1d hormone on the tubuTar

.reabsorpt1on in Ca which f1naTTy determines pTasma Ca con-

:centrat1on. They cons1dered that the acutq_hypocalcem1c

) act1on of caTc1ton1n in man was largely respons1b1e for a

;reduct1on in the tubular reabsorption of Ca. . They
'hypothés1zed that the action of PTH on bone resorption }. s,
.represents a reserve mechan1sm to mob1T1ze baone 'Ca if Ca
intake dr absorpt1on falls. beTow a Critical TeveT'
| The magor portlon of pTasma phosphate is in- an

1norgan1c form as orthophosphor1c acid ions (81) with a
small non- uTtraf1Ttrab]e, proteln bound fract1on (82) _

The G.I. T absorptlon of phosphate is contro]]ed by v1tam1n.

D and th& transport is mediated. by two routes - one

1_1ndependent of Ca- is mediated by d1ffus1on and the other

dependlng on an actlve transport mechanlsm is T1nked to

. “ta (11 moTar ratio) (83). The k1dneys are probably the

most 1mportant organs 1n plasma phosphate homeostasis for‘

- as Fourman‘ et al. staued, "In a steady state¢the kidneys

o P
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of phosphate (6,85 8@P&$

excrete what the gut absorbs" (84) : GTucose,‘vitamin D,

_and parathyro1d hormone influence the tubu]ar reabsorpt1on

hMeyer et a] reported that hyper-

Aigel
pho&phatem1a st1mu]ates the secrétion of PTH on]y 1nd1rect1y

by 1nduc1ng hypocalcem1a\ v1tam1n D is effective through
its effect on- the G.I.T. transport Rena] ‘tubular hand]1ng
is one of the maJor factors in p]asma phosphate homeostasis.

In CRF, the p]asma phosphate concentrat1on r1ses 'S

P]asma 1norgan1c phosphate is deriwved from the diet and may

’be liberated from: .0rganic compounds such as phospho]1p1ds

°

and nuc]edprote1ns 1n catabo]1c states The increase of

”p1asma phosphate concentrat1on could be due to a reduct1on

of funct10na1 rena] mass, though the average rate of

phosphate excret1on per residual. nephron increases as the

'nephron popu]atlon_ls reduced : In this mechan1sm PTH is the

important factOr (87). The d1sturbance in Ca and P homeo—

StaSIS commonly takes the form of hypoca]cem1a and hyper-

. phosphatem1a in CRF.

3.. Role of Vitamin D and PTH in ca
i ~ ‘and P HomeostaSIS, and ThEIF
Res1stance in. Urem1a'

V1tam1n D was thought to act dlrectly via RNA in’

jimthe 1nduct10n of the spec1f1c prote1n which transports ?*4\‘

| ca1c1um in the 1ntest1na1 mucosa] cel]s " The stage at ':
vhwh1ch the v1tam1n affects RNA synthe51s as not been -
localized (7 8). | | h\‘a
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It is now proposed that vitamin D is first

.metabolized to a more,polar compound which throUgh RNA/

induCtion accounts for the characteristic actions of the

vitamin D (88); De Luca suggested that theabiologitally

'actiye'metabo1ite is 25—hydroxycholeea]cifero] (in,]iver)

and 21,25 DHCC and 1,25DHCC (in intestine, kidney and

o bone) (79).v Lawson et ]1 have suggested that an as yet

"uun1dent1f1ed more po]ar metabo]1te is invo]ved' In. 1968

. hydroxycho]eca1c1fer01 f

’phosphate from the cell (92). .f' j.gwi Hrf;fé;i'

jdef1c1ent state is proposed to be due\to a: loqa1 cr%tica]

Avioli (89) demonstrated that the 1nsens1t1v1ty to v1tam1n D

in'CR? is due to an acquired defect in- the metabo]1sm and’

excret1on of the v1tam1n, and that alterat1ons 1n enzyme

systems regu]at1ng v1tam1n D metabol1sm are probab]y 1n-'

hibited by reta1ned metabo]ntes. This in turn;]eads»toga -
decrease in the specific oa]cium'binding protein_tontent of
the intestinal mucosa and the p1asma COncentration'of 25~

/

PTH exerts both its rena] and skeletal. act1on

through'cyc11c 3' 5'FAMP (90) and through induced synthesas |
hand release of the 1ysosoma1 enzymes of bone cells (91). o
Murad et al. suggested that ca1c1ton1n enhances the
’:formation of cycllc 3 »5'-AMP in a way identlca1 to PTH
and an. 1ncrease in the 1ntrace]1ular concentratlon of |
vcyc11c 3' 5'-AMP actlvates a- ce]]uTar enzyme 1n the kidney

'1n1t1at1ng a series of react1ons 1ead1ng to e]imination of

o

-

The - lackﬁogﬁresponse—to PTH in, the vitamin D

’ | : . !
. 1~-‘ . - Lo ' L o
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fack of Ca at the site of hormonal action (93,94), as Ca is
needed forvcyclich3’,5'—AMP to exert some of its action (95).
Therefore, the_acquifed resistance to PTHfin hypocalcemic

chronic renal fai]ure‘is due to a critical lack of Ca to

. hilhediate some of the actions of cyclic-3',5%-AMP. The CRF

””?[thus causes vitamin D resistance with consequent hypo-
?9a1cemia leading to osteomalacia and PTH stimulation. PTH

resistance also increased PTH secretion and causes ostitis

,,fibrpsa and osteoc1erosis. C
4. Sodium and Potassium Homeostasis
in CRF , : :

)

CRF. pat1ents have an 1mpa1red ability to conserve
‘sod1um due to the 1ncreased osmotic load per res1dua]
'.nephron, as the k1dney is d1rect1y implicated in dlsorders
of sod1um and water ba]ance - Salt wastage, common in CRF,
“is due to the 1nab111ty of the surv1v1ng nephrons to ]owen
sodium concentrat1ons of tubular f1u1d be]ow a re]at1ve]y
high f1xed va]ue, th1s in turn s due to an 1ncreased
'_ osmot1c 1o:d per nephron The 1atter 1s respons1b1e for
the tubules 1mpa1red ability -to concentrate urine because
‘of the dim1n1shed response of the tubu]es to ADH
) Inv the early stages of CRF, the 1mpaired ab111ty_
ito’consenve'sodium and'the'associated hyponatremla dictates
'{;the necess1ty for adm1n1strat10n of sod1um to prevent‘ \
deplet1on In the latter phase, the sltuat1on is reversed
| Vand a different pattern of sodlum homeosta31s, as man1fested
-t;hx.uncontrollable hyperten51on, prevails (96).

\ . o



Control of hypertension.at this end stage can be
achieved by intermittent hemodia]ysis and sodium re-
striction between dia]yses. By dia]ysis, extracel]u]ar
fluid*volume and exchangeab]e sodium can be reduced to
norma] or near normal ]eve]s (97)

5. The Role of Hormones!in Sodium”

and Water Homeostasis

Norma]]y, a]dosterone and ADH. regu]ate the sod1um

and water balance No dom1nant disturbances. in secret1on5
of aldosterone in non- edematous pat1ents have been seen
' 997 , but the tubu]es show a d1m1n1shed response to
adequate c1rcu]at1ng levels of ADH (98) The fa11ure of
ADH responses .is ma1n1y due to osmotic diuresis occurring
in individual surviving nephrons (99). : |
| In~CRF,'there jsvafreduction of cortiso]A
clearance (100) and .there is an 1nverse re]at1onsh1p
vbetween endogenous creatlnine c]earance and endogenous
conJugated p]asma hydroxycort1coster01d (17- OHCS) levels.
After cortisol 1nfus1on, the rate of c]earance of free
ip]asma 17-0HCS is reduced and levels of the conJugated
stero1ds Jncreased further Th1s defect in clearance
correlated with the degree of functlonal ‘renal impairment.

In fema]es, ferti]1ty is depressed and secondary

i /'.»

ammenorrhoea or menorrhaq1a occurs in‘CRF (101) In males.

L N

fert111t@ 15 reduced to a 1esser extent than in females and

~ normal sexual activity contlnues un1mpaired (102)

o g
(e
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6; Potass1um

Potass1um intoxication in ARF is a potent1a11y
Iethal‘factor, but- in CRF hyperka]emia occurs only in
terminal stages. Potassium is re]eased from the ce]]s
after. catabo]1sm of protein and ac1dos1s In acidosis the
‘lncreased H ion concentrat1on in the extracellular f1u1d
1s exchanged "at the expense of 1ntrace]1u1ar potass1um
concentrat1on (1 - The infrequent hyperkalem1a 1n chron1c
-rena] failure is usua]]y credited to the ab111ty of the
diseased kidney to maintain the normal level of ur1nary

.potassium excretion by tubular secretion.

) _7. Magnesium. |
" Maones1um actlvates some of the enzymes wh1ch

sp11t and transfer phosphate groups, namely phosphatases,’
and enzymes 1nvo]v1ng ATP react1ons. ATP is .required in
~muscle contraction, in the Synthesis;of protein,-nucleic
acid;~fat and co-enzymes, in uti]izatfoh‘ofiglucose, and'
"in oxidative phosphoryiation A]] of these d1verse funct1ons
are act1vated by magnes1um (21)

Hyperma@%esem1a as a' feature of chronlc’rena]
j‘fa1lure has beenwrep;rted by many workers (103-105).

Because: of the roleé&ﬁ%magnes1um in cel]u]ar metabo]1sm,‘

hypermagnesemia hasxhj . implicated as a causetof neurolog-

~ica1“manifestations é@ y4n CRF'(106 107); norma] values of_

serum magnes1um have aT%%ﬁﬁeen reported (108). C]arkson

et al. (109) studiedthe é%@egt of a h1gh Ca 1ntake on
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magnesium in both normal and uremic patients and obserVed'
that a d1m1nuat1on in magnes1um absorption and an qulvalent
fall in urinary excret1on was associated with a fall‘in
plasma magneftym concentrat1on, due to the 1nh1bit1onvof‘
parathyroid.hormone secretion secondary»to the rise i",Ca

sorption and plasma Ca concentration.

8. I?on‘and Vitamdn Homeostasis .
in Unemia

In CRF, the metabo]1sm of dron and hemoglob1n is
Known to be a]tered and anemia of both normochrom1c and :-
‘normocyt1c types ref]ectlng a]teratIOns in cel]u]ar
metabol1sm prevail and cannot be .corrected by d1a]ys1s )
Evidence of bone marrow depress1on was presented by aui “
.‘decrease in the rate and amountyof rad]oact1ve iron required
for hemog]ob1n synthesis (1]0,111). This defect in iron
utilization was attributed to an inadequate'productidn of
erythrdpoietin. Riessman (112) was first to repdrt the
pre§ence of fhis humoral factbr‘whiéh mediates the stfmulds
to erythrop01es1s, 1ts rena] origin was. ]ater shown by
other workers (113»1]6) The dom1nant factqr 1n,the
.etiological mechanism of anemiauinnCRF'is deficient
_erythrdpo{esis consequent to édiminufion fn erythropoiéfin
production (117,1]8); othér contributing faptOrs,hay be
nemolysis,-hemorrhagic‘didthesis, 1ncréased red cell

destruction and bleeding (110,111,119,120,121).



9. The Role of dther Vitamins
\ . In most ureq1c serum, increased concentrat1ons of
V1tam1n 812 and 1ow concentrat1ons of folic acid aren
observed (122 123) “In Cf&ﬁ blot1n and- n1cot1n1c ac1d
1eve1s range with: values ?;om high to Tow. The anem1a.in'
CRF is, thereforeg not . mega]ob]ast1c as»]eve]s of folic
ac1d and V1tam1n 812 (whlch are 1nvo]ved in erythropo1es1s
and nucl&ic ac1d synthes1s) are w1th1n norma] Timits. It
is genera]]y accepted that under phys1o]og1ca1 cond1t1ons,
tissue hypox1a caused by anemia. w1]1 lead to the'
ggff:ance in p]asma of an erythropo1et1c hormone; ca]]ed
’éﬁbthropoietln which acts by. d1fferent1at1ng bone marrow
ftem cells to ear]y red cell precursors (124). The work of
Naets (115) and Riessman (125) led to the hypothes1s that
red cell production is controTIed by a feedback mechan1sm
operatlng between the bone marrow and the k1dney,.med1ated
in one d1rect1on by red cell ‘bound oxygen and 1n the
| Jyppos1te>d1rect1dn by»erythr9p01et1n;as shown ear]ter in
%‘figure 12 (126). | S
| - Oral. supplements of waber so]ub]e v1tam1ns (which'
are 11ke1y to be removed durlng d1a1ys1s) are g1ven to CRF

:pat1ents ma1nta1ned on 1nterm1ttent dia]y51s 1n sp1te of

_h1gh d1etary 1ntake (124)

.10.  Protein Metabo]ism?

Hypoproteinemia and proteinuria are common .

characteristic features of renal failure 21). .Hypoprotein#'

I
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subJects to ma1nta1n ba]ance

Cserum prote1n fractlon I'n both chronic uremia and long -

\

low d1etary 1ntdke (usua]]y supp]ements are g1ven to uremic
pat1ents) anddefects in prote1n metabolism, the nature of

which . 15&%pt yet fully understood. Proteinuria may be

L

caused@pyéﬁhcreased g]omeru1ar filtration of protein,

decra@sed reabsorpt1on of the filtered fract1on, and prote1n
Toss. fro tubular ce]Tsr'a\ | |

- )
’# ’ Herndon et al. (56) in thelr balance study showed
thatrurem1c patients had 1ncreased endogenous nitrogen

metabo11sm -and requ1red hlgher protein 1ntake than norma}

=“§hy (127) in his study of

'amlno acid uptake by 1so]ated urem1c 11ver found that

uremic rat 11ver showed 1ncreased am1no ac1d uptake and

¥

urea product1on compared-w1th contro]'rat 11Ver Using an

in vitro system w1th ce]] free urem1c rat 11ver preparat1ons.

"McCormick et al. (128) in the1r ]abe]]ed L 1euc1ne lncor-'

porat1on study found ‘that the rate of hepatlc prote1nr_

synthes1s was 1mcreased in urem1a wh1ch supports the work

- of Lacy (]29) They conc]uded that in rélation to the
-negat1ve n1trogen ba]ance as seen 1n urem1a, ‘their f1nd1ng

, 1nd1cated that e1ther the rate of proteln degradatlon was

1ncreased or the: urem1c 11ver synthes1zed abnorma] or in-

1ncomp1ete prote1n

Most 1nterest1ng is the alterat1on of the uremic

term 1nterm1ttent hemod1a1ys1s therapy serum proteln and

-
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albumin levels range from h1ghuto low but the gTobuTln
fraction either rema1ns normal or 1ncreases, showing
abnormal immune response in all uremic patients (130). -
After homotransp]antation in CRF, 'thete was proTonged
survival of the transpTant w1th a much less 1ntense TocaT
immune respanse (1. . re3ect1on) (131- 134). Shafr1r et al;
‘ PO

(135,136) have shown,that on administration of C-glucose,

protein synthesis is, enhanced and 1ncorporat1on of ]4C
1nto the amln%nucleos1de 1nduced nephrot1c liver 1ncreased
An increase in the specific activity of aTbum1n.and ‘a- and

B gTobu11n and flbrlnogen synthes1s increased 1in quant1ty

though they become less strongly labelled. They also found

that 1ncorporat1on of ]4C gTucose into nephrot1c p]asma'
prote1n and T1p1d exceeded that found in. norma] but
1ncorporat1on 1nto t1ssue g]ycogen and ske]eta] muscle
prote1n and depot fat.was reduced They suggested that
conveérsion of gTucose into TTpids 1s consequent to the

%elaborat1on of T]poprote1n pept1des

]]w Am1no Ac1ds »
The amino ac1d demands in the body requ1re a
nfew fundamenta] cons1derat10ns '
| (a) 'Dxetary Intake of‘Protein,
“;(b)‘ Absorotion oF'Amino Acids
i"”in the Intestineﬁ» <
vic).'Transport Mechanlsms of

Am1noac1ds (in the Intestlne

. o atdLeast 3’Groups"Extst);
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(d) Metab011c Pathway €137,138) . >
Giordano et al. »(139) stud1ed 1abe]11ng of 18 am1no ‘acids
using abe]]ed n1trogen of d1fferent sources, (e.g. amino
acids pro e1ns, ammon1a, urea, a- mo]ecu]ar n1trogen) in - ..
“urem1c subJects on contro] d1ets conta1n1ng norma] 1 w !

-

proteln or. m1n1ma1 quant1t1es of essenn1a1 amino ac1ds

: They found that of ]8 am1no acids on]y g]utam1c ac1d

alan1ne, aspartlc ac1d serine and g]yc1ne were 1abe1]ed

f s1gn1f1cant1y more than others ~ When fed essent1a1

“amino ac1ds, a pos1t1ve n1trogen ba]ance was achiéved with

a gradua] decrease of the urea Tevel in the ‘blood. The

'most 1nterest1ng f1nd1ng was that even when labelled

mo]ecu]ar n1trogen was g1ven subcutaneous]y 1n pye1g-

E nephr1t1s there Was” s1gn1f1cant 1ncorporat1on 1nto prote1n

'AII BAIase was not a]tered They also observed that in - e

“~

1(139) ’ walse et al. (140) observed ‘that more than 70{\of

body urea might)be reut1112ed in uremia. It has been

reported that recycled urea. n1trogen is used in uremia for
f

L4

| the synthes1s of non- essent1a1 am1no ac1ds (141 143) This
n1trogen 1s also ava1]ab]e for the synthes1s of some o

i
- essent1a] am1no ac1ds if the1r carbon ske]etons are prov1ded

1n the d1et (144 145) Brow ’_t 1; (146) showed that

3

prote.n restrlct1on a]one reduced the act1v1 ty of the urea

Ty

T

‘.

cyc]e enzymes, namely the ar91n1ne synthetase system enzymes,

3a?a1an1ne amlno transferase (AbT) and branched chain amlno

' ac1d4transam1nase (BATase) but that urem1a alone 1increases

9

"the activity of the arglnlne synthetase system enzymes and

o ‘ S .
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'centrat1ons of 1ys1ne, tyros1ne, tryptophan, meth1on1ne, T

' geparate amino ac1d transport pathways for d1fferent am1no

65
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uremia, the arg1n1ne synthetase system enzyme ac$1v1t1es

/
(e.qg. of wh1ch argln1nosucc1nate synthetase is the rate

-

Timiting enzyme in the urea cyc]e) were increased in direct“

LS .
proportion to the blood .urea cohcentrat1on as a result of

the substant1a] 1ncreaset1npammon1a which reached the ]1ver

from urea hydro]ys1s in tme colon (147). Ma1er t 1_ (155)

_also found 1ncreased act1v1ty of alanjne and aspartate amino.

transferase act1v1ty in the liver and h1ghe4 p1asma alan1ne
in 12 hours starved and 48 hour nephrectom1zed rats Mut}ng

t 1 (148) reported that in uremia, serum alpha amtno

_nltrogen 1ncreases s1gn1f1cant1y compared to norma] subJects

or patnents w1th reha] 1nsuffﬁc1ency Part1cu1ar]y, con- s

o

_g]yc1ne and g]utam1ne may be norma] or 2 to 3 tlmes -

'greater than norma] ’Th1s on- un1form 1ncrease of d1fferent

am1no ac1ds 1n body f1u1ds is due to the fact that there are

.~ I
3

ac1d fam1]1es, dlfferent aff1n1t1es of amino acfds for the -

7

f
Vsame transport s1te and poss1b1e effetts %pon the transport

- mechanism by some factor( ) 1n uremic serum (149) Pat1ents

L/

w1th severe chronLE uremia - have a depress1on of plasma. con-.

Lcentrat1ons of both d1etary essent1a1 amino - ac1ds (valine,

1so]euc1ne and tryptophan) and non-essent1a1 am1no acids

'.(tyros1ne and alan1ne) though concentrat1on of methlonlne,. &

"

.leuc1ne and pheny]alanlne-ar norma]' It is a]so specu]ated

vthat depletlon of spec1f1c 1ntrace11u]ar am1no ac1ds may

.



' ex1st ‘in uremia wh1ch can ]ead to 1mpa1red proteln
synthes1s The c11n1ca1 1mp11cat10n is that if dietary -
care is not taken, d1alys1s may dep]ete further some. of
'amjno acids (157). o S

" The'dccurrente_of decreased g]utpneogehesis |
'prompted some workers to 1nye§tigate the concentration of
.several g]udogenic amino‘acids (e'g aspartate, g]utamate)
'and their correspond1ng metébo]1tes of the TCA gyc]e
 ~(e.g. malate, oxa]oacetate and a- keto g]utarate) wh1ch were
‘found to be e]evated in the nephrot1c rat (135 136 150) due
to per1phera] mob111zat1on of am1no ac1ds in the nephrotic
N;\ syndrome “They . also found an 1ncrease in the activity of
. 1tver enzymes of amino atid metabolism (e.g.'aepartateh
a@jhdtrans#eraee, alanine‘amfhotransferase;etyrd%ihe amihO'
transferase; serine dehydratase and trxdtophanoxygenate)
- in the nephrotic rat liver and ih fed ahd fastedTthtrole.
The increases 1n transam1nat1on and deam1nat1on lndlcated
an 1ncrease in the size of- the hepat1c am1no acid pool or
‘1n the rate of amino acid f]ow Since amino aC1ds act1vate

enzymes of their own catabo]1sm,_am1n£~ac1ds are Baff“?ﬁ]y

diverted into - the TCA cyc1e and the1r metab011tes are
e

potent1a11% ava11ab]e for g]uconeogenesis. They also found

v .

that nephros1s 1nduced an 1ncrease in the ahcorporatlon of

am1no ac1d lakel lnto 11poprote1n, a]bum1n and g]obu11n,
R but the label-in 11p1ds and free fatty acids. was decreased

LA suggest1ng that am1no ac1ds are’ poor precursors for l1pid

€ 2



. synthesis., The lipid was- pr1mar11y supp11ed to the 11p0~f 

‘proteln at the EXpense of ce]lu]ar 11ver 11ﬁ1d rather thang
B
from direct. 11pogenesxs ‘ McGo]e et al (191) found that
g 3,
though tota] amino ac1d concentrat1ons 1n rena] d1sease d1d

P . B -
# . -

"not’ d1ffer s1gn1f1cant]y from con}rol there was a . ,‘
o . v~/

dep]et1on of essential amlno ac1ds 1n urem1c p]asma wh1ch

z

_1ncreased s]1ght1y after hemod1a]ys1s The s1gn1f1cant1y

J

_h1gher pIasma pheny]a]an1ne tyros1ne rat1o 1n rena] d1sease
vwas due to a def1c1ency 1n the pheny]a]ah1ne hydroxy]ase

"enzyme system (152), the malabsorpt1on of dietary tyros1ne,

\

©oor the baqter1a1 decarboxy]atlon of tyros1ne to tyram1ne

(tyram1ne concentrat1on 1ncreases in urem1c p1asma) (153).
Shear . (]52) stUd1ed alterattons in t1ssue am1no acid

'd1str1but1on 1n br]atera]]y nephrectom1zed rats and found
an 1ncreased uptake of essenﬁﬂal am1no ac1ds by the 11ver,

,“coup]ed wath .an. Ln/réased rate of- RNA and prote1n synthes1§

k)
,x_‘,‘ 3

and a decreasea1n ther pTasma concentrat1ons of essentlal

am1no ac1ds Dubovsky et a (154) reported the e]evated

»

';p]asma 1eve1 of .free pno]1ne and hydroxypro]1ne,‘an index

of co1logen turnover 1n pr1mary hyperparathyr01dlsm and
chronic’ uremia, Morgan et al (156) reported e]evated
p]asma aromatlc am1nes 1n u&em1a, the1r values be1ng rough]y
, paral]e] w1th the elevatlon of BUN The plasma amino ac1d
xconcentrat1ons of both bound and free forms 1n chron1c renal

ifa1]ure have been shown to be quant1tat1ve not qua]1tat1ve

when compared'w1th normal subjects (157 158, 159)

Y ) .N
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‘,was thought to be

Ludew1gv t 1h (]60)'reported that the d1etary

prote1n intake 1pf1uences the ur1nary prote1n excret1on

izB]oomf1e{d (161) also had demonstrated ear11er that urlnary

'1oss of . protein in- chron1c urem1@ did not exp]a1n the

L)

correspond1ng hypoprote1nem1a / In numerous glomeru]ar

!

»d1sorders a high degree of prote1n excret1on (3 to 4 g/24

.hour)_can resu]t in fhe nephrot1c syndrome (162) In

genera1 ‘the perceptage of ur1ne proteln, as albumin, can

be used to predict sterojd\respons1veness (163). : T

" 68

& '”As’ﬁhe c0ncentratfon of serum albumin fa]ls, the.

concentratlons of a-2- g]obul1ns and b]ood 11pids r1ge, and

sa]t and water retent1on occurs. 'Persistent proteinur1a'

-

o is assoc1ated w1th a h1gh 1nc1dence of renal failure and

l .

1nterm1ttent prote1nur1a w1th ser1ous rena] dlsease (164

.]65) - O o

3

<

.H%@“ "ASpartic acid, citrulline, 1- .and 3—methy1-

'h15t1d1nes, taur1ne, and bound and conJugated ag;no acids

~

are. known to increase 1nfurem1cs, whereas othe¥ amino
\

acid concentrat1ons may be decreased (166) -éosephSon o

"C167) suggested that 1mprovement can be made by the

'add1tﬁon of h1st1d1ne as an. essent1a1 am1no ac1d _to°

/ S

(s

_achleve a posnt1vT n1trogen ba]an e; adet1on of_arginine

1nJUr1ous

G1ordano et a] (139 141 143 145)\reported that

-

urem1cs, on ﬂ1alysus, have ?n their plasma,amlnograms

1ncreased 1- acd 3-meth{lhl;t1d1ne, cystlne;jcitrulline,

-

- am,



g]ycine, alan{ne.‘ Aspartic acid,‘asparagine, g]utamine,
serine, ornithine and notably pro]iné’and hydroxypro]ine
incneased with lenéth'of‘dialysis The increase in'proline'
. and hydroxypro]1ne was most significant in pat1ents w1th
bone d1sease | |

Others: have estimated urem1c musc]e.t1ssue

A

amino ac1ds, and have found increased non- essent1a1'am1no
ac1ds espec1a11y taur1ne, g]ut%?1c and aspart1c ac1d/and =

decreased branched am1no ac1ds (185, 145)

6. Inhibitory‘Effects of-Metabb]iteS‘

Retained in Uremia L e

Attempts to e1ucidate the lnf]uence of uremic.

tox1ns on enzyme activities at subce]lu]ar 1eve}s have been

" made by many workers (169).~ G1ordand et al. (170) observedRVA',

the 1n”}bf¢ory effect of urea on monoam1ne dx1dase at the
| p]asma concentration in chronic renal fa1]ure, but at
'h1gher concenﬁrat1og§ (BUN‘140_mg/JOO ml) 1ess_enzyme in-
h1b1t1on ogcurred Monoamine bxidase deStroys‘serbtonin
and catecho]am1nes and thus regulates amine metabofism'in/
nnervoug t1ssue, 1nh1b1t10n of monoam1ne oxldase in urem?a

leads to the pathogenesis’ of some of the neuro]og1ca]

£
y

Fd1sturbances obserged It is also knoWn that urea (500 mg);f
1nh1b1ts oxygen uptake by bra1n sl1ces. Substances bther
-bthan urea act1ng as enzyme 1m§1bltors at’ the subgcellular
-1eve] of. the centra] nervous system have also been '
1nvestigated (2 171 172 ,173).  They reported the effect of

e e T
SN : /
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phenolic acids on cerebra] metabo]1sm, on the rate of
resp1nét1on, on anaerob1c g]yco]ys1s of gu1nea p1g bralh.
s]lce;j_ghd on the 1nh1b1t10n of the act1v1ty of some |
‘selected enzymes, name]y, the decarboxy]ases of 3 4 d1hydroxy—
.%pheny%a4an1ne, 5 hydroxytryptophan, and g]utamlc ac1d |

g]utam1c oxa]oacet1c transam1nase, 5 nuc]eot1dase, am1ne .

ox1dase.and lactlc dehydrogenase. E]evEted b]ood 1evels of

. pyruvate, acetoin. and 2,3- buty]ene g1yco] 1nd1cated that ATP

synthes1s in urem1a was d1m1n1shed (174) and. that the ATP Ah'”
def1c1ency induced by several retent1on~products (e g.
tyram1ne) led to d1m1n1sﬁed consc1ousness in uremla

~The fo]]ow1ng tab]e ha¢ the 11sts of some of the

enzyme systems’known to . be affected by urem1a‘

70
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H. Lipid Metabolism"

N

It is over one hundred/andnfifty years since the
lactescence of chronic uremic serum was recognized (187,
- 188). |
“' “In non- nephrot1c pat1ents w1th chronic renal
fa11ure, serum cho]esterol and non- ester1f1ed/’3 ty acid
_concentratlons are usually w1th1n the- normjA\range, wh1]e
'utr1glycer1des and tota] 11p1ds are usually increa ed

(189-193). Reimold et al. (193) reported,that serum total
cholesterol conoentrations were increased.doe‘to'an o
increase in fherfree fracfion while the concenﬁration of>the
esterified fraction was norma], | ’ o

ARF fo]]owing nephrectomy and‘other experimental

procedures is assoc1ated with 1ncreased plasma tota] '

- lipids, cho]estero], phospho]1p1ds, and neutral fﬂ&4(194-

196) and- an 1ncrease in 11poprote1n of the S]0 to Sgo and

S20 to 540 range concurrent w1th a fa]] -in - those of S1 to

510 (197). Purified kidney extracts can prevent some of |
tthese changes suggestIng that k1dneys produce .a substan%p
which lnfluences lipid metabolism (198,199). R

| In humans, a-=lipoproteins of high density which ﬁﬁi
m1grates electrophoretica]ly with a- g]obu]in have been

shown to become depressed w1th nephrectomy and to return to
f”norma] fo]lowing successful k1dney transplantation (200)

| ' Roodvoets t al. (189) found that hyperlipemia

'1n chronic renal fai]ure was characterized by an_increase

.Q“”M
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in the pre-B-lipoproteins. A major portion of the total

| weight of the pre-ﬁ—lipoproteinvcomplex is constituted by
"lipids; triglyceride constituting the maJor l1p1d.fract1on
(201); the triglyceride is of endogenous or1g1n and is
_synthesized mainly in the Tiver. Fredrickson et al. (201)
»found that uremic- plasma constitutes a Type IV hyperl1po-
'prote1nem1a and this. type of l1p0prote1n, a "hall mark Of
endogenous hyperllpem1a" was typ1cally carbohydrate

inducible and accompanled by glucose 1ntolerance" The

1ncrease 1n plasma tr1glycer1de concentrat1on, and l1po--

glycer1de/syntheslsj/d1m1n1shed removal of trlglycer1de
;frﬁﬁ/plasma by adipose tissue or a comb1nat10n of both.
Bagdade et _l. (191,192) proposed that the 1ncreased plasma
'tr1glycer1de concentrat1on in urem1a is- the c¢ombined

result of 1ncreased.synthesms and 1mpa1red tr1glycer1de
removal. The 1ncreased hepa&uc tr1glycer1de synthes1s is.‘
the consequence of the Ancreased plasma insulin concentrat1on
found in the patients. They also reported that in uremia
he peak- post hepar1n l1polyt1c activity, an 1nd1rect
festrmate of tlssue lipoproteln llpase and hence tri-=
“‘glycerlde removad capac1ty, decreased The insulin

‘ antagon1sm in uremia alsa causes a d1m1nut1on in lipo-
‘-prote1n lipase act1v1ty lead1ng to hypertriglycerwdemIa

In carbohydrate 1nduced hyperl1pem1a carbohydrate is con-.
verted into fat and released as pre-g- l1poprote1ns in

plasma



It is knownvthat'fn'rats glucose toterance is
jmpaired by high dietary sucrose;andkthe effect'is enhanced
if dietary protein intake is low (202,203). Bagdade et al.
,(192)falso supported this by reporting"dncreased tri-

‘g1yceride concentrations in uremics who were maintained by

"_dialysqs ‘and who were not on a hlgh carbohydrate 1ntake

N

" In nephrotlc rats, 11ver metabo]1te patterns

(e.g; accumulation of a-g]ycerophosphate) suggest enhanced\*

fatty acid synthesis (204);_ It'has,been'recognized that
,increased gTycoljsisois aSsociated with'lipogenes{s or C
increased g1uconeogehesis; ahd.that'amino acid catabolism
s assoc1ated with enhanced fat ut111zat1on |

It has been suggested (176) that hyper11po—
genesis may occur in the nechrot1c rats but that-Jt is not
a prerequisite-of'nephrotic hyper]ipedemia .

Synthes1s of the apo]1poprote1n sifms to be theQ
determ1n1ng ﬁactor ' The 11pogen1c pathway may respond to
.the apolipoprotein productfon upon-the aQai]abi]ity of

adequate dieta5y precursors. The 11pogen1c response

depends on the manner of . 1nduct1on-pf nephros1s (whetherv.;

by amﬁno nucleoside :or by ant1k1dney serum) and on the
-severity of the d1sease O If 1ipogenesis is not 1ncreased
Once the apo11poprote1n is synthesized the apolipoprote1n
d‘may draw its 11pid'comp1ement from preformed ]1ver ]1p1ds
and produce a sh1ft in p]asma/liver lipid distribution

without greatly changing ‘the size of their 11p1d pool



£

'Glucosequas shown fo be .a good precursor of
. ' . ' ’ - \ ° X .
plasma lipids in nephrosis (135}, and resulted in increases

in some serum triglyceride but was without effect in other54

‘(205), *Using in vivo and in vitro systems, many workers

"demonstrated that an increased subply of lipids To[the

circulation occurs in hepatic hyperlipodemia (35,206, 2Q7)
and 1ncreased hepat1c l1poprote1n synthes1s appears to be

the-pr1mary event (208 209). Kaye et al. (168).reported

“increased accumulat1on of tr1glycer1de, cholesterol,.total'

low density lipoprote1ns, glycerol, glucose, ?d immuno-

'_reactive growth hormone, together with an 1ncjease in pre-

8- llpoproteins on electrbpheres1s, 1n pat1ents w1th CRF

‘These .were considered to represent the»end results of the

- combination of a number of factorsltncfuding the most .5

important one, the aceumulation-of.jnsulin antagonists.

1. Carbohydrate Metabolism in Normal MammalS
ke
Carbohydrate metabol1sm ln effect commences with

G- 6 P rather thah with glucose 1tself as 1t s from this

»

ester, G-6-P, fthat the 1mportant pathways of carbohydrate

metabolism orlginatet The five magor chem1cal processes

e

1nvo{;lhg metabolic patﬁways are:
i. the reverslble processes (glucogenes1s
and glycogenolys1s), glucose —= glycogen’k

SR AR the conversion of Sugars (e.g. fructose,

.~ mannose, and galactose) into’ glucose,

{ii. the reverslble processes converting

77
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glucose- to pyruvate (giycolysts and. gluconeogenes1s)
. iv. the ox1dat1on of pyruvate to COz‘and
% .
o HZO 1n Krebs c1tr1c acid cycle,?
o; ' }@ ’ v thﬁ\reduct1on of carbohydrate carbon

o q; (- CHOH groups) to fatty ‘acid carbon (-CH -) and the

,;fox1dat1on of am1no acid carbon (- CH2 ) to carﬂohydraté |

carbon ( CHOH ), and the reverse

}Figure 15 shows the enﬁyme sequences of

o glycogenolysis, ghycogénesis, the special ox1dat1ve path-x

;:ﬁi‘ A way GPentose phosphate shunt) and glyco]ysis, the tri-

ﬁ nfh,i carboxylic cfc]e and its reverse dlrection (in g1uconeo-

‘% fj@ ‘geneS1s) and the p01nts at/which they integrate wath‘the"‘
é; ;eactlons concerned in the. metabol1sm of 11p1d and protein.

1. Glucose Utilization

E'_af> Glucose is released to the enVIrbnment by
| | hydroTysis of Gv6 P by a specia] microsomal enzyme, G-6-Pase.
;%L*] G-6-P may be hydrolyzed in celfg of the llver, intestine,
. and kidney only The sum of this hexokinase react1on p]us
the G 6 Pa&g reaction is equ1va1ent to hydrolys1s of_ ATP to -
e ADP and P G-6-Pase is a complex enzyme, its activ1ty

,'depending on lTipids of its normal m21ieu | It also serves‘

e as an inorganic pyrophosphatase:
S H co
K N‘.}r‘v“_c, 5 4-—/_ u"/ ’ . . PP'I M——-)++ 2 Pi. ' .

-fKinaseLcataTyies thesreaction}’,?
. P AN v ¢

£
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R



uucl.:os,lozownog'wuns—suenas —— POLYSACHHARIDES " A
\PH ‘ .
r ‘ v ’ ' . Y
uucu;s:og DIPHOSPHATE GLUCOSE N\ N
| | v r ‘ s eq\coun P »
! . [P v . -
. " o .
X // H T w
. ' - G-1-p ) - z
' ) g ) .
_ 6-6-P-ase . oy jrewm pd
SLUCOSE ‘ =
' : & o
L/J -« T PHI \”\N‘)s‘ \ : g
FRUCTOSE «— [r_g-p --.Aumo PEN'!O!!S +Co, 4 o
v . _ , SUGAR - tc-3)
.PFK SN >
« ){ , '_m_'_.“‘ SYNTHESIS, OF :
o o ATP e ) NADPH, FA ’rruouoa.
- ‘ / HYDROXYLASES ETC.
L] F-1, 6-Di-P A
> " &
-4
> .
"o : ALDOLASE
» . k4
-4 - - .
° OINYOROXY ACETONE == —%- QLYCERALDENYDE-3-p
. P TRIOSE I1SOMORASE ¢ , .
. IAON . . )‘ 4 | 1
a«-QPDH ) 1 }
e [ |
. E .
WAD + rtr\nn.rc b
= ~SLYCERO PHOSPHATE . oA —o [xnEos
’ . ' CREATINE o cveer
\ L CREATININE-P —ee ATP + pvauvn:
| S R jru“\co
| Toon aucuee ‘ o . . % LACTATE ACETYL coa
L -
- . g /
r/‘ _. . | . . N 4
i =— REVERSIDLE ' REACTION . \
S REVERsiBLE BY unu;i REACTION
/ - > . ) e .
: B . ’
0 Fig. 15. Enzyme sequences in glyco]ysis. gluconeogenesis,
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. PPi + glucose'—m-—a G-6-P + Pi dﬁ@

‘ This process of G-6-P formation has the potent1a1 that
hepat1c glucok1nase has, but the supp]y of pyrophosphf%e
Imakes this route of 11tt1e phys1o]og1ca1 1mportance
Convers1on of 6-6-P to G-1- ﬁ\1s the initial s
step in the synthe51$ of nuc]eoside d1phosphate esters

(adenosine, guanos1ne, uridine, and thymidine) of g]ucose
o)

These nucleoside diphosphate esters of sugars are’ ut111zed
d

for the synthesis of a wide variety of po]ysacchar1des

(e.g. glycogen, amylose, etc ). o : | ~

14

: The hexose monophosphate shunt (phosphog]uconate
oxidative pathway or the pentose phosphate shunt) is
operated by cytoplasmic enzymes (cytoplasma of those cells
i which they. functlon) (e.qg. G- 6-PDH, 6- phosphoglucon1cq
acid DH,.ep1merases, transketolase, transa]do]dse) through
a series of reactions. The in1t1al step in the format1on
c. pentose is the ox1datlon of G- 6-P at c-1 (while g]yco]ysvs
‘and TCA can use glucose at C- 1 and C-6) to form 6- phospho—f‘1
‘g]utonic acid. Th1s‘?s a spec1al ox1dat1ve pathway (second
only to the glycolyt1c pathway, the other major pathway)

- by’ which totat combustion of glucose can occur 1ndependently
of the TCA cycle, NADPH is generated by this pathway for use
-in the synthesis of fatty acids,zxarious hydroxylases.'and
‘1SGEroids. and serves as a source of D- ribose. and & 1rbon\
and 7-carbon sugars. * In Itver more than 30%,of the CO,

o



via Krebs cyc]e ,3

: musc1e, -a re]at1vel

'_ava1lab1e in ex

\

'pused 1n the metabolism of a mole of glucose 1@%
" only one: ATP is uti]ized per. hexose unit if g

h
[
v ,

arising from g]uLose stems from this pathway Liver,

- mammary g]and, test1s and the adrenal cortex are active

s1tes for th1s pathway. Str1ated muscle does not have- th1s

' pentose phosphate shunt, the g]ycolytlc and TCA pathways .

are on]y pathways 1n musc]e for q]ucose metabol1sm4
- \

— \

Convers1on of G-6-P to F-6 P wh1ch is mhen

phosphory]ated to F- 1, 6 -diphosphate, s probab]y the most

noteworthy fate of G 6-P. This is the 1nntia1 event 1ead1ng

to glycolysxs (Embden Meyerhof pathway) tﬁ$2ugh which 'the .

energy of the g]ucose molecule is made avallable to the

cells . as ATP ‘-It leads to comp]ete ox1dat1on of,g1ucose

i

-, Glycolysis a]so v1e1ds some enerav in the form

of ATP for ut111zat1on durlng musc]e contract1on ~ This

bg]ycolys1s prov1des a means for a rapidly obtatnlng ATP in

Hﬁanaeroblc ?}96n This is partxcu]ar]y

ﬂllmportant dur1ng sudden demand for energy to. be made

Fd;;that produced by ox1dat1ve processes.

,as 1n the " case of strenuous exerc1$e

I _— fé:"l Energy Production from the‘

Hetabol1sm of Carbohydrate

//“‘In g]yco]ys1s,'only Ztm’ﬁegy]es of ATP are syn-

| thetlzed Host ATP is produced dur%ng the oxidation

‘”of hexose via the TCA cycle-» Two mo]es .of ATP. are‘

W‘

',glycogentjs metabo]ized. »Therefore, there {s a net

~

P AL

8]



“érodggfion of 39 moles of ATP per g]ycogen hexose unit
metabollzed 1f g]yco]y51§ is pure]y anaerobic, the ATP s
production is reduced by 6 moles per mo]e of hexose
b‘metaboiized Therefore, the degree of anaerob1051s and

‘ the amount of lactic ac1d production w111 determine net
energy production of g]yco]y51s |

3. G]ucogene51s a#d Glycogeli

'substances to g]ucose and glycogen by thz"h“j

hg]ycolytic process Pyruv1c ac1d (produéé"”’"C?
‘1glucose and glycogen by reversal. of glyco]ytic reactions
"This was. first suggested by A.V. Hi]], who observed that an
isolated muscle contracting anaerobically cou]d convert
g]ycogen to 1act1c ac1d, but that in the presence of |
oxygen, lactic acid disappeared with 20% being oxidized
to CO2 and the remainder being converted ;% g]ycogen
Under this. condition, or in the liver receiv1ng blood
lactic acid from skeleta] muscle the adequate supp]y of
CO2 leads to the synthesis of ATP ~This occurs via
bmitochondrial ox1datiye phosphorylation of, pyruvate and
~oxidation of 1actate to pyruvate, where the pyruvate

: kinase reaction is readily reversib]e, the pyruvate could
”rbe converted to phosphoenolpyruvate and thence to hexose

by reversaT\gf the gLycolytic reaction 1 However, reversal

of the pyruvate kinase reaction occurs® s]owly and, therefore,

o

52 #



some a]ternate 3athway from pyruvate to PEP'?s required if
lactate or n;ruvate from other metabo]1c sources ig to¢be
.;onverted to»hexose Such a pathway, and 1ts re]ated
enzymes were d1scovered in the anap]eros1s process of
Konberg (210,211) “in. wh1ch the supp]y of OAA gs rep]en1shed
"~ by. CO2 f1xat1on W1th pyruv1c ac1d (or mal1c acid in the

‘vpresence of MDH) cata]yzed by PEP carboxy]ase, in musc]e '.'

and 11ver (210 212) A
) S B . M +4 o v :
‘PE.P + C0p + IDP —L—5 0AA + ITP S

D1rect10n is glven to the process by ATP and
_acetyl CoA whlch arose in the ndtochondr1a1 metabo]1sm of -
pyruvate OAA ‘is reduced by mitochondr1a1 MDH to malate
which dlffuses 1nto the'cytoplasma to be reoxid1zed to
oxaloacetate by cytoplasm1c MDH. PEP- carboxykinase
(act1vated byacetyl CoA) then ut111zes the energy “of ITP or
GTP as it catalyzes the format1on of PEP (see figure?]S)
o rwédf ’

PEP may then be converted to FDP by revers1b1e reactions

PNADPH requ1red for reduct1on of 1,3- d1phosphoglycereate 15

t-~%_pr0v1ded by conigggent ox1dat1on of 1actate to pyruvate

The prevai]ing Tow . concentrations of ADP and AMP
and. the h1gh concentrations of ATP and citrate would 1nh1b1t
PFK and. actlvate DPFPase, fac111tat1ng formation of G-6- P
which can: then be hydrolysed by G- 6-P-ase (213 2]4)

| ‘Metabolism of odd carbon fatty acids leads to~

v"the product1on of some: Tiver glycogen In the final stage

~
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glycogen in _the: bo‘ .ﬁfFor;examhfébh

L

%nver51on of succinic
acid to glycogen OCCUrs through spcqes§1Ve converslons
. { ,‘ \‘ Mo
succ1n1c acid -+ fumar1c ac1d

-ac1d > pyruvic ac1d -+ g]ycdge[”

reactions are not read1@y reversaﬁlgm t ey

o a 1
,
. :

%,‘to glucose synthes1s thraugh pyruvate'/*sﬂf?yf,fg'

| g
e (a) 561ucose + ATP > G- 6 P +. ADP
This bloqk can® ‘be removed bywh&drolys1s§of

Gr6- -P by ]iver 6- 6 P ase and this block 1ﬁ mot i S
’giycogen synthesis (215) ! 'i\‘;»“' ’:%; %;" s ; S
(b) The React1on from FA6 P tg X .

F- 1 6 DP 1s in Essence yfheqie'

-;;;\\\\\\* o G Rever51bfe ‘and “the, Biock can~ 4¢ %

be Removed by - Hydro]ys1% of RSN

“ F-1,6-DP to F-6-p by "—ﬁu:'$
o ;,’f{”;] . r 1,6-DP-ase. ’(1 ;t¢

.
P
NY

() The Third Block. 1s. fn the T

Reaction:. 5 I

PEP : ,PK” . OTURTRTE S S O L I B -
_gse,+ ADP | nydroxyﬂzryvated;::i pyrgyige L
‘=energy decrease of this reaction, AF fis ah&u R - ;{' e

Ry )




\ﬁf( .‘v ‘v’]'.
6 KCa] %h1ch means that the equ1]1br1um lies far to the
[1ght Therefore, phosphory]at1on of pyruvate to PEP for‘“
\glycogen synthes1s is opposed by a 1arge energy barr1er,}f
.

@n. - e

in musc]e, g]ycogen synthes1s from pyruvate does
‘not prooeed through th1s rever$1b1e react1on (216), but 1n
liver, PEP is formed chiefly by a shuni/ffchan1sm (216)<as
follows: | | | |

v . ~ MDH .
Pyruvate -+ NADPH + H -+ C02‘ —_ ma]ate + NADP

- Ma1§§e + NAD+ MDK  yxaloacetate + NADH + 05

-
,‘,

Oxaloacetate + 1TP » PEP + CO2 + lDP

-

SUM: Pyruvate + NADPH + u* o+ NADY 4 ITP - PEP + NADH
: + NADP + 1DP

This prov1des the means. of overcoming the barrier.

The 6 KCa] of energy per mo]e requ1red to phosphory]ate

pyruvate 15 supp11ed by 11nk1ng the endergon1c reaction
with exergonic meact1ons (see above) wh1ch increase NADPH,
NADT and ITP and decreagg NADH, NADPY and IDP to drlve the

reactlon to the right with the formation of PEP.

~, !

B ":%:>Conditions Under Which Tiésqe ‘&;'
© Glycogen Accumu]ates R | ,‘ o

Glycogen accumu]ates on]y during resting periods

in well fed an1mals with a liberal supply of food Due to

. minimal oxidatrve requirements, muste tissue forms_g]ycogen

o
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by ;;yersaL of g]yco]ysis and the TCA cycle. 1n exerc1se,

'_ox1 ative energy requlrements are h1gﬂest while 1n‘ \;;;
'; starvat1on when the food supply is cut off blood glucose "
vlevels are low and on1y»%ma11 amounts of g]ycogen are
present in llver and muscle. In the 11ver 1n starvat\on,
ngconeogenes1s, by reversa] of glyco]ys1s and the TCA

rycle, forms glucose from glucogen1c substances and am1n0 -

a ids. Even in d1abetes this ab111ty,of the Tiver remaing- .

N .

. mpaired. . - B
. v ¢ o
5. The Fate of Pyruv1c Acid (See &
- "Figure 16) ‘ |
L1ke G- 6 P, pyruv1c ac?% occup1es a key positwon
i~ metabo]ism It is the end product in the ma1n 11ne of
glycolysis and from\dt acety] CoA is formed tg ru /the TCA
cycle, and to syntheSIze fatty ac1$s and cholestéio1 A N
Pyruvic acid,-by revers1b1e reduction. forms lact1c ac1d
‘which can be converted back to g]ucose, used-for the
formation of oxaloacetate or malic acid, or trans-am1nated
to form'alanine, Alanine formation is a]so'a revereibieﬂdf

progess, that 1s, a]anlne by deam1nat1on forms: pyruv1c

%

acid. Several acids in the1r metabolism are direct]y
" converted to pyruvic ac1d . Decarboxy]ation of oxaloacetic.
acid;forms pyruvic,aciduas does oxidation of;maljo»acid by

'MDH.,
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G-G P

Locnc aCid ~—r——— Pyruvuc acid ~———— Algnine \°
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Malic acid = ) . " T Oxaloacetic

-
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Acetyl COA + CO,

R

acid
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S In muscle ‘tissue, synthesis(of glycogen occeurs \“
' malnly by direct phosphorylat1on of pyruvate, while in the
l1ver synthe51s of glucose and glycogen occurs ma1nly via

- alate and oxaloacetate and PEP; the pyruvate carboxylase

14 vel is h1gh Anapleros1s is the mechan1sm for supply oﬂ
0AA (from amino ac1ds) to 1n1t1ate succeed1ng turns of TCA

cycle Th@ major fate of pyruv1c acid 1n most mamnalian

cells is oxldation to CO2 and acetyl CoA.

.5{ | Glycogen Metabolism _
, Glycogen,vthe pol;sacchar1de form for carbohydrate
storage, .occurs in small amounts in most t1ssues, notably
| l1ver,}skeletal muscle, and adipose tissue cells.
In tissue cells glycogen is bound wrth prote1ns
and exists 1n two forms, desmoglycogen, an 1nsoluble form

: bound to proteins by "res1dual valenc1es » and lyoglycogen,

a free soluble form (217) Meyer et al. (2l8 219) suggested

the b1nd1ng of glycogen to prote1n is phys1cal not chem1cal

that 1s,.an entrapp1ng of proteln by the glycogen cha1ns N

'/\’_,,
’ ;' ‘ - (a) The Molecular- Structure .' '.~K"a
;:j _ i, Molecular weight. Phys1co chemlcal

"measurementsssuch as osmotlc pressure, v1scosity,.y3{
’sedimentation, dwffusion and end group assay by < mical
means are methods used to determine the molecular weight

and structure of glycogen That glycogep-hé; a varied

molecular weight [(2 5) x 108 with ~2, 500 -D- (1 6) 1nter-5
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cha1n 1hnkages] was flrst pub]lshed in. ]931 {136) and }ater"p
rev1ewed (349), ' \\1 ) o

it. Enzyme methods for structura] ana]ys1s'
G]ycogen is attacked by amylases, rand phosphory]ases,_end
Timit dextr1n by Amylo-1,6- g]uc051dase Amy]ases are of two
types, o and B.' a=- amy]ase cata]yzes Random hydro]ys1s of ‘the
a-p(1+4) Jinkagés in’ both exter1or.and!1nter1or cha1ns of
glycogen; giving ma]tose (ZZOJﬁ'B-amylase catalyzessa step-
w1se hydrolys1s of a]ternate 11nkages in a chaln of a-(1+4)
linked™ D g]ucose residues 11berat1ng ma]tose (221& 8- amy]ase
act1on starts at the non- reduelng end of the chain and ceases

when g]ucos1daseqt"kages other than a D(1+4) are encountered

and ‘is confined to the ‘ Wor port1ons of the chaln pro-3

/'*“ ’ b

duc1ng high molecular we1ght 11m1t dextr1n (3 dextr1n or

‘ma]tose) which contalns all the intgr-chain 11nkages - SN
PhOSphory]ases (222) in the presence of inorgan1c'

~ '

'phosphate, remove Dqglucose res1dues from’the exterior chains -

-

of g]ycogen A'_ : . o ,vf, Q

",[G]n» [G]n_]’+’s-1-:z‘ L

Phosphory]ase can not by~pass interchain:_
.11nkages and its aff1n1ty for glycogen depends on 1t§\3"
source (232 223) ;- for emﬁmple, muscle phosphory]ase has . = —
; more aff1nity for glycogen and yields 30- 50% D g]ucosyl | |
phosphate - - ‘.‘- f' ‘ , .

L ) : - ) . - e ‘ . . '

,/‘
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Amyﬁo 1 6 glutos1dase, wh1gh has no act1on on

. -

“glycogen 1tse1f hydrolyses the 1 ,6-glucosidic bondsof 11m1t

" dextr1n (224)gobta1ned from qucoqen by B - amy}ase

S fiii( Per1odate ox1dat1on {or end-group assay
“ . ’
~In this method‘ form1cLac1d wh1ch arises, oﬂly from non- T

z o

-~

'reduc1ng term1nal groups of g]ycogen is determ1ned by

§at1ons using p)

1metaper1qdate at a temperature of 2-20° for 1-7 days have.

titration with §bd#umnhyd¥ox1de ' Modifi

ﬁ'been made and used (23% 225) R o~

.iv} Methylat1on for end- group assay. In 0

ghese stud1es, acid hydrolysates of gram u ities of
ﬁ;methylated glycogen are analysed by chromatograph1c methods

for tetra -0- methy] -D- g]ucopyranose whlch ‘can come on]y v

'ufrom non- redJclng e#d groups @234) v' v

; _ o G]ycogenrcontains equal numbers'o%'non;reddcing T

'endpgroups and ) ,6- intercha1n 11nkages and ‘the determqution?
-

.S
ofq%1ther proport1on w111 fac1]1tate ‘the ca]@u]at1on of: the

average chain ]ength

= : ) -
’ | e

~ {b) Tissue Distribution
o of Glycogén o y

Norma]]y mammalian;£1ver contains 2 to’'8%
A

glycogen on- a wet weight baSis Tota1 body carbohydrate
- as g]ucose in. the average man is norma]ly 20 to 30 g where-

v_as in the liver glucose as g]ycogen amounts to more than v
. o <
_300 g The percentage of g]ycogen 1n the lﬂver 15 higher

¥

than in muscle, but because Of largér muscle mass. 1ts

l quantity is: much“greater in musc1e (226) : f'f- : : g*
Ve ¥ g E Cod

f . AR
w 8. . By

L FOSENY
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The rate-of tlssue g]ycogen formation depends on'gg
the fol]ow1ng factors . ;_/M\L . .
| i. - the rafe otpinte;tinal absorption.
ii. the metabo]ism of the ;utstances absd*bedc

iii. physiological cnhnges in the- an1mals

9~

For examp]e, rats fasted 48 hours form g]ycogen more rapidly

*rom g]ucose than from galactose, but 1f kept on an ordinary

_ diet the reverse is tr,'. Pro]onged starvation decreases

)

:’the an1mals capac1ty to ox1d1zet§lucose and under this
cond1t1on an1ma]s coEEgyt much o

heir own g]ycogen H1gh

"“prote1n diets ma1nta1n tissue- g]ycogen much better dur1ng

stariatlon The protein efgect stimulat gluconeogenesis

! dwh1ch is deanssed by a high carbohy‘rate diet. Aniﬁals

- fa ted for 1ong per1ods e@tab11sh better gluconeogenesis . J

from tlssue prote1n and~gge1d 1arger quantit1es of glucose
to the tissues. 2 o R S <
| “iv. various patho phys1ologlca1 condltions |
e1ther dep]ete or incrBase the g]ycogen content of tﬁ“}h 4§
t1ssues (227 228) : :
| | V. ep1nephr1ne and glucagon admlnistration
causes deplet1on of 11ver g]ycogen, by act1vating cycllc |
3',5'-AMP and by convertlng phosphory1ase /t' to 'a thus -‘__
making G- 6 P available for increased blood g]ucose leveis_

I
(hyperglycemla), th1s causes a fa]l of*musc e glycogen.

' a rise of b]ood lactate and liver g]ycogen

J
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,vi}‘ insulin insuff1c1ency leads to reduced
activ1ty of the glycogen synthetase system, reduced
acetyl-CoA (which. stimulates PEPCK for the Synthesis of PEP.

“in gluconeogene51s), reduced GK act1v1ty, accelerated

w

G-6- P ase activ1ty, and decreased liver glycogen formatiodd ' {

4
Administration of insulin usually increases muscle glycogen

but not liver glycogen. Adenohypophyseal Hﬁrmone,tends to'

'increase,liver'glycogen Epinephrine,uglucagon and adeno-
™ )
hypophyseal hormones are antagonistic to insulin action : -

and lnhlblt glucose utilization ﬁ

4

. vii. glucocorticoads (cortisol and its
derivatives) produce a glycoggpic effect that lS, they -
enhance glycogen content by stimuLRting gluconeogene51s :

“from amino agnds.: _ enalect‘hized“animals when starved

. - o
or placed under st s can not maintain blood glucose and

’tissue glycogen l‘vels as they fail to form glucdse fromy : o
'protein Administr§$ion gf adrenocort1c01ds to well fed | | |
ganimals stimuladgﬁ Ehhancement of liver glycogen

. viii,. acidosis causes rapid glycogenolygis with )
fhyperglycemia and glucosuria, and reduces liver glycogen

* 4
ix tissue anoxia (e.g. asphyxia or et.ec

anaesthesia) causes both liver and muscle glycog'

4

and also produces tissue acidOSis Oxygen is necessary
v

"~ for glycogen synthe51$ Muscle géycogen, unlike liver

olysis

—

glycogen As not depleted by fast:

;texercise will depfgzeijt

but ;onvulsions or



~(c) Hereditary Disorders of

- G]ycd/en Metabo]1sm or

G]ycogen torage D1sease
Hered1tary dlsorders'are character1zed by
accumu]at1on of t1ssue g]ycogen and based on the lack of

all enzymes of g]ycogen metabo]1sm The lack of liver.

G-6-P-ase, (Von Gierke's dJsease) (229) which causes.hypb-

glycemia, the lack of deb?anching or branching enzyme'

which F?@ﬂs'to the'acchmu]atioK(d?ﬁg]ycogen,With abnormal

branch ength; the lack of musclevphosphorylase (Mcard]e's

mpair the body's, capacity to

hdisease)'(ZBO)_and tj? Iack of liver phosphory]ase enzymes)

‘(Hefé disease) ?231)
hydroiyse~$1ycogen Thus, the accumulation of,g]ycdgen in

t1ssues can be corre]ated with a re]ative def1c1ency o#
LU

e1ther G-6-P- -ase or debranch1ng enzyme or phosphorylase or

>glycogen synthetase (235 237,8). Figure 17 out11nes the _
metabolic blpcks of g]ycogen cyc]e enzymes due to
d1sturbances of g]ycogen metabo]1sm )
(d) G]ycogeno]ys1s and Glycogenesis
. G]ycogeno]y51s implies breakdown of g]ycogen,-
and occurs by hydro]yt]c'processes-w1thin the_ce]ls.
'G-1-P thus produced isfconvertedvtb-G-GeP by the PGM‘

L}
t

creaction and‘ent%rs’mafn pathways“of carbohydrate metabb]ism,'

G-6-P- ase, a mficrosomal: enzyme, convertstf -6- P to glucose
only 1n>the,in£est1ne, liver and kidney and - thus releases ,

g]ucose to thf c1rcu1at1ng b]ood Cord and Larner (232)

o .

suggested the existence of a phosphorolytic pathway by

- 93



Fig.

17.

o
! el

'.Disturbances of the g]ycogen metabollsmﬁkaMetaboIlc

blocks in (A) v. Gierke's disease, (B) Hers'
disease, and (C) Limit dextr1nos1s Enzyme

reacti%ns : ) P i

1. . G]ucok1nase (2.7.1. 2) '
»ATP + D-glucose} - ADP + D- g]ucose 6 ph

2. Phosphog]ucomutase (2.7.5.1) ,
' D-glucose-6-ph + D-glucose-1,6- dlph
- — D-glucose-1- ph + D- g]ucose 1,6- deh

3; %lucos{ 1- phosphate ur1dy1y1transferase
2.7.7.9
- UTP + D- g]ucose - -ph -~ UDP- g]ucose + PP,

4. UDP- glucoie glycogen glucosy]transferase

, (2.4.1.11 .
“  UDP-glucose -1,4- lucosyl) :
UbP + (a-1,4- =g Tu osyl n+l- -
5. a-Glucan- branchlng ycosyltransferase
(2 4.1.18)

vCatalyzes tne branch1ng of- polysacchar1de
chains by transferring part of a 1,4- N
glucan chaim from a 4- to a 6- p051tion

’.'-6, a-Glucan phosphorylase (2.4.1.1) .

(a-1,4-glucosyl), + P » (a-1.4- glucosy])n 1
+ D- glucose 1-ph. -~

7. Amylo-1,6-glucosidase (Dextrin 1,6-
glucosidase (3.2.1.33).

"Hydrolyzes 1,6-glucosidic llnks at the -
branching points, formation of free g]ucose

8. Glucose-6- -phosphatase (3.7.3. 9) Lo
D- qucose 6-pH + D-glucose + P (247) '

-~
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which glycogenlis degraded (see figure 18) into a mixture
of G- 1- P (937) and glucose (77) by the combined action of
phosphory]ase and amyto- 1,6- g]uc051dase ~ G-1-P is
released by phosphoroinis of 1,4- giuc051dic linkages and
aglucose is reieased by hydro]ySis of the ] 6-glucosidic
bonds.. In the absence of amy]o 1 6 g]uc051dase, the phos-
phorolysis of the main outer chain stops at some distance
“from the branchingﬂpornt, where the side chains are
'reduced to a single glucose unit. G-6-P>obtained'fr0m
B G-1-P is then either oxidized through the pentose phosphate
cycle, or converted to pyruvate by glycolysis. w:“

;(e)g The Regulation of G]ycogenoly51s

. and GlycogeneSis _

Both the liver and musc]e contain phosphory]aSe}
'Phosphorylase causes addition of g]ucose residues to the .
non- reducing ends of the branches of the activating po]y-
saccharide to lengthen them, and it also splits glucose
units from thifnon-reducing ends Musc]e phosphorylase‘
acting on G-1-P does not" form branched g]ycogen, but
rather a straight chain amylose containing 80 to 200
.glucose un;hs Phosphory]ase action is limited to the
~ formation and splitting of a=1,4- gluCOSidic bogds In

order to synthesize g]ycogen in vitro by the phosphory]ase

reaction it is necessary to prime the reaction by adding R

g]ycogen or another branched chain”po]ysaccharide such as

ed

,amylopectin. or a branched chain dextrin The combin

-
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T % Glycogén N+ HPO, + HR0

it

, Phosb.horylau + Arhylo -1, 6- glucosidase

Glucose—I-phosphate + Glucose HP O;
o o Glucose-6-
?hosphoglucomufuu phosphatcs_o
"~ Glucose~6-phosphate \Hz 0

@

Glycolytl: -

Pentose phosphate cycle

~ Pyruvate - - o Ribu’loso—s-phovs‘p"hfotq; + COZ

Fig. 18&, The phosphorolytlc pathway of g]ycogen
S degradation



ﬁgy] P #esu]ts in the formation of glycogen. Phosphory]ase ET A

'ﬁfzﬁ¢oduces chains with 1,4- glucose linkage and then the "Tfﬁﬁf‘i’ g

:branching enzyme acts upon these chains. to convert some 025 - L
doon
- the 1,4-1inkages to 1,6- linkages thus forming branches L e,

(238) In the fed resting animal dep051t1ng g]ycogen, the
7

tissue contains low concentrations of G-1-P and high
concentrations of P favoring glycogeno]y51s

Musc]e glycogen phosphory]ase is of ‘two types ‘a'

‘1‘1\

and 'b'; phosphory]ase,'a','a tetramer with a mo]ecu]ar M__

.,4’

weight of:SO0,000'and"b', a dimer w1th am lar weight

of 250 ,000. Phosphohyiase ‘a' has 4 identical p iypeptide
_ chains each containing a serine reSidue esterif1 d through
a hydroxyi group to phosphate, and a IySine residue with
its amino group as the Schiff- base (-N= CH) of pyridoxal b_
phosphate The removal of tight]y bound pyridoxal phosphatel
with cysteine makes 1t inactive. The phosphory]ated serine '
and the peptide sequence of the phosphoryqase 'af is
.dentical to that of g]ycogen synthetase, pOinting out the
pOSSibility of their common ancestra] origin _ ,

‘ The dimeric phosphoryiase ) lphe inactive form,
'is obtained by\(emova; of ‘the phosphate group in the serine o
residue by phosphorylase phosphatase AMP serves as'a . vf{\ .
: pos;?\ve allosteric modifier of phosphorylase 'b) ' -
PhospAb(

N e

ylase 'b' can be activated to phosphorylase 'a"by:



.\\ . .
- \‘

: 1. phosphorylase k%nase which exists in
‘active phosphorylated and 1nact1ve dephosphorylated forms.
The 1nact1ve form is activated by ATP and Mg . PhosphOry-
_lase k1hase is stlmulated by glycogen .
ii, phosphorylase kinase wh1ch 1s actlvated _:
by cyclic AMP (10”7 M) Phosphorylase 'b' kinase is like
glycogen synthetase activated by a prote1q factor" which
Q .needsieleyated [Ca++] for activity Restlng puscle,N

v: because of high ATP and low AMP concentratlons, gan readwly
’convert glucose to glycogen, contract1dn, by utll121ng~'
ATP and generat1ng AMP reverses this relat1onsh1p

(i.e. glycogen phosphorolys1s becomes maxlmum) Ava1lable
'G 6- P enters the glycolyt1c pathway leaQéng to ATP Vﬁp
synthes1s and there is a dema for production of additIonal
/ﬂ{6—P for glycogen ‘ ‘ '

“ . The increase in [AMP], and a decrease in [ATP]
" and [G 6-P] stimulates operat1on of phosphorylase ‘b,
vEp1nephr1ne 1nduces format1on of. 3' 5'-cyclic AMP from ATP

this AMP then activates. phosphorylase k1nase k1nase which

gn turn act1vates phosphorylase kinase stimulated by still’

98

_abundant glycogen, ult1mately phosphorylase“b' 1s thus A

~converted to phosphorylase 'a' perm1tting max1mum glycogen

. phosphorolys1s Phosphorylase phosphatase aleo/converts
phosphorylase"a' to 'b' -and as the concentratlon of ATP

'.1s restored and ‘that of AMP declines. glycogen phosphorolysis
decl1nes markedly, permittlng restoration of the glycogen |

_ ;stores
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‘Liver glycogen phosphorylase works -and 1s con- o
‘trolled similarly to’ that of muscle phosphorylase except
that - they have separate, 1ndependent gene, control
Reactivatlon .of liver phosphorylase is stimulated by
_epinephrine and also by’ glucagon, ahd ACTH, both of wh1ch
‘have no effect on the ‘muscle phosphorylase system (see_
figure 19) (7,239 241). i
(f) Glycogen Synthetase' -

Conv1nc1ng ev1dences suggested that gLycogen
-synthesis occurs by the concurrent action of two trans-
uglucosylases, glycogen UDP glucosyl transferase (also
calledv'transferase or, synthetase"') (247 242), and a-
-branching enzyne.l upP- glucose glycogen glucosyltrans- »
.ferase lrrever51bly trahsfers an a-D- glucosyl re51due fromv':
-UDP G to an acceptor (primer glycogen or amylopec¢1n) con- ”v-
taining 1»4 linked a-D- glucose re51dues

. LeIOi et al. (247) discovered glycogen.

, synthetase in rat liver and muscle. That the enzyme\js

- bound to glycogen, and not llver cell structures, was con-

flrmed by EM (243). villar-Palasi et al. (244) proposed
the presence of a glycogen cycle as glyCOgen metabolizing
tissue contains PMG, UDPG- pyrophosphorylase (245), glyco-
gen-UDP- glucosyl transferase and phOSphorylase (see figure
20) In rat tissues. the levels of the . indiv1dual enzymic
activities are compatible with such a cycle as they are
'sufficient for. in vivo glycogen synthesis. There is, for,
example. general agreement between the glycogen content of -

)
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Adenosine triphosphate -/ : //

» ' e Eﬁinobhrino_
PP 4/ ' i /

Adenfl -cycliaose Ss—— Glucagon
” ~-ACTH

Adenosine -3' ,5'—-monophosphate
" ~(cyclic AMP) -

NN Glycogen
o : Phosphoryldse- kinase o o v
Phosphorylase b / - —— Phosphoryloso_ o
ATP P - ) Glucose-1-ph

“Fig. 19, _ActiVétion of phosphorylasé (a-éihcan phbs?:f
3 . Phorylase) by epinephrine, glucagon and ACTH.



0

phosphate

@-0- glucosyl phosphate
, o

' Uridine 5- triphosphate . (2) )

|

o-glucose 6 - phosphate -
A1) {6)

b

- o: glucose

Fig. 20. " Interconversion of glycogen and D-glucose by way
' of glycogen cycle. (Key: (1); hexokinase- S
adenosine 5-triphosphate; (2), phosphoglucomutase;
~(3), UDPG-pyrophosphorylase; (4), glycogen-UDP-
lTucosyl transferase and branching enzyme; -
?5), phosphorylase and amylo-1,6-glucosidase;.
(6), D-glucose 6-phosphatase). L

—
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the tissues and the above enzymic act1v1t1es (245)(p Howeyer,
Athe d1str1but1on of the glycogen cycle requ1res 1nve§t1gat1on,-
since histochemical Studies (245) of rat skeletatl muscle
have shown: that UbP- g]ucosy] transferase. act1v1ty is con—
centragid in the sma]] red fibres, whereas phosphorylase and
the branch1ng enzyme are most act1ve in the 1arge white gféz
f1bres
Glycogen synthetase'catalyzes formation only of
d-1,4 bqnds% The interchain 1inkages (branching) in g]ycogen
~are formed by the action of a second tranSglucosyHase ca]]ed
g]ycogén branch1ng enzyme , amylo- (],4+1,6)—trans-g]uco-
sylase wh1ch.1s present'1n liver, muscTe, and.brain This
”transglucosylase removes terminal fragments of 6 or 7.
g]ucose units from the main cha1n or from the ends of
‘) major branches of the g]ycogen cha1§, at - 1, 4 linkages and
8 transfers them to the same of another g]ycogen mo]ecule, ) - : i
r,hut in an a- 1 s6- 11nkage, thus new branches are be1ng
created It is the fﬁpec1f1c1ty of th1s 'branch1ng enzyme
T),a;s,x,:;_-vthat determ1nes the 1nterbranch dlstance a]ong the g]ycogen o
| "chaln (246, 238) . '_ B R - S
| _ Glycogen synthetase ex15ts in’%wo forms .the
‘D' or phospho form which is actlve in presence of G- 6 P
Y

and the. i\I or dephospho form which is independent of
5

G-6-P. G- 6-P stabi]izes glycogen synthetase against

~a1ka11ne denaturation and heat

-



'phosphoenzyme needs G-6-P for act1qu’7 .

vthe glycogen concentrat1on 1ncreases, the D!

phosphorylated to form C hospho enzyme by the spec1f1c

glycogen synthetase kln\se 1n presence of ATP it is less
active, but can. be markedly st1mul@ted by G-6-P. 4The

phospho enzyme show spec1es spec1f1c1ty (for example,\dog

.Fne UDP which could accumulate 1f the supply of

both ATP and lucose is "limited 1nh1b1ts the phosphoenzyme ,

[}
t

stronglyn :
Glycogen synthetase k1nase can ex1st 1n act1v€

and inact1ve forms The 1nact1ve form 1s act1vated by

'cycllc AMP which in turn is formed from ATP by an enzyme

Q

system activated by ep1nephr1ne In Sudden stress

ep1nephr1ne transforms "' to D( to fac1l1tate glycog@n

rd
-

é,\
NG

format1on only if the . G-6- P concentrat1on is suff1c1entlylf51i

high to actlvate the synthetase as well as- to form G*ﬂ -P.

-In musgle the klnase may also be actlvateasbﬁ protelnhn

k)

factor' by an elevated 1ntramuscular [cat ], whrch Jsvy.'

\

--1ncreased durlng contract10h;*

Glycogen synthetase phos hatase, whlch converts

'D! (phosphoenzyme) to"Id (dephos

k)

by glycogen itself Consequentl

Joenzyme), is 1nh1b1ted
‘iif heart or skeletal

muscle glycogen 1s depleted the 21< form domg\;tes;-as

Again, the d?ﬁln1shed glycogen concentratlon

releases transferase phosphatase and consequently the 'D‘

orm -increases.
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form is converted.to the ‘Iffform.leadtng to'acce1erateg
synthesis of glxcogen._ Phojphoryiase'phOSphatase also
»\\converts phosphorylase ‘a' to 'b!'. As the concentration of
ATP is restored and that of AMP dec11nes, glycogen phosphoro-r
1ys1s dec11nes marked]y, perm1tt1ng restoratlon of g]ycogen

stores,

4. The Sources and Fate of
-' B]ood G]ucose (see F1gure 21)

_ . Normaﬂ blood ¢’ ' ose’ C)ncentrat1ons 8‘to 12 hours
dfter meals are 70 to 90 mg% B1ood glucose orlg1nates - ;g :
from diets, arfd from ‘he hydro]ys1s of G 6-P (glyco]yt1C'
‘zgoduct) in liver, x1dney, and 1ntest1ne G-6- P may be

tained by either g]ycolysns, g]ucogenes1s (from carbo-

hydrate other- than glycogen) and.gluconeogeneSjs from‘noné'
carbohydrate pretursors (e-o. am1no ac1ds, intermediate of
g]yco]ys1s, glycero], etc 1se. glucogen1c substances) m@

The ]atte; is the reversa] of g]yco]ys1s in wh1ch enhanced
act1v1ty of PC PEPCK and fructose- -diphosphatase is. seen

( - G]ucagon from the pancreas, and epinephrine from
‘the adrenal medulla cause glycogeno]ysis G]ucocorticofdsff\&/f
lncrease the supply of amino acids to be metabolized to ?
pyruvate, thus providinJ awvmaterials for gluc:oneogenesis‘*'j
‘ (see.figure 22) Insulin does the opposite, it facilitates
yientry of glucose into cells. and exg;ts a suppressive -
;\ influence on the synthesis of pyruvate carboxy]ase. PEPCK,

and F DP‘ase., Insulin also 1ncreases amounts of GK 1n
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Sources and fate of blood gihché (213}214).
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Format1on of phospho eno]pyruvate from pyruvate
Enzyme reactions:

1. Pyruvate carboxylase (6.4.1.1) :
' ATP + pyruvate +:C0, + H,0 » ADP + P +

Vo

oxa]oaCetate'

(requ1res acetyl-CoA as an actlvator)

2. Phosphopyruvate carboxy]ase (4.1.1.32) .

*ITP + oxa]oacetate + phospho enolpyruvate +

VU c0, + TP (7)
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liver and adipose cells, enhances g]ycogen synthetase-~
activ1ty and 1ncreases operation of the phospholuconate

‘ pathway td prov1de NADPH for 1ncreased fatty acid s;nthes1s‘r ‘
from either glucose or pyruvate Insulin also promotes

»prote1n synthes1s from am1no acids and thus reduce% gluco-
neogen1c precursors. A : -\\/

J.. Integrat1on of Carbohydrate, Fat‘and

Proteln Metabo]1sm ‘ o SRR

‘\

F\na1 ox1dat1on of fatty acids through ox1datlon
of acetyl CoA, and carbohydrate through ox1dat1on of
__yruvic acid occurs through the TCA cyc1e v The amino

‘fac1ds, leue1ne, tyr051ne and phenyla]a 1ne,.are

‘deaminated ‘a d ox1d1zed to acetoacet1c ac1d which . then 1s

‘,vox1dlzed through TCA cyc]e, acetyl CoA formed from these
Tamino acids is used for the synthes1s of fatty<ac1d_and
'cholestero] | | , | ._ B
A]anine, cystine:aand serine form pyruvic acid,
'wh1ch is then either oxiYized through th1s TCA cycle or
converted to glucose and lycogen by the reversa] of
nvglycolysis, or 1s convertdd to acety] CoA for ut1fqzat1on

v \
- as fatty acid and cholesterol.

f'g‘ : " Aspartic and gluta ic acids directly e ter the
' TCA cycle at OAA or a- keto J?:II?aee and are oxidized
completely by 2 or more turns of the TCA cycle; this leads
glto pyruva e, withf&uésequent production of g]ucose and
,g]ycogen. Through pyruvate, it also leads to acetyl CoA, \\\\\

L}
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and consequently, to fatty acid and cholesterol. Argfnine,
histidine, ornithine and pro]1ne enter the TCA cyc1e in-
d1rect1y through. g]utamlc acid at the a- keto g]utarate
stage. ‘ - R | . -
By.reverSal of the reaction'by'whiCh'amino acids
enter the TCA cyc]e,»syntheSIS of non essentlal am1no ac1ds "
by am1nat1on occurs: 1n the 11ver For example, pyruv1c
acid, OAAQ@nd a- keto glutaric acid are am1nated to a]an1ne,
aspartlc and glutamic acid respectlvely 'Agaln, when the
Tiver is f]ooded with a m1xture of amino acids, a greater
-proport1on is deam1nated and ox1d1zed and thereby the

amount of pyruv1c ac1d 0OAA and a- keto g]utarlc acid are

1ncreased‘ For synthes1s of t1ssue protein from amino .

‘,,ac1ds, ATP 1s needed This demand is met by 1ncreased

drates of TCA cycle reactions. Thus, hlgh amino- acid con-
centrat1ons 1ead to increased TCA cyc]e funct1on with in—
creased ATP SynthESIS Under certaln pathogeh%c condit1ons,
when excess1ve t1ssue protein breaks down to meet the .

energy requ1rements, ox1dat1on of fatty acid (q\?tyl CoA) N fé
: 1ncreases with an 1ncrease in TCA cycle activities. For |
eff1c1ent ox1dat1on‘of acetic ac1d adequate amounts of .
cetalytic OAA»are proVided Norma]ly, this comes primarily
from pyruvic ac1d in the 11ver, the ox1dative deaminationi

of aspartate, and from a keto glutaric acid formed upon

entrance of other amino acids 1nto the cycle
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'\\ - | During starvation, breakdown of tissue proteins -
'prevaiis and energy is primarily derived from oxidation of
fatty acid from the TCA cycle‘ Of course, the severity is
less in starvation, as keto. aCids formed in the deamination‘b
: process can be effoCientiy oxidized to yield energy

OAA and other cycie metabolites from amino acids
occur 1arge1y in the 11ver and then pass on to the tissues
via b]ood, where they are used by TCA oxidation. »

The bradphing points of intermediary metabo]ites

of fat, protein and carbohydrate are shown in figure 23.

K. The Present State of Carbohydrate J cv o

Metabolism in Uremia

hal

The vast literature covering the encyciopaedic: g
‘works done on the patho phy51ologicai effects of uremia on
carbohydrate metaboli fm have been reviewed first by 0' Brien :
et al. in 1965 (248), Wills in 1968 (21), Merrill et al. inh_f”
1970 (249), and mo recently by Defronzo t 1:.in’1973 |

&
h?250) after the background materiais were reViewed and
' mubiished by many workers (20 104,251,252 253)
There is no coinc1dence to suggest that the . .

kidney p]ays a preliminary role in control mechanisms for-
fglucose and lipid hdgeostasis,;as the plasma g]ucose con-'
'centration is normaiiy maintained at a va]ue we]] below the
renal threshold for glucose ({etween 125 to 160. mg% in man)
'Under normal conditions, virtual]y a]] filtered glucose is

reabsorbed from the tubu]es by an active transport process

Q
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Glucose
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SR ~ Citrate cycle L »
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»
Fig. 23. Branching poiWts of the intermediary metabolism. T
.‘ .. ; . . . B ".‘ e ) . (}
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thcourse, the kidneys play an important role in metabo]1sm
and degradat1on of insulin; they are secondary only to. the.
11ver in the regulat1on of p]asma 1nsu11n concentrat1on-
(254). | |

| The glucose tolerancet(i.e.'capacity to dispose‘
of adm1n1stered g]ucose) is abnormal in renal fallure but
fasting hyperg]ycem1a 1s rare (255 256 »257). »

Uremia is known to- 1nterfere w1th carbohydrate
metab011sm in two apparently oppos1te d1rect1ons In non- ‘,;M.,%
_ diabetlc but urem1c pat1ents g]ucose 1nto1erance 15 often .
seen (258 259), while a ‘diabetic when uremic often shows a
decreased 1nsu1in requ1rement (260 261). Balestri et al.

(264) found that in in vitro: experlments, urea and

diaphragm and by norma] human erythrocytés They a]so
observed that art1f1c1a1 elevation of blood urea or
creatinine causes carboﬁ?ﬁrate into]erance 1n human subJects,
but that methy] guan1d1ne has' no effect on the glucose
'hto]erance of<therr subJects Quite in'contrast were the
'flndings of the other workers (262, 263 »57), who showed in

both i v1v0-and'1 vitro experiments that the‘ guan1d1ne,

methyl guanidine and guanidinoacetic acid reta1ned in CRF

exert hypoglycemlc effects quite similar to those of the )

biguanide oral antidiabetic agents
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Impaired carbohydrate-tolerance in'thewwhole
organISm together with per1phera] insulin unrespons1veness
'(1m a1red g]ucose uptake) has been suggested by Cohen
et al. (184) to be due to 1nh1b1t1on of ADP induced
vP]atelet,Factor 3 deficiencyw?h\uremics.(184)2 The PTatelet
_Factdr 3 deficiency, 1mp11cated in uremic- b]eedlng, bears a
corre]at1on with GSA Jevels before and after dialysis
- treatment.

| A GSA 1nduced defect in the phosphory]atrng o
vcoenzyme is due to its inhibitory effect on ADP, on Platefet
Factor 3 re]ease, and upon hexok1nase or other re1ated
'enzymes 1nv01vedw1n the ce]lular uptake of glucose.
*Impairment of both g]ycogenes1s and g]ycogenolys1s occurs
in the 11ver, a pr1nc1pa1 s1te of this defect 1n carbo-

- 1hydrate metabollsm - s1te rn wh1ch the requ1rement for
ATP is greatly enhanced by the 1ncreased requ1rement for

H V

urea synthesis from ammon1a‘and§deaminat1on react1ons

Cy ‘(qu

h‘Hutch1ng t 1 (265) under'

’ hydrate 1nto]erance from the eﬁ?&gM33M¢

1nféct1on,'1nactgv1ty g]ectro]yte, é”:‘

-—

~

'\?\
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~_antagonists.
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antagonists. Hypoglycem1a is common after dlal sis due to
endogenous 1nsul1n secneted in response to h;p;rglyg%m1a
prior to d1alys1s (351) _ Several theor1e\%#@ve been pro- cqé
posed to account for the abnormal carbohydrate tolerance

‘seen in CRF:

i. - defects in 1nsul . 4
' 5

Cii. the presencenm

ii defects in per1pﬁeral glucose ut1llzat1on

iv. defects in hepatic glycogen,storage and/

or glycogenolysws T R _E?

J

"“; v;“”'other factors.

A summary of these theories is present in the follow1ng

paragraphs

| .l.. Insul1n Synthes1s and Release

“Conn (269) suggested that .the normal rapid
release‘of 1nsul1n from the pancreasGan response to a.
glucose load 1nvolves a spec1f1c concentrat1on of potass1um
w1th1n the B- cells and- also extracellular flu1d con-
‘centration of sod1um and calc1um (270,271). Therefore,~‘
homeostatxc alterat1ons in any of these 1ons may be 1n-’
volved in abnormal carbohydrate tolerance in uremia.

Gorden gt _l. (272) observed that lO% of the
ihsulih released aft er oral glucose stimulus is a 51ngle
chain precursor of 1nsul1n with less blologlcal activ1ty,

levels of this 'big insulin', are elevated in the uremlc

on‘glucose challenge.
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Fo]low1ng I.V. glucose stimulus in the Turemic,
the p]asma 1nsu11n ear]y response shows conf11ct1ng values;
~ some show nofmal levels (273), and 1n others there is an

“increase (265) or a deCrease (267). Late 1nsu]1n 1evels

";havevbeen reported to be elevated (274) Pro]onge4 ha1f-

“life of 1nsu11n 1s known to occur in b1]atera1 tut not. 1n_‘
{qn;]atera] nephrectomy in humans‘(254), (The basal plasma .
'arterial jnsu]in_]eve1 is 15 pU/mi). The recent review;by
'Rubenetein gtbal. (254) also reported inhibitioh of some
other 1nsu]1n degrad1ng organ systems_t; occur ;in uremwa
This 1nh1b1t1on cou]d be corrected by d1a1ys1s Sp1tz_
et 15 (265 275) speculated that the hyper]nsu11nem1a seen
1n uremia. after glucose adm1n1strat1on and the pro]onged
hypoglycemia fo]]ow1ng exogenous 1nsu11n and to]butamlde
(66) might result from a decreased ab111ty of the 11ver tob
degrade 1nsu11n, this was supproted by w11dberge et _l._
(276) in that the nephrot1c rat liver extracts inacti Vated _
less 1nsul1n than contro]s (normally 11ver degrades 1essiiﬁt
_than 50% of the 1nsu41n re]eased in porta] c1rcu1at1on)
The d1screpanc1es in tae response of ‘insuhn_tdr_%’th
glucose st1mu1at10n (wh1ch in the~norma1 can show hyper- uﬁ>
'insulinemia ihmediate]& after g]ucdSe ad;inistratioﬁ) |
_m1ght be due to 1nterp1ay between 1nsu11n secretion and
-per1phera1 antagonism (250) Sagild e et al. (277) showed

" that the glucose utilization index, K, decreased with

~depletion of potassium (as little as 200 to 569 mEq).

-
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'Mi]ner et al and others %gowed the importance of the

: 271). wTherefore, all. s

potass1um lon in the pam;reatlc release of 1nsu11n (281 ,270,

gested that a poss1b1e causexof
‘uremic g]ucose 1nto1erance might be d1m1n1shed pahcreatwc
‘”1nsul1n re]ease secondary to hypoka]em1a, but that th1s
"cannot be the only factor v Sperge] et al: (278) observed
that oral potass1um treatment 1mproved g]ucose to]erance
mbut_d1d not completely return g]ucose_to]erance to{norma]f
' : 2. The Presence‘ovaircu1ating
\~;>/’/{f\\ | "~ “lInsulin Antagonists‘ R |
| Per1phera] “insulin antagon1sm has now been we11
documented by se(/ralaev1dences. _
(a) Forearhfperfusion studies of Wester-
velt k279,280) shbued’that during
the basal period, glucose uptake"v
PR ) -7 in uremfa is similar tq that in con-
o | tro]s...However, 45.minutesvafter
intra-arteria]-infusionhpf‘fnsu]in,
the forearm g]ucOSe.uptake innthe_

uremic is‘dnly 25% of that in the

| _control; lactate product1on on a ;/j

mo]ar basis of " g]ucose uti11zed was.
the.same 1nluremicstand contro]s. B
' t?Phosphorus uptake a]so'decreased
| They did not distinguish betsabn

'th1s periphera] insu]in antagonism,
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L a defect in 1nsu11n medlated ce]l
membrane transport of g]ucose, or
a defect in glucose phosphory]at1on
.However, once g]ucose enters the
cellvand.becomes phosphorylated ?
the Embden Myerhof pathway seems to
) I " - be 1ntact B - | i’
(b) The fasting 1eve] of glucose is
\’ . normal but-the insulin level is
Ahigher.as shodnfby_many,workers
(265.,273,275,282) . |
(c)_ There is deTayed and diminished
fa11”of_b1ood glucosebafter exo-
genous insu]in administration
| (267,283,275). and . 3
(d) 'Tolbutam1de administration (66
267 275) Mechan1sms postu]ated
& L are: | | |
i c1rcu1at1ng antagonism is due to
elevated fast1ng p]asma growth hormdhe:ﬁn most of the :
uremics; (252;282) the 1evels of which are known to be in-
.versely correlated to serum~aﬂbum1n, this suggests _
"abnormal growth hormone response to be a ref]ection of
protein ma]nutr1t1on, secondary to renal ‘fatlure. . b
| ii. ce 1]u1ar antagonIsm accumulation of

urem1c toxins: antagonize ce]ls via non- insulln dependent

| ~mechan1sms, ;:ohably by inhibitiqm enzymes such as PFK

A
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N s
(284) or uncoupl1ng ox1dat1ve phosphorylat1on in l1ver
m1tochondr1a w1th a resultant decreaselln ATP levels (284).

' iiis metabol1c ‘end products (265 275) h

iv.' ac1dos1s | '

A : Twenty- f1ve percent of the pat1ents rece1v1ng
,k1dney transplants were reported to develop impaired
carbohydrate tolerance as a result of large doses of, »
-glucocort1c01ds Dl%§ and tolbutam1de cure th1s effect. ;T\
The effect also’ subs1des when the predn1sone dose is |
lowered (285) 1 :. B : . R

It has been shown that- the abnormal glucose
‘tolerance assocwated with CRF can be corrected with.
adequate hemod1alysis (267, 268 274), implicating the

dialysable low molecular we1ght substances in caus1ng

".perlpheral 1nsens1t1vity to insulin.

The hlgh plasma 1nsul1n concentrat1ons ine - o
pat1ents wlth CRF are assoc1ated with a markedly ra1sed

S
ur1nary 1nsulln excretion and 1nsulln clearance (286) whlch u<;/ff

excludes a defect in elther the synthes1s or release of

vwns qL as a maJor ‘glucose 1ntolerance in urem1a ‘_A'\*

reduction in glucose utilization.by rat J1ver slices,d .
lncubated in, uremic sera also supports the concept of o ; ‘ﬂ
retained serum factors" as the cause of insulln antagonism 7‘ Y

(287) Perkoff et al (279) disproved_ that urea alone can

5

”lbe incriminated in carbohydrate 1ntolerance in uremia



3. . Peripheral Glucose Utilization

Defects

Carbohydrate 1ntolerance 15 thought to be due to\

a primary alterat1on in e1ther perlpheral tissue: metabolism.

4

"or uptake, secondary to the metabol1c changes of renal,

fallure (279- 288) Impalred phosphorylat1on of glucose at

- the cellular level, and 1mpalled t1ssue glucose uptake due

to compet1t1ve blockade of phosphorylat1ng coenzymes, are

proposed to be causes of ?mpa1red carbohydrate tolerance in

uremia (279 280, 288 66)
4. - Defects in Hepatic Glycogen_

. l Storage and Glycogenolys1s ’ , )

Cohen et al. 1mpllcated the l£;3r in abnormal
carbohydrate tolerance, suggest1ng that after oral
' adm1n1strat1on of glucose and I.v. 1nqect1on of 1nsul1n,lﬁ
vthe hyperglycem1a 1nd1cated the l1ver S 1nab1l1ty-to take
,upwglucose . ‘They felt that the prolonged hypoglycem1c
response of I.V. 1nsul1n was due to d1m1n1shed hepat1c

glycogen stores secondary to a defect in glycogen synthesis

or release (glycogenoly51s) (289) 'In subsequent studies

S he observed subnormal increases in blood glucose. following

\bofh glucagon and ep1nephr1ne, and a markedly abnormalv

' galactose tolerance test in- uremics (289) as well as in
'nephrectomlzed rats. He suggested that the failure of
urem1cs ‘to d1spose of galactose (which 1s normally taken up

b%{the l1ver) and the subnormal response to. glucagon -and

/ ”
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epinephring were due toa defect-in hepatic glycogenesis
‘(289) Luke et al (293) found fructose tolerance in
‘uremics despite the presence of glucose intolerance,
although fructose is primarily netabolized'by the liver
"~ enzyme FK; they concluded that the Embden-Meyerhof
‘pathway below the F-1,6-DP level must be intact. Dzurik
et';l.'(ZQO) and Boucto.gt._l; (291) demonstrated normal
liver'glycogen_content in uremic patients and in acutely
and chronically uremic rats. Cummings et al. (292) found'
that incorporation of,glucose into Qlycogen, lipid and CPZ
'by chrOnically uremic rat liver was normal. Dzurik et al.

(287) also observed that uremic serum incubated with rat

. liver slices was without effect on glycogen synthe51s

5. DOther Factors
An absolute increase in hepatic gluconeogene51s
? or an inability of the liver to decrease glucose production
. in response to insulin may be other causes for glucose

,intolerance in uremia These p0551bilit1es have not been

explored except for ‘the obserVation that concentrations of

plasma amino acids including alanine, the chief gluco-

neogenic suhstrate (2¢1, 295), diminished in uremic patients

(157) o
Hampersb;t g_ (267) and Lowrie (273) found that'

in spite of good nutrit ion, patients on chronic dialysis

showed persistent carbohydrate intolerance

119°
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L: The Tmeatment of Chronic;Renal_Failure
1. iHemodialysis f
The toxemic effects of toxic metabolites and
amino acids in the etiology of the uremic. syndrome remain
unclear, but their removal by hemod1alys1s and peritoneal

d1aly51$ are contlnually done (297-300). Renner et al.

(301) showed that unless these substances are removed by

dialysis, they inhibit enzymes, diminish utilization of

pyruvate, B-hydr0xybutyrate and aCetoacetate by tissue

slices, and reduce the rate of format1on of glucose from

pyruvate (probably due to a reduct1on in ATP synthe51s)

Uric acid in CRF 1led to 1nfrequent occurrence of:secondary

gout due to the'difference in uric acid.metabolism as
comoanedmto"normal‘subjects:(3;303). _This maywbe@ddeLtOZ%R”
uricolysis (30&), that is, the extrarenal elimfnation of
uric acid catalyzed by intestinal bacteria: jf‘_be . S
2.'i Protein Diets in Renal Failure
h It has been recently shown that w1th selective

low protein diets conta1n1ng the “mlntmum safe" quant1ty of

essent1al amino acids, urem1c symptoms can be controlled and

yet the ni--ogen balance ma1nta1ned (307 3ll) The princ1ples

of low prote1n dlets in uremia, avo1dance of deficlency 1n _’;w“ "

‘calories and essent1al am1no acids have been rev1ewed

(312-314 184) One - such spec1al dlet is the Giordan-
G1ovannett1 Diet. In 1963 Glordano»(307) and 1in 1964

‘Magg1ore'(308);reportedva diet adequate in amino'acids but



Tow in protein content (1/3 of a g/Kg bod& weioht: one
egg, 1/2 cup of milk) which supplies more than 1/2 the
dai]y protein 1ntake and the minimum daily required amino
acid. - This diet showed that more urea nitrogen found its
way back into protein and less urea was. produced and. the
BUN fe]] oy'SO% Since then others adapted thTS diet to
suit their national tastes (309- 311) | ‘

J ) The ca]oric 1ntake shou]d be 30 to 35 cal. per'
'Kg to utilize protein the form of fruit beverages, sugar,
butter, oil, etc. | | |

K The patients surv1v1ng on thTS diet deve]op side
erfects including hyperka]emia, ventricu]ar irregularities,
~and conv-.;ions Therefore, pota551um from vegetables
should be. removed‘by soaking in water - Then, of course,

twater soluble vitamins have to .be suppTied

..3r Homo]ogous Kidney Transp]antation
Tnis“ﬁs the only permanent so]utlon to the uremic

problem.
M. Summary of the'Metabolic\ﬁisturbances:in,CRF

The disturbances in the internai env1ronment in
TcCRF is complex and mu]tifactorial,‘as pictured in figure 24.
The retained metabo]ites and organic compounds trigger
}metabolic derangements acting at subceTTuTar TeveTS as
_enzyme inhibitors : The retention of urea affects the
sodium and. water balance by promoting an osmotic dTurESlS

retained metabolic products affect changes in acid base
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24. Diagram illustrating the changes in
environment "in chronic renal failure
(J.- Clin. Path. 21, 552, (1968)).
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ba]ance Also, these, either dwrectly or by a]ter1ng PTH
or V1tam1n D sen51t1v1ty, affect the Ca, P and Mg balance
which consequently contr1butes d1rect]y to the alterat1ons
in ce]]u]ar metabolism of prote1n, 11p1d e]ectro]yte;l

carbohydrate and ster01d metabollsm In the'alterations

~of . carbohydrate metabo]1sm ‘1nsu11n antagonists seem to

play a dom1nant role.

The b10chem1ca1 mechanisms involved in the

-urem1c syndrome of CRF are yet to be e]uc1dated
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CHAPTER 111

EXPERIMENTAL

)

(A - Animal Management
1. SubeTotai~Nephrectomy

Sub total and contralateral: nephrectomy in. ma]e
,W1star rats was performed first by 70 to 80 percent |
nephrectomy of the left kidney fol]owed by comp]ete removal
f_of the right kidney one Week ]ater,IUnder methoxyflurane
anesthesia (Penthrane, Abbott Laboratorles Ltd , Montreal
7Quebec), accord1ng to the method of Kessner and Epstein with
the m\B‘f1cat1on of HcCance and Morrison (315 316) Hemo- _
stas1s was created by oversew1ng the cut ends of the . |
, exc1sed_k1d y w1th,“Ge]-foamf (The UpJohn Co.; Ka}amazoo,

‘Michigan)' Caye. was takgp/not to disturb the adrenal

glands dur1ng su The mortal1ty rate was less than
~one per cent. Chron1c uremia was e]]1c1ted by ‘long- term
ma1ntenance (up to 19 weeks or more of sub- tota] and con-
'tra1atera] nephrectom1zed rats Sham- operated (SO) rats,
made by openlng their abdomen and revo]ving both kidneys,
one after another, ‘and rep]ac1ng them -in the abdomen, were
used as controls. Anlmals were considered to‘be uremic

(u) if they had persistant elevation of blood urea nitrogen

above 30 to 35 mg per cent The method used was that-of : (//‘T\\q

Fawcett et al, (320).
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2. Cdl]ectien_of Blood and

Tissue Sanples

One m] of blood was co]fetted from.a stab incision
at the ventral position of the base of the ta1] (317) at
fort -nightly 1ntervals The blood. was co]]ected into a
cap111ary tube for serum and 1n a hepar1n1zed caplllary
tube for plasma, for later preparat1on and ana1y51s

Three to four m111111ters of b]ood were sampled
in a heparin1zed tube from the per1orb1ta1 s1nus for am1no

ac1ds study (317).
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Term1na] blood samples of 8 to 10 ml were collected

: from the aorta of anesthet1zed rats by a hepar1n1zed syringe.

N The pectoral musc]e, liver, kldney and adlpose

tissue were. exc1sed from rats exsangu1nated under ether

»anesthesia for use in enzyme, q]ycogen, 1ipid and other

| studies . S I

w0 - 3. Diet Restrictions
'(See‘Apnendix F)
The restricted diet (RD) contro] animals were~
allowed only 23 g of food daily, th]S amount prov1ded a
daily food consumption equivalent to that of the uremic _
rats and represented approximate]y 70 to 80 percent of the

food 1ntake of healthy rats of the same age.
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4.  Maintenance
)
A]] rats were 51ng]y caged and ma1nta1ned in a

cghstant temperature env1ronment (22+2° C) with 12 hours of

arti?icia] 1ight_per_24 hours. Standard Teklad mouse-rat
diet (Tekladvlnc , winffelde Towa) ahd water were available
ad 1ib. The restrlcted d1et (RD) control anlmals were also

'allowed water ad ]1b

Rats were permanent]y 1dent1f1ed by ear punch1ng

B. Methods and Materials~
A11 ‘reagents and chemicals used were analytical or

biochemical grade.

. VRadiochemical Purity Assay (318,319) O
, Radiochemical perityéS??bfglucosef(U)-IQC and
g]ucose-]4c-1bhas cheched.by esingh ‘v .
‘(a) Paper chromatography in:
i n-bhtano].ethano].water (52: 33 45)
ii. ”n-hdtanoi‘pyridine'water (1'1'1)
iii..etﬂyl acetate:acetic ac1d water (9 2:2)
conta1n1ng two percent pheny]boronlc acid
| ~ (b) Thin layer chromatography in:
“i. “n-butanol:ethanol:H,0 " (50:32:18)
i iSopropahql:hioﬁ (160:40)
R (c) Autoradiochromatography.

Autoradlochromatographs were made by exposing

medical no- screen X- ray film (Picker Nuclear, white P]ains,
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N. Y. ) to the developed thin layer chromatographic plates of
4C -glucose for 14 days in the dark (see fig. 25). The radio?

chemicalvpurity of the ]4C—glucose‘was determined to be at

; least 98 percent pure, by Tiquid sc1ntillation counting of

o

radioactive spots on the thin layer chromatograms
2. Radioactivity Measurement

Radioactiv1ty measurements were made by liquid
iscintillation counting in an appropriate fluor Counting
eff1c1ency was determined by uSing an internal standard

(] C- Toluene, sp- cactivity 4.17 x 10° pm/ml New England

Nuclear, Boston, Mass.) u51ng a Picker Liguimat 220 (Picker

}Instruments) liquid sc1nt1llation spectmometer, (Picker
,_Nuclear, Nhite Plains, N.Y. ) Radioactine tissues were

afirst combusted to ]4C02 using a Packard Model 30!l!x1dfﬁgqﬁ

-k

(Packard Instruments Downers Grove, Illinois) Packa%g

PermafluorR andﬁw
' used Recovery test: ‘Jrgffrequently performed by burning

]4C (1.10 uCi/g) and ]4C toluene (act1v1ty

n- Hexadecane 1-
4,17 x l05 dpm/ml). This reference standard and the
tcounting efficiency correction were used to calculate
activity in dpm. | |
3. Biochemical Blood Analysis
(a) BUN
Princ1ple | ’
Plasma is incubated with buffered urease for

quantitative conversion of urea to ammonia Ammonia then {is
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.vqk,

Fig. 25. Auto- radlochromatography of 14

. A
C-olucose used
in the experiments.
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‘measured by a mod1f1cat1on of the Berthelot (321) react1on | R
in whlch a b]ue color is formed in the presence of sodlum

ph?kgte and hypoch]orlt The intensity of the Q]ue color
| rea&@pt 540 nm) is proport1ona1 to the ammon1a con-
'hcentrat1on ‘The adult normal range (fast 'ng) .for this
method is from 8 to 20 mg N/]OO ml plasma.

- (b) Serum g]utam1c oxa]oacet1c transam)n@se (SGOT)
was determined by the ESKALAB method (Smlth, K11ne and
Fren:h-Laborator1es, 440 Page M1]1 Rd , Palo Alto, .
Ca]1forn1a) u51ng ESKALAB SGOT tablets, d1sposab1e cuvette.
',assemb]1es -and the spectrophotometer A]pha at a wave
1ength of 34Q@nm (322). ' The stepw1se procedure spec1f1ed
by the ESKALAB (322) was used.

Pr1nc1p1e
SGOT acce1erates the - s1mw1taneous tranSformationsu N
of a= og]utar1c ac1d to glutam1c ac1d and aspartic acid to‘

- oxaloaceti ac1d by transfer of the a-amino group of the,

N

aspartate to the\?-ketoglutarate The rate of formation of
S proport1ona1 to the enzyme activit
gﬁgtic

oxaloacetic acid
:‘.present. "To quant1tate th1s f1rst react1on /the oxa]o
. ac1d formed 1is further converted to malic acid by the
.‘enzyme MDH. For each mo]e of oxaloacetic acid reduced by
MDH -an equimo]ar amount of NADH2 is oxidlzed to. NAD The
rate of NADH2 oxidation is directly related to t%e amount of,
SGOT in the sample The NADH2 oxidation is accompanied by a

'decrease in absorbance at’ 340 nm and the rate of absorbance
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change is proportiona] to SGOT activ1ty * The reaction_at ?

PH 7.5:0.1 at 37°C is .as fo]]ows | L <f§l

' £ e T

L—aspartate iﬁa-ketoglutarate —

’Lfglutaraie + oxafoacetate‘ ' L,

-

oxaloacetate + NADH + H' —Hgﬂa L- malateﬁj MD+

M

. ESKALAB. reagen& tablets contain a11 mat rials
"necessary for' the assay. of th1§/enzyme by the méiibd'of ' "]
Karmen (323) as mod1f1ed by Henry et al. (324). |

For a 10 uz serum sample, the initial and ffna]
absorbance'"A" shou]d a]ways be greater than 0.60 and 0.400,

«
respectively. The results were expressed 1n U (umoles/m1n/

«'y

litre of serum). HNormal va]ues for th1S'method,using

'ESKALAB_eontrol {norma])eserum was befneen 16 to 19‘IU at

'37°C in‘our ]ahoratory Usual norma] human is 9 to 40 IU
o '(c) Creatine Phosphokwnase (CPK)

-CPK was determ1ned in serum samples (10 uz) us1ng

~ the standard "ESKALAB" method and reagent tablets (322) and

spectrophotometer at 340 nm with a prelncubatlon time of ter

m1nutes and 1ncubat10n (at 37 C) time of five minutes

: Principle of Test o
| CPK acce]erates the transfer of phosphate from

'v,creatine phosphate to ADP, formingvcreatine and ATP.,

"

~w
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The ATP formed in the CPK mediated reaction is
used to produce G-6-P from glucose included in this reaction
‘Amixture~ This reaction 1s catalyzed by the enzyme HK- in-
corporated 1nto the reagent tab]et. As G- 6 P is formed ADP
1S generated keeping its concentration at a constant 1eve1
"The G-6-P iormed by the HK reaction is then oxidized by the.,:
.enzyme ;8-6- PDH ‘With s1mu1taneows reduction of NADP. the |

"redu

_'onwof NADP to NADPH2 1s fol]owed spectrophotometrically
N - /
by observ1ng the resultw ig lncrease in"absorbance at 340 nm.

P
- For’each mole of phosphate transferred by the CPK a moie of

NADPH2 is formed Thms, the rate of AA is directly - = i

proportional to the (OPK actlyity present in the samp]e

~ K

AMP isfﬁfu uded‘1n the reagent to inhibit o
.myokInase (325)pn/Tt- g1uta-hione, a sulfhydry] compound

acts as an enzyme stabilizer (326) - o e

'y S

' ESKﬁLAB reagent tab]ets for serum creatine

phosphokintse contaln all the materials necessary for assay

\
«

of" thIS enzyme by a modification of the method of Qiiver
-(325 325 327) '

-~

Dilution of serum because of high cPK activity

‘ should be used with caution as activity in some cases
: e
4changes at certai dilutions

" The as ay should be repeated if the initial ab- |
e
sorbance reading exceeds 0.7 A units and the difference




132

The normal range 1in serum in our ]aboratory éés

. between 76 to 115 IU. at 37°C.

(d) Alkaline Phosphatase
| A]ka11ne phosphatase was determined 1n p]asma _“ﬁb
(hepar1n1zed tubes were used to co]lect blood) -using the
ESKALAB reagent tablets and spectrophotometer A]pha (322)
at a temperature of 37 C -The sample size used was ]0 ue
wwth a pre1ncubat1on t1me of 5 minutes and an incubation
time of 10 m1nutes. Photometric analys1s was done at a
wave-length of 415 nm.
~ " Principle |
£y
In a basic imedium, phosphate mono esters are
hydro]yzed by alka11ne phosphatase to glve the correspond1nq
a]cohols and 1norgan1c phosphate. Us1ng p.nttrophenyl
phosphate as substrate, a]kal1ne‘phospnatase cata1y?es the
hydrolytic reaction and_.M'g++ activates it. The reaction
product; p—nitrophenof has a much'hfgher molar absorptivity
p (e) at 415 nm, than the substrate, 3-n1tropheny1 phosphate ik

The react1on is fol]owed by measur1ng the increase in

;absorbance at 415 nm:

_Alkaline -
ph05phatase Mg*W‘

»p-nitrophenyl phosphate + H20
L
p- nitrophenyl + phOSphoric acid
;‘t_.- The rate of hydrolysis, not the absolute product C;‘\\
1s of 1nterest ‘ Therefore,vtwo absorbancebreadings are '

‘made on each samp)e‘uith a designated 1ntervalubetweent
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readings. The activity of the alkaline phosphatase is
directiy re]ated to the change in absorbance per unit time.
---- ESKALAB reagent tablets contain al] the reagents necessary
for the determination of alkaline phosphatase with a modi—

fication of the originai method of Bessey t al. (328).

. ) (e) .Hematocrit (H t)
The vo]ume of erythrocytes expressed as a percent-

age or ratio of the vo]ume of whole blood was measured by

-
using microhematocrit capillary tibes, fi]ied“with blood to
“the b]aek line: The opp051te end of the tubes were p]ugged
with Seal- ease, (Clay Adams, ParSippany N J. ), and the o '/'i-'
tubes were centrifuged For ten minutes ‘at 7 500 rpm (329)
'Potential sources or error were:
i: improper mix1ng of blood (wm//
j°.- ii.‘ 1nadequate centrifugation as 9 °

[

¥

duration and speed .
o N ,'h_iii.-improper reading of the 1evei of Celis

“and p]asma/ahd inclusion of the buffy coat as ‘part of the

J

erythrocyte volume

Normal HCt !alues for rats are betweenu0:35 and
0.45. _
’ wi (f) Glucose,

o - : TN o

P]asma and urinary g]ucose concentrations were
measured using the method of ESKALAB and "ESKALAB“ reagent

tab]ets Determination of glucose was. made spectrophoto-

metrically at 340 nm by the use of the coup]ed enzyme -
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reaction of HK and G-E-PDH' a modifdcation of the ori_ nal
method of Barthe]ma1 and . Czok (330) - Ten micro]iters of the
p]asma and/or urine samp]e were used with. an 1ncubat1on t1me.
“of five m1nutes and d11uent vo]ume of 1. 5 m] pew tab]et at

rqom - temperature (tf the 1eVé1 was not ahtlelpated to be

"h1gher than 300 mg% if so then. 5 uz samp1es were used)

?‘g ' : A plasma blank in phys1o1og1ca] sa11ne was run.

for every samp]e. “

Prrnc1p1e

"D glucose 1s phosphory]ated by ATP 1n the presence

”mof HK, giving G 6 P and ADP ‘ The react1on 1s act1vated by
Mg++-1ons- The G-6- P 1s then ox1d1zed by the enzyme G 6 PDH
w1th concurrent reductlon of NADP y1e1d1ng 6 phosphog]uconlc

acid - and redaced NADP /yﬁé measurlng the amount of NADPHZ"
Tcrmed 1n th1s reactlon by observ1ng the resu]tlng 1ncrease

iy absorbance at 340 nm, the &mount of g]ucose phosphorylated

by, the HK is estlmated “ The reactlon be1ng rtoxch'tometrlc

aroceeds quant1tat1ve1y
-Gducose +-AT§ 4——;;4 G- 6 P+ ADP .

-"-G-'s-?#gNADP —9-5—~P—Dl> 6- phosphog]ucon‘lc acid + NADPH2

Norma] values 1n ESkALm% controﬂ serum us1ng Fv=¢£

aJL’n .

463 (See App&ndix D) w1th thlS method'were 72 to 92 mg/100

ml for our 1aboratory S B S SN
) . l(. . X P : o P
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Urinary glucose est1mat1ons were conducted in the
'ur1ne co]]ected over a period of 24, 48 and 72 hours, in rats
‘housed in a metabolic cage designed for co]lectIon of urine.
_A]] of these rats had exper1enced 18 to 19 weeks of uremia.

pH, g]ucose, and prote1n in the urine were checked using

FComb1st1x (Ames Co Rexda]e, Ontar1o), g]ucose was measured

using the ESKALAB method (330) and a pH meter was used for
'accurateipH determination’“ The total'volume of'urine'

. collected over 24 hours, 48 hours, and 72 hours was measured
~ for three groups of rats each hav1ng one each of SO, u, and

RD rats

4. In Vivo 0xidation of“J4C-Glucose

. Glucose metab011sm stud1es were conducted in the

.

four to six hour posthabsorpt1ve state D -glucose ( U- C

.. and -]-14C-]abe11ed }CN Corporat1on, Irv1ne, Californ1a)
waS»administered'bY» I. P injection of'aqueous solutions.
nThe radioactive glucose: was so d11uted with water as to

g1ve concentrat1ons of one or two uC1/0 1 m] of so]ution

-Immed1ate]y after 14

C- g]ucose adm1nistrat10n, the rats were
'p]aced in resp1ratory and metabol1c chambers (models CR
350 or CR 550) after condltioning ‘the anima]s 1n restrainers,
(BR350 or BRSSO) (see models from Nuclear Associates, Inc
Westbury, N.Y. ) |

The expired air was . passed through 3 ml of ethanol-

P

Aajamlne methyl ce]]uso]ve (1 2) m1xture to trap ]4C02.
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“N\

Fresh trapping soTUtions were phovided every 10

minutes for a period of 3.5 to 4 hours and then for 30
A T .

'ihhinUtegeriods over 24 hours. Complete trapp1ng of ]4C02

- was monltored by pass1ng the effluent gases through a trap

conta1n1ng ten ‘percent: sod1um hydrox1de The so]ut1on con-
taining the trapped ]4C02 was then d11uted by add1ng 15 ml
of methyl cel]uso]ve and toluene (1 2) conta1n1ng PPO (6 g/

11ter) A safety trap conta1n1ng sodium hydrox1de so]ution

was connected in series to the ethanolam1ne trap and a flow .-

_meter The meter was used to regulate the flow of air.

through the respiratory chamber.

5. Isolation and Structure
Determination of Glycogen
(a) Isolation
Isolﬁtion of glycogen from the liver was made
acconding to'the method of Bloom et al. }(331) The tiver

was cut 1nto small p1eces in the cold, and mixed with one

\gvolume of 10 percent TCA and 0. 5 g of washed sand per 8 9,
. and a- paste was made using a cold mortar- and pest]e The
, paste was centr1fuged for ten minutes at 2, 500 rpm  The

-pe]let was re-extracted w1th one volume of § percent TCA

al]owed to stand at 25 C for 5§ m1nutes and re- centr1fuged.,

at 2,500 rpm for. 10 m1nutes

i
%_4 Both supernatants were then comb1ned and the

g]ycogen was precipltated by add1ng two. vo]umes of 95 per-

,cent ethano] w1§% constant st1rr1ng The mixture was then

J’ ¥
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allowed to stand to flocculate the precipitate; if no

precipitation occurred, a p1nch of sodium ch1or1de was

~added, and the so]ut1on ‘was warmed ‘and m1xed gently until the

- of 'salt was required. - oo ' '

bthen ether It was dr1ed in vacuo unt11 constant weight was

'V“ o
‘ Bmd;scrabeguabovg ﬂ,These g]ycogen samp]es were used for the

precip1tate formed._ In mostvof the experiments no addition
The precipitate was collected by centrifugation for
5 mtnutes at 2 500‘rpm The supernatant was then decanted
and the prec1p1tate was d1sso]ved in 5 ml of water and
reprec1p1tated with two vo1umes of 95 per- cent .ethanol.
- The g]ycogen was 1so]ated by centrifugation or by

suction f11trat1on and washed sequential]y w1th ethano] and

reached.
| ' (b) Structure'Determinatidn

_ (See F1gure 30)
'Pooled g]ycogen obta1ned from elther five. SO rats
or three uremlc rats was d1ssolved in water and re-

precﬁp1tated w&%h two volumes of 95 percent ethanol as

“determ1nat1on of éﬁe structure and mo]ecu]ar weight “The

nephrectomy i ’ e

samp]es were obta1ned four. and one-half weeks after

Structural ana]ysis, by chemical end-greup assay,’

was made in terms” of"
BEPATEE e '&Q'ﬁ?}'% o -
I the number of moles of g]ucose residue

per g of g]ycogen by periodate oxidation and

137
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ii. _the number of non reduc1ng ends in g]ycogen,
:by periodate ox1datlon in presence of ethy]ene glycol |
| (233,234, 332 337) | 2 |

iii. the number of reduc1ng ends in g1ycogen,
using glucose as a standard and measur1ng colorimetrically
| the reduct1on of 3,5- d1n1trosa11cy1ate (338)
,,19., the number of segments per mo]e, -

number of glucose res1dues per segment, average number of

~branching points (1,6-bonds), and the»mo1ecu1ar weight.

1. ‘Determinationsof Glucose Residues
Per G of G]ycogen Principle

'Pr1nc1p1e The number. of moles of perlodate (IO4 ) = the
number of moles of glucose res1due since one mo]e'Of,IO45
dttdcks one g]ucose residue on]y The perlodate consumpt1on
by g]ycogen solut1on (0 5 to 0.6%) is determ1ned after
‘t1trat1on with N/]O th1osulfate fo]]owed by correct1on for
~ the blank. Four mo]es of thiosulfate reacts with two moles
of 12 generated by two moles of IO4 +'IO3‘v(one’m01e 104'
o= fwo mo]es Na25203) »‘}v ‘;"' . : 7 ‘;- "
Periodate Oxidation

Two samples conta1n1ng glycogen solutlon (0 5 to
O 6%) and 0. 2 volumes: of 0.5 M ﬁ§504 were 1ncubated 1n
tr1pl1cate for each of the uremic and contro] samples,
respective]y for two hours, an. for seven’ days at room
tempgrature in the dark. At the end of the perlods, two
m] aliquots were withdrawn from ‘the respective samples, as '

i
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well as from reagent blank which had been treated similarly
but conta1ned water in place of glycogen so]ut1on To each
ofmthese two m] a]1quots were added 5 m]d]N H2504 and 5 ml
20% KI. The iodine liberated was titrated with 0.1 N
| Na25203 using starch 1nd1cator Corrections were made for
the reagent bizank. i |
‘Mechanism - - o SR
Perlodate ox1dat1on of - carbohydrate follows a

spec1f1c and sto1ch1ometr1c course, Per1odate se]ect1ve1y
cleaves a molecu]e between adJacent carbon atoms which have
any comblnatlon of free hydroxyls, a]dehydes, ketones or

. pr1mary‘am1ne groups. Each ox1dat1on is accompanied by a
reduction of one IO (periodate) to IO (1odate) Free
hydroxyls are oxidized to aldehydes but if c]eavage occurs
on both sides of the carbon atom, then one form1c acid 1s

. produced. If however, the per1odate reactive group of

- either of two adJacent carbon atoms are tied ‘up in another
bond, as in-a glycos1de, no ox1dat1on or cleavage occurs

at that part1cu1ar carbon-carbon bond The number of mo]es
of perlodate consumed per g of 2 samp]e is~ determined by

convers1on (1n ac1d w1th an excess of iodide) of both the

unreacted 104 and IO3 formed by the conversion to Iz.

_ +
8 H* + IO4 + 7]-. —ﬂ+9 ¢12 (4H20 (B]ank)

%/_gﬁu, o . o
6 H ~¥ I 3 f-ﬂﬂ —ﬂ—+ 3I§§§ 3H 0 (Sample) o

'!, oY N

"&9‘ " vz_"‘.‘v.‘.r
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IO4

‘(reduced) with ac1d1c iodine and the difference in t1trat1on'

and 103' give different amounts of I, when quenched

value between the sample and a water blank is a measure of"
IO " which has been reduced to 103' and hence number'ofv |
-carbon-carbon bonds cleaved. _

The 12 formed is -determined by ggtration with

th1osu1fate 'using starch—lodlne comp]ex as the indicator.

T, 42 Na,$,0, ——>A 2 Nal + NapS,0¢ (tetrathionate)
i Deterhiﬁation of the Number of
o Non-Reducing-Ends Principle

The g]ucose residues at the non- -reducing ends
have three 1nstead of tWo free éiffnal hydroxyls nhnch
leads to the product1on of form1c acid upon per1odate
oxidation. ~Because of th1s branched fan-1ike structure of
the g]ycogen, only the term1na1 reduf1ng end and all of the

non- reduc1ng ends yield form1c acid on per1odate ox1dat1on,

‘but the amount of form1c acid formed from the s1ngle re-

‘ Ny duc1ng end is insignificant compared to that found from the

many terminal non- reduc1ng sugar residues.
In absence of ethy]ene glycol per1odate thus ﬁ%@
.attacks both non- reduc1ng and terminal reducing g]ucose |
residues giving formic acid and d1a1dehydes, but in the
presence of ethy]ene glycol, c]eavage occuns on]y at non-
Areducing ends. Ethylene glyco] a]so destroys excess ) .v ' | &1

eriodate. ,
.P r €. v
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The number of non-reduc1ng ends may be measured
’by t1trat1on of the form1chaa4d produced with d11uted a]ka11
and the humber of molecules of formlc acid formed would be -
approximately equa] to the number of non reduc1ng ends of

g]ycogen |
»— Procedure

Td 10 mil perjodate reaetion mf;ture uas added

'0.25 m1 ethylene g]yco].. The solut1on was mixed well and

allowed to stand at 25° C for 10 minutes. The form1c ac1d ;g

‘11berated was titrated: ‘with 0. 05 N sodium hydrox1dp, using

a pheno]phtha]e1n 1nd1cator A correction for blank (u51

i,

water in place of glycogen solution) was made.

q
#
4
L
B

1ii. Determination of Reducing Ends =
_ Principle |
: | The reduc1ng end has an aldo group which can
reduce an. ox1d1z1ng agent 3,5-dinitro sa]icyclic acid
monosod1um salt (Eastman Kodak Co., Rochester, N.Y., U.S;AJ)'
and can be measured by means of thls reduction. Each |
N reduc1ng end sh0u1d have the same reduc1ng power as one
‘molecule of glucose.
| Procedure | _
| Lge number of reduc1ng ends were determined by
using glucose (1 mg/ml) as a standard and measuring
co]or1metr1ca]]y: the reduction of 1.5 percent, 3. 5 -

d1n1trosa11cyc11c acid monosodium salt in distilled water,

RRET
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A series .of standard g]ucose solutlods conta1n1ng

‘50,‘100, 200, 300, and 450 micrograms of g]ucose were used
to prepare the standard g]ucose curve - The unknown glycogen
fso]ut1ons for uremic and control (50 mg/ml) samplies were
taken, each in dupl1cate, (O 5 m] for uremic and 1.0 ml for
the control) A reagent b]ank was prepared using-1.0 m]
water and all the tubes were adJusted to the same volume
»dof 1.0 ml as the reagent blank with addition of water. Then
0.5 ml of 1.5 per cent 3 5-dinftro saiicyclic acid monc
~sodium sa]t was added to each of the ten tubes, wh1ch were'
then heated for & m1nutes 1n a bo1]1hg wager bath. The
.samples were removed and cooled in cold water and the
contents of each tube was d11uted»to ]0 ml with distilled .
water.‘ Opt1ca1 dens1ty of the’ standard and the samp]es,
at 540 nm us1ng Beckman DU Spectrophotometer (Beckman
Instruments,_Inc R Fu]]erton, Ca11forn1a), was read aga1nst
. the reagent b]an%
| Data was plotted to obtaln a graph of OD as a

. 3 )
funct1on of ug of glucose (see fig. 26) Fr m the curve the

=,

o}
hnumber of reduc1ng ends in terms of g]ucose 1n;the g]ycogen

r

were interpolated.

6. Auto]ysis of Glycogen' o :
Autolysis of glycogen obtained from U, SO and o

RD rats 'was carrled out by expos1ng excised ]1ver at room

\. E
-

' temperature for 30 minutes and one-and one- ha1f hours,'

respective]y At the end of each perlod g]ycogen 1so]at1on
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ll"

ahd quantitation were made and'compared with those obtained

fhomithedidentica] liveh'samples maintained, respecfively at

<’_ 7. Assay of Glycogen Cycle ” .

Enzymes. in Musc]e and Liver

(a) Amy]o 1,6- g]ucos1dase

Determ1nat1on of amylo-] 6 g]uc051dase Was made

<

using the method of He - (339). Both llveryand muse]e
homogenenates of U, Z id RD rats were used.
| ‘Principle 7

»This method is.based;oh the’obServatien‘of Larner
and séhlise1fe1d (340)/that the hydrolysis of the Timit
dextr1h is revers1ble to a slight extent

| The unit of act1v1ty is defined as the amount of
enzyme 1ncorporat1ng 0. 1 per cent of the counts added as
glucose in one hour. :The_1ncubat1on is carrjed'out at 37°C
for one hour. | | ﬁ

Tissue'homogenate

"6+ G(n) — —> G(n+l) * H,
(Amylo-1 ,6- g]ucos1dase) g

0
‘ *G.= ]4nglucose
_Composition of the Substrate So]ufion

‘.-G]ycogen S 'h, 3. ]2 mg . )
(6, - | |
Mc-glucose -+ 0.60 i (1.33 x 108 dpm)

_Sdrenseh potassiuq-] ‘
Phosphate buffer . °
(pH 7.4) % glgab'm17
Totalvvo]hme'fﬁd, - 2.40 ml



-

The assay procedure,‘inhibition of the reaction,

and isolation of glycogen, #ere according\to the method of -
' .

C
Hers (339) The isolated glycogen Was dissolved in 0.5 ml

)
water and then c0mbusted u51ng the Packard sample ox1dizer
and counted‘by llQUld sc1nt1llation counter //lhe enzyme
activ1ty 1é expressed as total‘act1v1ty in umole glucose/g

o'

tissue/hour and also in Hers units (1 % 1 percent of
]4C glucose added per ¢ tissue per. minut%)
. (b) Glycogen Synthetase “Iﬂ and "D“
e The asurefient of glycogen synthet;se\and a-
! g;u:;n\phosphor%ldse (UDP glucose glycogen a- 4 glucosyl
tra sfer €2.4.1M and a-1 4 glucan orthophosphate
glucosyltransferase, EC 2. 4 1. l) activ1ty in muscle and
Tiver’ tissues of U SO, and RD rats were carried out at
37 C u51ng the method of Russell et al (34l)
Principle |
Glycogen synthetase occurs ‘n two forms, "I" i
active in the absence of G-6- P, and "p". only active in the
‘presence of G 6-P. Glycogen is directly synthetized from
UDPG and the reaction is catalyzed by glycogen synthetase
In addition, the "branching factor" [a- 1,4- glucan
- a- l y4- glucanGaglycosyltnansfenase (EC 2.4.1. 18)] is S
‘ required to effect branching/of the 1inear chains formed by

synthetase activity as synthetase is not effective in

: adding branching to long,_linear:glucose polymer cha‘inst

145
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> In the approoriate bu?feetand assay medium

14

UDPG-glucose-'"C 1s used as . substrate for reaction’ w1th the

tissue homogenate " The rate of 1ncorporat10n of labelled
glucose 1nto primer glycogen is measured.

"Tissue homogenate
n Synthetase andg "D"

s UDPG* + G *G (n+1) + UDP

PEs

Gn = glycogen primer

Comp051t10n of the substrate Solut1on 4 >,:v'
\

&

" I " . - ‘ i S ‘ ' . " Du | ‘Rél R . \, ' " o

7glyoogeﬂ , 'P o _glycogenfgfiﬁ/. , 5
(0.045'7g)" : ' (0.075 9) e RO
vope-14¢ vope-c o ' tw‘°f§
(1.50 m1) (=3.33 x 10° dpnm) (2.50 m1) (5.55 * 10 de?

Trls/buffer G-6- P (25 7 mg)

".‘(pH'B’Z) (0.75 m1) . ..‘ Tris buffer T ﬁ;inqefltiwb

(pH 8.2) " (1.25 ml)

Total Volume = 2.25 ml- Total Volime = '3.75 m1

A o
. . ¢ . EAal

‘ ’

. . o . [N

"3
B L R
e

The tissu= homogenate was prepag@d -as per the‘
- . ' ‘L& s Iy B
procedure of Russell, (3). B =

For the assay, 0 1 ml of substrate was equ:lxbratéd L
i o

hY

"at 37°C for lS'mihutes and,to thlslwasjad

;d 0 l ml tissue

homogenate previously equilibrated for. lS

'The reaction was allowed tp proceed for 15
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v?(r

The 1so]at1on of g1ycogen fo]]owed the procedure

',.“o%Russell et 1. (341), us1ng ethanol prec1p1tat1on
oQVA Mea5urement‘of RadioactiVity

The mso]ated g]ycogen was dlsso]ved in Q.5 ml
water and burned in the sample ox1d17er (Packard Ox1d1zer
Model 306) For combust1on the samp1e was placed into

T.M.

Combusto cones w1th or w1thout Com usta1dT M. (Packard

Instrpment_Co.,»Inc D Downer Grove, Il]1no1s, U.S.A.).

(c) a-Glucan Phosphory]ase 'M : N

- _ ) a" and “b"

’ Principle | 2 ‘ |
“ Depo]ymer1zat1on ofﬁglycogen is cata]yzed by a-

B g]ucan phosphory]ase (a 1,4- g]ucan orthophosphate glucosyl-

-transferase, EC 2411) Th1s enzyme operates readily in !

.the reverse d1rect1on, on]y if suff1c1ent G-1-pP 15 present
’to y1e1d g]ycogen Ih15~enzyme has two forms; "a which

acts 1ndependent1y f 5 -AMP -and "b" wh1ch is 5 AMP
dependent (342). J_ IR

, b

G-TAP]4C is used)as a substraue in an appropr1ate

med1um for react1on w1th t1ssue homogenate, and the rate of )

.

' ‘1ncorporat10n of labe]]ed g]ucose into primer g]ycogen is

measured

> *G(n+1) + Py
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.' ’ i
The react1on was a]]owed to proceed for 5 m1nutes
at 37°C. Methods of preparatlon of tissue homogenate,
~assay and isolation of glycogen, combustion‘and the measﬁre-
ments of radioactivity were. the same as those descr1bed
prev1ously for synthetang |
.(d) Reagents and Chem1cals Used -
| For G]ycogen Cycle Enzyme
Assayé
i, 'AMP-sodium (Sigma Chemitai Co.)

v

| . a-D-glucose-! C(U) 1-P disodium salt
(50.0 uC1, 0. 077 mg; specific activity 2]8 mC1/mM and 0. 05
mC1/2 5 m]) (New England Nuc]ear, Boston, Mass. ).
ii. Uridine d1phosphate glucose-]4C
specific act1v1ty 228 mC1/mM 10 uC]/m],v(Schwarz/Manh,
Orangeburg,vN.Y.) ' S  ' “?u _
o iV. ]4C g]ucose, specific activity 240 mCi/
) mM 100 uCi/mi (Schwarz/Mann, Orangeburg. N Y. )
| _ ,,-Y' ~ Sodium’ g]ycerophosphate (Merck and Co.
Ltd., Montreal). T SRR
o rvi. EDTA (Ethylenedlam1ne tetra acetic actd)
'“\(BDH Chem1ca1 Ltd., Poole, England). _
’ Q.vii. NaF (sodium fluoride) (BDHEChemical Ltd A
Poole, Ehglahd)} B | | , o .
) | viit.,Mercaptoéthanol (Eastman»Kodak Co., Ltd.,
‘Rochester, N.Y.). 1 Gk o L
| | | .ix;, Glycogen (Fischer Scientific Co
tPittsburgb Pa. ), a]so isolated by us -in our la““?txory.



X. Potass1um dlhydrogen phosphate (KHZPO4)

(F1scher Sc1ent1f1c Co., Fairlawn, J.N. ).

xi. Sod1um monohydrogen phosphate (Na HPO4
2H,0) (Ffscher Scientific Co., Fair Lawn, N.J.).

ny

8. Assay of Glucbse—G}Phosphate=
Dehydrdgenase'in‘Liver
G]ucose 6- phosphate dehydrogenase (G-6- PDH) wash
assayed in 20 000 X g liver supernatant by’ us1ng the step-
»:fw1se procedure spec1f1ed by ESKALAB (322). The react1on
‘was carried out using ESKALAB reagent tablets and spectro—
photometer A]pha w1th a pre1ncubat1on time of 2 m1nutes and
“an 1ncubatlon time of 5 m1nutes at 37°C. Photometrlc
" readings were takenvat a wavelength of 340 nm. Ten WL
samples were used.' . -
Pr1nc1p1e‘ o
G-6- PDH accelerates ‘the ox1dat1on of G-6- P ]The
react1on can be fol]owed by observing. the increase in h’

absorbance at, 340 -Am caused by the formatlon of NADPH2

'Th1s procedure will measure the comblned act1v1ty of. G 6- PDH

“7 and 6- phosphoglucon1c dehydrogenase, if any, present in

Tiver hompgenate, and the comb1ned act1v1ty will be pro-‘

' portiona] to the G-6- PDH act1v1ty The ESKALAB method was

used assuming the 20,000 x g supernatant of 11ver homogenate
to be equ1valent to b1o]og1ca1 fluld . So far this method

. . T e ,
__~has‘heen used only for speckmens ]jke blood‘and erythrocyte

‘f,hemo]ysate.
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~G-6¥P + NADP _§_§_32ﬂ4 6~ phosphog]ucono]actone + NADPH2

Composition of ESKALAB Reagent Tablets

ESKALAB reagent tab]ets'contain.all'materialsg'

- necessary for the assay of this enzyme by'a'modification of

i

the method of Zinkham, et a_. (343).

The enzyme act1v1ty was- expressed in IU/g- }R];

minute at 37 C.

Preparation of Liver Homogenate
-

‘,# ’ Liver tissue was homogenized in Tris'bUffer
(pH 7 5) (2.5: 1 w/v), in a Potter E]vehJem a]] glass

homogen1zer

—The. homogenized t1ssue was centr1fuged at 20 000,
X g for. 30 minutes using Sorvall centrifuge (Ivan Sorvall

~ Inc., Norwa]k ‘Conn.) at 0 to 4° C

" The clear 20, 000 X' g supernatant wa{ 51phoned off
by Pasteur p1pette and 10 Jlambda of clear supernatant was

used for assay oer 6-PDH.

L

) The Tris buffer used Wwas. prepared with 500 ml- of
0. 2 M Tris and 400 ml. of 0.2 N HC1 (344)

9. In VivovConversion of ]4C-Glucose

into Glycogen, Lipids -and Proteins

14,

Conversion of C glucose (U) (Radiochemical

1Centre, Amersham, Great Britaln, specific activity 250 mCi/
mM ; 1 mC1/m1) to fat and proteinfwas measured ]2 hours after

ip 1ngect1on of the isotope durdng which t1me food and water'
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was provided. Tissues were collected after the rats were
exsangulnated under ether anesthesla -

Distribution of Total Lipid in Muscle,

Liver, and Adipose Tissues : | _ -

e .

- Total l1p1d from. muscle ‘and liver was extracted
by using the method of Bligh and Dye et al. (346); 1t_was
measured gravimetrically ' | '

Procedure

-

Muscle: 5 g muscle was homogenized for 2 minutes.

with a mixture of 5 ml chloroform and 10 ml methanol To
the mixture was then added 5 ml chloroform, and after h
homogenizing for ‘30 seconds, 5 ml distilled water, - o o
blending was continued for another 30 seconds. The homogenate_
'was filtered through Hhatman No 1 filter paper on a Coors - |
'3 Buchner funnel with sllght suction The residue tlssue
was re-extracted along with the filter paper, with'S ml
;chloroform. and the mixture was filtered through. the original
Blichner funnel. The homogenjzer Jar_and resldue were rinsed
with a total volume.of 2.5 ml chloroform : Beh filtrates
were combined and the alcoholic layer was removed by aspiration
'after noting the volume of the chloroform layer which conta1ns
the pur1f1ed lipid. Al or an al1quot of the chloroform ' ~C>
‘layer was evaporated in a tared flask to constant dryness :
under. n1trogen (at 40° water bath) and the lipid was
estimated gravimetrically after drying the residue over

':phosphor1c anhydride in a vacuum desslcator For radio-
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act1v1ty determinations, an aliquot of the chloroform 1ayer
or a weighed ied 11p1d sampie was combustedvin the
.ox1dizer, the sample radioactivity was then counted by LSC
as described elsewhere.

Liverjtipid: ‘The same prqcedure'asmdescribed
above was used for total 1iver lipid determination and
.estimation of rad10act1v1ty in the liver 11p1d

Adipose Tissue Lipid Extraction
| Adipose tissue'was extracted bj'grinddnd’it in an
isopropanoi-heptane mixture. -The extract wasiwashed»asv

recommended (345). : . s . -
: | | )

Procedure -

5 g adipose was. homogenized with 5 volume of the
neutral extraction mixture (2% water -no ac1d 78% isopropano]‘
and 20% heptane). ~The mixture was a]]owed to settle ‘and the'
upper phase was separated

The 1ower phase was washed five\times w1th blank
upper phase to remove neutrai fat The washings were
combined with the samp]e upper phase and the total vo]ume
was recorded An a]iquot,or the tota] volume was then .
dried in a tared vesse] under nitrogen at 40°,, and the '
residue was dried, over phosphoric anhydride in a/vacuum
_de551cator to constant weight The amount of lipid was
Qa?then determined grav1metr1ca1]y ‘
| ~ An a11qu0t7of the extract or the weighed amount

sof dried lipid was then combusted in the oxidizer and

counted by LSC for the determination of radioactivity



Plasma Free Fatty Acids Estimation:
| - Extraction of plasma long cha1n non-esterified ?
fatty ac1ds by the s1ng]e extraction method of Dole et al.
(345) was made by adding plasma to 5 vo]umes of the
?extraction'mixture: 2% water (1 N H2504 -.0.1 volume),
78% isopropanol (4 vo]ume),_ZO% heptane (1 volume).
o " The pH = 2.5 6f the lower phase thus obtained
would facilitate a.maximalAamount of fatty acid distribution
to the solvent (upper phase) and eliminate triglycerides,
cho1estero1 and cholestero] esters from the upper phase.
Twenty m] of the extract1on mixture. was added to

' 4 ml of fresh p]asma This was shaken, a1lowed to stand .at

room temperature for'= 5 m1nutes, unt11 two phases are

"clearlyvseparated.' The upper phase was s1phoned off care-.

o fully without disturbing the lower phase, ané/was dr1ed over

nitrogen at 40° on-a water bath. . RadioactiyityAwas
determined e1ther by combust1ng the we1ghed dr1ed material
tgor LSC of a measured aliquot of the so]vent obta1ned by
‘s1ph0n1ng The amount of fatty ac1d per 100 ml plasma was

. "'.'~C’ Ve
‘ measugad grav1metr1ca11y and expreéssed as g per 100 ml

'%%)B]oom et al. (331) described elsewhere. An

combusted an¢ &ubsequent1y counted in the LSC for the

determination of radioactivity.
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dver glycogen was. determined gravimetricalTy'usingv



i oo

Liver glycoprotein was determined in defated
liver tissue,by precipitating glycogen”by TCA (as per
Bloom et al.) and recovering the TCA precipitate after
separation of the supernatant containing glycogen :;The
TCA prec1p1tate was then estimated and expressed as g% of
tissue. This was used for the determination of nitrogen:ﬁ
constant (u51ng the Coleman Nitrogen Analyzer) which wasl
subsequently converted 1nto protein (1 . glycoprotein by
multiplication by 6.25)

'Isolation.of Plasma Protein.and Non—Protein Fractions
| Plasma was precipitated with 2 volumes of 10%
TCA. The TCA preCipitate (proteins) and the supernatant
(non- proteins) were separated and the nitrogen content in
each case was determined by u51ng Coleman nitrogen -
~analyzer (Coleman Instrument Corp., Haywood, U.S.A.). The

>

N content Was converted to the corresponding protein:

content by multiplying by 6.25. Thus, the protein and\non-

protein content’ in the plasma were obtained.
' "For the determ%nation of radioactivity, an
aliquot of the TCA:precipitate and the TCA supernatant,
respectively ‘were combusted and- counted, subsequently by
LSC, using the method described elsewhere (347) o

| Radioactivity measurements were made by liquid
sc1ntillation counting in an appropriate fluor, after the

14

*tissues had been combusted to COZ'

&
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'10. Determination of‘Plasma Amino Acids

5 “'» Plasma free amino acids in uremlc, sham operated

"and restr1ct%d diet control rats were qual1tat1ve1y and

: quant1tat§ﬂegy determined using JEOL JLC-5AH am1no acid.

‘analyser (with 1ntegraterg {Model  JLC- -5AH,. Jeol Co ; U S.A.

'Incorporated, Cranford, N.J. » U.S.A.). Analyses were per-

l
PR

«“:formed under the ‘supervision of Dr. L.P. Milligan,

Departmentrof An1ma] Sclences University of Alberta. .
Basic, acidic and neutral physiological standards

of amino acids (Pierce Chem1ca1s,_R0ckf0rd I]]1no1s, u.s. A )
were used in these ana]ys1s Each samp]e ana]yzed was the
pooled plasma of elght rats. B]ood samples were taken everyv
: two weeks.

‘ ' The internal standards (IS), amino guan1d1no
propion1c acid (AGPA) for the basic co]umn (short co]umn)
ﬂand norleECIne for the acidic and neutral co]umn (long
.column) (both resin columns), were used A stock of 0. 4
umole/ml of IS with a flnal concentratlon (after mixing
w1th plasma) of. 0 1 umole/ml was used in all samples. '_ e
Plasma samp]es were prepared'u51ng the method of Thomas |
et al (348). So]id su1fosa]1cyc11c acid (SSA) (30 mg per
m]lplasma) was used for deproteinlzat1pn Comb1st1xT -M.
. Was used to test for comp]eteness of proteln remova]
Interna] standard was added to the prote1n free p1asma, and
the pH was adjusted to 2 5, if necessary, using l1th1um‘

hydroxide (Fischer Scientmfic_Co.,"Pittsburgh, Pa.).
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oy

" The quantitatiVe results were obtained by use of
the interna] integraten.énd were expressed in micromnles/

B 100 m1 plasma (as shown in Appendix E, page 337).

é? Qua]1tat1ve ana]yses were obta1ned by. compar1sons to’

‘uzseparat1ons of known mixtures (see Appendix E) A typ1ca1

am1n0 ac1d chfomatogram of the uremic plasma is presented

in F1g 31.



B,

0 CHAPTER IV

RESULTS

!

To de]]neate the effect of sub tota] nephrectomy
alone from the effect of starvation (the latter be1ng a’ v' /¥
‘secondary effect of urem1a), the‘resu1ts have been expressed
in  terms - of the effect of sub-total hephrectomy and_the -
effect of diet restrictiqn. The results are pre?ented‘in

the following categories to facilitate discussion.

A, The Effect on BUN, 50T, Serum CPK and
'AIka]inevPhosphatase Activities, ' :
“Hematocrit and'P]asma G]ucose'4

fl.' BUN -

The effect of sub- total nephrectomy. on the ‘BUN .
has been reported in TabTe I. The results_are grouped under
two subclasses, one 1n which the nephrectomlzed rats T1ved
throughout the 19 week period, and the other in wh1ch many
“aqrmals expired before the study was complete, the second
group: also’ 1nc1udes ‘those an1ma]s in the f1rst group The
BUN in sham operated rats (SO) also have been reported |
The "BUN ranges from 54+3 to 7946 mg% in survivors, and

. from 62+69 mg% to 124:60 mg% in all exper1menta1 ani

':for the 3 to 19 week post nephrectomy per1od
v Table II_reports-the»effect of restricted diet

“on BUN, as compared to SO rats. The ranges were 13:2 to

. .ysg
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, O
+ 3220 mg% in RD and 15+1 to 2318 mg% in SO . during the

.3 to 17 week per1od

). $60T .- | ‘; ,
The effect of sub total nephrectomy and restr1cted
d1et on SGOT activity has been shown in Table III, vis-a-
vis 50 values. | ‘ | A '

‘ The normal values range from ]6+2 -to 26+8 Iu' In
1nephrectom1zed and restr1cted diet rats the values ranged

v‘from 7+1 to 1]+2 IU, and from 1041 to 15+5 1U, respective]y.

<«

3. Serum CPK
~ Serum CPK activity is reported 1n Table Iv,
show1ng the effects of uremla (U), and restricted diet (RD)
vis-a-vis: sham operated (S0) values " The norma] range of |
. serum CPK activity in SO rats is from 90+73 to 312+192 IU
~while. the act1v1t1es in urem1c and restricted diet rats

vrange from 28+22 to 109+65 U andf?om 106+26 to 17]+]48 IU
'-respect1ve1y — e e
';,‘ 4. P]asma A]kal1ne Phosphatase Activity
. - Table V. reports the act1v1t1es of plasma a]kallne
phosphatase in U RD and SO rats ' The ‘levels in SO rats»f*:
‘.runs from 1147 to 22+7 IU - The levels in uremic and
"restrlcted d1et rats range from [RE: 3 to 2]+4 Tu and 10+2

/

,to ]9+1 IU. respectively

V

e
s
£,
8



5. Hematocrlt

The hematocr1t rat1o in uremic, restracted d1et
and sham operated rats has been presented in Tab]e VI.
;Normally in SO rats, the hematocr1t ranges from O 59+0.01
to 0.66+0. 03 w1th cons1stency In contrast both
"nephrectom1zed and restr1cted d1et rats showed random1zed
;fluctuat1onvrang1ng w1de1y from 0 44:0.04 to 0. 61+0 04 and
0.56:0.01 to 0. 71+0 O3y respect1ve1y

6, - Plasma Glucose | . .
Tabie VII presents the resu1ts ofxplasma glucose

»]evels in nephrectom1zed rats ~and in restr}cted d et rats
In all cases, 4 to 6 ‘hour- post absorptlve p]asma values

v are.- reported The va]ues 1n SO rats run from~66+4 to
l'[:]l3+23 mg% In contrast the ranges shown by nephrectomIZed\\\\;-e

and restrncted dlet rats are from 45+16 £0- 81+10 mg% and
. ,/ ‘
4]+15 to 93+19 mg% respect1ve1y T a ~

[ .
< L

\

CB. 0l

3
< .
-y
<
o

Oxidation of ]4C—G1uco5e

14

lf.‘

:'in vivo oxidationbof . C g]ucose by nephrectom1zed

2 s

and shd% opera d*rats 1s presented in Tab]eVIII The con-
| version of both un1form1y 1abe11ed»and C- 1-]4C labelled
gIUCose’by both of . these two_spec1es is a]so reported The'.
tine‘after 1n3ect10n for the\\bximum rate (TM 1n m1n ) of .
iconversion of ]abe11ed glucose to ]4C02, was found to be -
.‘higher in the major1ty of the control groups thqp’nn the - @3_'

nephrectomlzed group -The dotal converston of,]4c-g1ucoseﬁ
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to 14C02 up to TMjin SO and nephrectomized rats was'0.5t3.3b
and 2.9 to-8.1 percent of. the ‘dose, respectively. The
post nephrectomy period,was 3 to 6.5 weeks. |
C. The Structure of Glycogen

4
analysis of hepatic glycogen obtained from sham operated -

Table.IX presents the results of the structural

controls“as well as'nephrectomized rats at the end of the
4.5 week post operative periodt The average number of . '
glucose residues per segment'in‘nephrectgmized‘ratswwas ?
reduced-totleSS than half‘(44%)‘the normal value wheregas;v ﬂfi
'the number of segments per mole ‘in nephreCtomi:ed;ratslwaS
1ncreased by 68% of’ that of the normal.'zThe number of non- -
reduc1ng ends in nephrectomized rats increas&y by'67% |

giv1ng a 70% 1ncrease in the average number of branching
‘points (i, eﬂ-l,6-bonds) 1n nephrectomized rat glycogen

when compared to SO values |

| The EM'of U, SO, and RD l1ver are presented iﬂ
figures 27 to 29, respectively Figure 30 shows the s‘tés

T
of reduc1ng and non- reduc1ng ends in a schematic erWlnj of

a glycogen moleca+en——*=s

c'D.“ Urinary Glucose Levels

/

"Table X- presents the data imkterms “of totat
'urine volume and pH; urinary glucose. levels determined
hboth quantitatively and qualitatively; and urinarv protein.‘
~qualitativeiy.vforlthree consecutive_24 hour periods. 19
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b A " s ' !
_Fig. 27. Electron micrdscopy of uremic rat liver.
3 : . - ’ :
. R _'r " .
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28..‘Electron’microséopy
.’ .

of Shah‘opgh

~

ate

’
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Fig: 29.  Electron microscop
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Fig. .30. Schemat1c draw1ng of a g]ycogen molecu]e
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Fig. 31.

“

.Amiﬁo acid chromatogfaphic profile of

plasma.
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weeks post operatively in U, RD, and SO rats. The uremic
rat urine Tevel o; g]ucose ranged from 3:1 to 24+3 mg%.

In contrast the correspond1ng range of urinary glucose
concentrat1ons in ‘RD and SO were 15x1 to 141+25 mg% and
262 to 103t]7vmg%, respect1ve1y. The increase in the
total urine volume was marked in uremic rats, although all

(
species showed the sam H, 9.0. ' “

E. Effect of .Physical Porms of ‘Food on Parameters

Table XI preser he effect of powder and pellet
“forms of diet on activities of SGOT and alkaline phosphatase,
and-on,plasma glucose and BUN levels in uremic and sham
operated rats.‘ | |

The uremic SGOT ranged from-5+2 to 8+2 IU upon
‘powder d1et feeding Th]S is comparaﬁge to the SGOT range
~of 4+x1 to- 8+2 IU upon pellet feed1ng %The correspond1ng
SGOT ranges for powder feed1ng and pe]fet feeding in SO -
contro] rats were 132 to 20+3 IU and 12+2 to 20:2 1U, 3

respect1ve1y ‘ ' ‘ '{ﬁ&t |
’ f The alkaline phosphatase rangevfoﬁruremic rats o
on a powder diet was 7:3 to 15:4 1U; for feed?hg on pe]]ets
it was 7+3 to 9+2 IU. In contrast the SO control alka]ine
phosphatase range for powder diet was 13+4 to 16*3 fU; and

J/"‘
~ &

for pe11ets, 9;3 to 1543 Iy.i P}asma,g1ucose levels .for "“ywuy

powoerﬁand pellet.diet in oremjatwere 72+18 to.97¢13 IU
’and'70+4 to 95:9 IU, respectively; In contrast the contro1
) plasma g]ucose levels . for powder and pellets were 93+7 to.

" 101:7 10 and 936 to 11427 1U, respectively. . a4

=™
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"BUN values for powder and pellet fed uremic rats

Qere 62222 to 78:24 mg% and 6320 to 11582 mg%, respective1y.

F. The Effect of Uremia and Restricted Diet

. . . }
~on Liver Glycogen

) Table XII repnrts the uremic liver g1ytegen
.gontent and the eorresponding valuesvfor BUN, SGOT, serum
CPK, plasma alkaline phosphatase ane'g]ucose over bdét
.operat1ve periods of 5,9, 15, 19 and 1 tb 19 weeks The
range for BUN in uremic rats ran from 68:18 to 141:30 mg%;
the-glycoben ranged from 5.313.1 to 5 9+0 2 g% The
corresponding‘control vé]Ues tOr BUN were 162 to 22+6 %
and for»g]ycogen nerev2;710.6>to 5J1+1 7 g%. The rang!wgfor .
' SGOT, serum CPK, plasma a1ke]inetphosphatase and g]ucoie o
level in uremia were 5:2 to 81 IU, 9+1 to 111 1U, 621 to
14+3 IU, and 76+12 to 90:23 mg%, respect1ve1y The "Q
corresponding control va]ues for‘SGOT, serum CPK, plasma
alkaifne'bhosphatﬁge and g]ucose‘leye] were 17t2 td 23&31
iU,tZOrévtdESths 1u, 1621 to 21+5 IU, and 104:4 to 113:12

_ mg%, respective]y |

| Tab]e X111 presents the 11ver glycogen content
in restricted d1et rats, hav1ng 4.5+2, 6 g% for 1 to 9
'weeks of the post operative period and 2.4t0.5 g%‘for the
-10 to 19 week post operative neriod The eorrespondingv
values for control (SO) were 3.5:0.7 and 2.8:0.5%,

vmm_respectively

7
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G... The Effect of Sub-Total Nephrgctomy and
| Restrictdd Diet on Hepatic G]ycogen'Auqo1ysis
.at 25°C L | S
Table XIV shows the percent auto]ys1s of g]ycogb
in the 11ver of U, RD and SOArats.ﬁ Auto1ys1s for a perfod
of 30 m1nutes had no appreciable effect on‘uremfc.liver\
g]ycogen, whereas restricted d1et and sham operated rats_f
11ver g]ycogens were apprec1ab]y affected (31. 3:9. 2% and
40;8;1.5% to 41, 0+14 7%, respect1ve1y) (
‘ Auto]ys1s for a per1od of 90 m1nutes caused a -

36 percent 1oss of uremic ‘liver g]ycogen, cqrrespond1ng

percentage 1osses of 11ner g1ycogen for restrlcted d1et

and sham operated rats were 41 and 58, respect)vely. T ;.\\\\

H. The Effect of Sub-Total Nephrectomy and-

*Restricted'Diet on.Amylo-l,G;G1UCOsidase
i - in‘MuscTe and Liver . © |
“ Table XV presents the effect of uremia. and
restr1cted diet. on the musc]e enzyme, Amylo-1,6- g]uco-
r

s1dase The resu]ts are grouped 1nto two, one over a post
operat1ve per1od of 1 to 9 weeks and the other over 10 to ' e

15 weeks » Restr1cted diet . rats were'also ma1nta1ned over
theselperlods ? In uremla, the flrst period the activity L
of the enzyme remained constant (A+3% P<.495) while the )
activity for the second per1od decreased by 41% (P_O 05)
1when compared to sham operated rats In RD rats compared N

to sham,operated rats, the actxvity 1ncreasedumargina11y



(8+29%; P§Q.15) in the first pefiod and decreased in -
“(A-17%; P20.30) in thevsecond‘period

Tab]e XV1I deplcts the resu]ts of the act1v1ty of .
Amy]o 1,6- g]ucos1dase obtained from the liver of u, RD, and
SO rats. In the f1rst per1od the act1v1ty 1n urem1a |
1ncreased marglnally (A+17% P§0.2§ wh1]e in the second
per1od 1t decreased by 38% (PSO!#O) when compared.with that
~in SO rat’]iVer Compared to thé act1v1ty of the SO rat
11ver, the act1v1ty in RD 11ver decreased marg1na]]y
_(A-IQ%- P<O ZO) in the f1?ﬁt perlod and 1ncreased margtna]]y
‘c(A+ﬂ7% P<0 35) in the ~9.éond per1od :

B vThe Effect of_Uremwa, and Restricted Diet
on Rat Musc]e'and Liver Glycogen Synthetase

‘1' and "'D' Enzyme Activities’

_’Tahle XVII presents the‘activitfes of the enzyme
olycooen synthetase e and"D'Iin muscle of U, RD, and SO -
rats. In the f1rst 9§weeks after sub tota] nephrectomy,
the act1v1ty of enzyme 'I 1ncreased by 1V70% ¢P<o0. 01)

whereas 'in the second per1od of up to 19 weeks 1t was
I

01rtua11y unchanged (A+14% PiO 25) wheh compared to the S0
| rats Interest1ng]y, g]ycogen synthetase ‘D' in uremia 1in
h the first 9 weeks decreased by 11% (pso-. 0005) fo]]owed by
a decrease of 1% (P<0"0) 1n the next perlod when compared
,dto the SO contro] ‘ In contrast to the SO group, g]ycogen
“synthetase ‘if in the ‘muscle of RD rats - 1ncreased s]ight]y
| (A+2]%; P<0.15) in the first 9 weeks followed by 2

170
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s1gn1f1cant decrease of 20% (P<O 05) in the next-10 weeks,
~the acthJty of . glycogen synthetase-”D' 1ncrement in the
.

“first 9 weeks was 25% (PgO. 15) followed by an increase. of’
;__ALz‘(P 0 025) in the nex&\lo weeks

v

| e a'f. .

' Table XVIII present the data on liwer Blycogen oL

.1 synthetase "I‘ and ‘D' in sub- total nephrectom1zed 7

i

- reﬁtrlcted d1et and sham operated rats.

_ The}synthetase 'l' act1v1t%,1n urem1c ltver,- '
\& decreased by\ZS% (PS 05) ih the f1rst 9 weeks followed by
- a decrease of only 6% (P<0 0005) 1n the last lO weeks,
*“awhereas synthetaée ‘D' activity decreased by 66% (P<0. 005)
1n the first 9 weeks and de@re}Aed marginally (A+]8%ﬁ i
9/ P<0 lS) 1n the latter per1od when compared to those '

act1v1t1es in the liver of SO rats

.‘l’a* In comp&rison w1th the SO llver enzxﬁ‘gl
synthetase “I' act1y1ty in re;tr1cted d1et rat l1ver ‘
, decreased by 225 (P<0, 10) in.the flrst 9 weeks followed by
_a”decrease of 19% (P<0 lO) in the- last 10 weeks whereas |
synthetase 'D' act1v1ty decreased by 35% (P<0 10) in, the
o flrst 9 weeks and decreased only sllghtly (a- 17% PSO.lS)\‘

in ¢he last l9 weeks

‘zg_ _ .
J. The éffect of Sub-Total Nephrectomy and .
 Restricted Diet on’ the a-Glucan o ) .
v . N// " i '_
R -.Fhos&horylase ACtivity_of Rat Muscle and Liver
e “f Table XIX presents ttie results on mdscle.a—glucan'

@

mphosphorylase 'a' and 'b'vact1v1t1es in muscle oﬁ_U,‘RD, and .

N R
. . ?‘-‘_?;. ', »

. .
.
' “ g) . !
- e
N i Lo
o, L .
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.

SO rats. JThe ratio of the activity of phosphorylase '

 that of 'a plus b' in the-mchie of urémic rat decreased. by

a' to

%1% in the first 9 weeks wherea% 1J the latter period the '75

decrease was on]y 12% when- mompared to act1v1ties in muscle ,é.
pf SO rats. In contrast ‘to SO dontroisd the ratio of |

total phgsphoryiase activity ('a‘ to that of amp]us b in

muscle, of restricted diet rqts\decreased in the first ;j? '
‘weeks by 60% whereas the- decreése in the last 10 weeks wass
40%. | L s . S St

- Table XX presents the,activ1ties of liver a- glucan
phosphorylase in U - RD- and SO rats. In contrast to SO rat

values the ratio of the ac Qthy of phosphory]ase 'a' to

%8 in first 9 weeks increased‘by
98% whereas in the. iast 10 weeks ‘the increase 1is only 1. 5%7

\The Fa? to a plus b' ratio in the 1iver of RD rats in the
first 9 weeks 1ncreased by about 40% while in the second
peniod it 1ncreased ont<\by about 10% wien compared to

|
Jat ratio /in the liver of 30 rats. SR

¥ | /
K. hThe Effect of Urémia and Restricted Diet
| on Liver G]ucose-G—Phosphate Dehydrogenase"

,'Activity | =

| - -
‘Tab]e XXI presents the data on the activity of

G 6 PDH in the liver of nephrectOmized, restricted diet

and sham operated rats In the first 9 weeks the activity .

in the liver of uremic rats increased by 65% (P<0 005). |
' which was’ maintained in the second period (A+63% P<0 0005),



N D &
,~ . o ) L 5 ' ,, o
: N
when compared t® the activities in SO rats liver.  In: i
'. ‘« - . ’ ¢7
contrast, the activity in the liver of RD rats Was un,-

..changed (A+0'7%' Ps0.49) in the flrst 9 weeks fo]]owed by
a marg1nal increase -of 18% (P<0.2) in the latter per1od Qg

A

'when compared to S0 rats.

L. ]4C G]ucose Conversxon Exper1mdnt
+-  The Distribution of Tissue Components ST
a . . . v . . .. - . ‘ v . ‘ i ’
Table XXI1 presents “ata on the distribution of
. 14

gﬁssge components in U, RD, and SO rats used in _ C«U-=D-"
glucose éxberiméht.”‘Thé'meah weight of tﬁe residﬁaﬂ renal
‘mass in’ the U rats (2/3 of the s1ng1e rema1n1ng k1dney) was .
4(2 24+0 40 g), almost equal in'welght to that of a s1ng]e
-k]dney in Rq-(2;68:0.15>g)_and SO (2.78:@.1] g) rats. The
‘mean total liver méss_of the U rat was 25% .more with ; _
frespeét to that of RD and SO. vuistfibbtiongof'1iver‘11pjd ,

in g% was highest-in SO rats (2 63+0.06) fol]owed by U .

(1 ’3+O 03) and RD (1 35%+0. 05), whereas musc]e lipid was ,f -
~highest in RD anlmals (4. 80+0 20), followed by U 3. 60+0 36)

.'r“'ixo :

and SO (1.73:0.06%). ﬂgwever; the distrlbutlon of ad1pose
tissue lipid’ in g% was highest in SO rats (72. 3:2.52%)
fol]owed by RD (65 00+2. 00%) and U (28 342, 08%). Liver  ’;
‘g]ycogen distrlbutﬁon was highest 1n uremic (8.52:0. 46)

- followed by RD (6;5110.34) and SO.§3.67¢0 .18), and liver

.g]ycoprotein was highest in RD rats (52.3:0.2). foﬂ]owed by
U (22&6+0 3) and SO (]7 9+0.2). Plasma protein conte
: per - ]00>m1 plasma_was highest in SO anima]s‘(2,84¢Q:66)

%

“ ‘- -
— : ¥
1
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)

‘\fatty ac1ds in d1fferent tlssues of subtotalm

éf.

P

N

followed by U (1. @J;O 14) and RD (l 29+0 26), where as

’“-‘BTasmaﬁpon\prote1n n1trogen per lOO ml was h1ghest in RD

(4. 30+0 lO) followed by SO (3. 99+0 ll) and U (3.35:0.46).
Plasma free fatty acid per 100 ml was . h1ghest in U rats
(0. 75+0 lO) followed by SO (0 35+0.03) and RD (0 £7+m 03)

Table. XXIII reports the. data on the convers1on offd

]4C U-b- glucose into l1p1d proteln, gly%ogen and free

e

&)
. sham operated and restr1cted diet rats 12 hours after ip’

3 -

1nJect1on of a dose of lO uC1 The d1str1bution of radlo-

act1v1ty per g l1verl1p1d was h1ghest in the RD ra}s'l
(13.47+0.58 x 104 dpm)afollowed by U (9 34+0 48 x lO dpm)
and SO (6.14:0. 38 x l04 dpm). Radioact1v1ty levels per g
ad1poserl1p1¢ and per g muscle llpld respectively followed

N
the same pattern as- that of l1ver l1p1d,-that isy the

‘h1ghest 1ncorporat10l'was in RD an}mals (2.68+0.03 x- lO4

.x 10"

dpm and 6. 09+0, 03 X l04 dpm) followed by U (2 58+0 03 X lO
dpmwand 4.30i0¢§&' |

’¢£dpm) and SO (0.39:0. 02 x lo dpm

and 2. 34:0. Ol X l04 dpm); respect1vely

14

Dlstr1bution of the 'C- glucose label per g of

liver glycogen Was highest in RD. rats (19, 67+0 52 x 104 |

dpm) followed by SO (l4 73:1.09 X lbﬁﬁ

s

g@m) and U (13. 301

,0 34 X : l04 dpm). However, when the levels are expressed

per lOO 9 of liver then the appearance of ]4C glucose label

~in liver. glycogen was highest im RD animals (b%ﬁgg 128 25
dpm/lOO g,.6 51 g glycogen), followed by Uﬁ(ll3 32 X

4

4

10 dpm/lOO 9 8.52 g glycogen) and SO (53 95 x 104 dpm/

. o T

> ‘ . . - _4*-:7 3
, . - ) Loy i

Y78

nephrectomized,
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100 g;‘2E67 g g]ycogen) The EM frequent]y corre]ates
'with'th e results w1th respect to hepat1c g]ycogen
content of these three experimental groups. ~ The amount of

rad1oact1v1ty 1n 100 g of liver TCA prec1p1tate was h1ghest

in RD rats (24. 25+0 76 x ]05 dpm) fo]]owed by U (12. 62+0 47 -~

X lﬁs‘dpm%~and\50 (9.8620.34" x 10% dpm) . P]asma free fatty

acids (per 100 ml p1asma) showed tQﬁ h1ghest“ff;”h%§t1v1ty ‘

in’RD animals (5. 21:0.51 x 10% dpm) followed
\

. 0.56 x 10% dpm) and u (1.26:0.14 x 104-dpm),p~?i_é:s@? 7

M. The Distribution-of Radioactive R
as the Percent of “the Dose,'1n D1ffereﬁt
VOrgans in Sub Tota]ly Nephrectomlzed v
ARestr1cted Dwet and Sham Operated‘Rats'

Teble XXIV presents data of the d1str1but10n of .
’radioactiv1ty from 14c

.tota]ly nephrectomized, sham operated and- restricted diet

rats, as a percent of the dose. In the k1dney, on a per g'

'bas1s, urem1c kldney has the h1ghest act1v1ty (0 16+0. 002)
fo]]owed by RD (0. 09:+0. 002) and, SO (0. 04+0 001). | In the |
11ver, on a per 100 g bas1s,vthe 11ver of RD rats shows
“the h1ghest rad1oact1v1ty (7. 50+0 53), fol]oweg:by U
hrats (11.52+0, 59) and SO (7.68+0.25), In mﬁsble,‘the
order of distribution of the ]46 g]ucase dose as a %

 per g qf muscle was highest 1n RD animals (0 2740, 001)
c]osely fo]]oi&d by U“(O 26+0 002) and then by S0 (0=10+

0.006). Per g of¢ad1pose t1ssue, thenhighest act1v1ty was
| '\17 ’

c- glucose to different organs of sub-

3 Os\e 5 v ;;_-:h;_,,
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in Rqonats (0.08+0.001) followed by U (0.03+0.002) and'so
(0.010.002). bremic plasma, on a 100 mlvbasis'contaiﬁeddl’
' the‘higheSt actiVity levels (7.19t07¢0), c]osely'foT]owed,'
by RD (6. 29:0.08) and SO (5.02:0.08), as a % of the dose.
| Per 100 ml p]asma free fatty ac1d the¢highestc
activfty”was shown in RD rats_(3t2910.33) and the'1owest';
in u.(o.79to.g9),'so hav{ng'2;9310{54‘percentsof the dose.
. N. The Plasma Free Amino Acids Profiie.;w
| Tab]etxxv presents thehdata on p]asma fhee»amino
‘ac1ds of urem1c rats vis-a-vis sham operated rats. - The
"results are” grouped 1nto two- perTodS‘“ 1 to 6 weeks and )

g .

The ph phoser1ne component showed an 1ncrement

10 to 24 weeks pzﬂt nephrectomy
:of 65% (P<0 025) dur1ng the f1rst period and 266% (PSO 005)
by the second pertod, compared respectlvely .to the two |

_groups of SO rats Two der1vat1ves of‘h1st1d1ne,%1-methy1- e
h1st1d1ne and 3- methy1h1st1d1ne are also noteworthy. % ’

.1 methy1h1st1d1ne 1ncreased by 56% (psoO. 15) in ‘the f1rst'
six week;er1od and by 147% (PSO 005) in. the second per1od

in urem1c p]asma cOmpared to SO However, 3 methylhistidlne
was only found in ‘uremic- p1asma and was tota]ly absent from
'S0 and RD p]asma (Table XXVI)._ uremic 1evels were 0. 83+

fO 34 m1cromo]es/100 ml plasma in the first six weeks .and.

they 1ncreased to 1. 11+0 41 mlcromoles/loo ml in the Jast
10 24 weeks



177

"s¢‘~

fmy and decreased by up to

-

_'per1od The tota1 essentua] amltf‘?

B

« 219 micromoles per 100 m] p1asma in SO‘Tat s’
) o SRR

o \, Rt

fmo]es per 100 m1 p]asma fn%the dremmc pﬁaSmasan the f1rst

period whereas the correspond1ng waues for Sofand U ratsv'
in the se;ond period were 212 and: 196 m1cromoles per YD@ m]
.aU .

'p]asma. The non- essent1a1 amino ac1ds (a%anﬁne pTus§ ﬂ&;

o

. . ‘; ; _:"_:-;. .*Q -
'hydroxyprollne, pro]1ne, and tyros1ne) a14 1nc‘eg}ed§b,'

O] ) . . | c .
to 55 pexcent 1n.urem1a in the-ﬁ1rst perlod and lnﬁreased ,,s‘@

by 6- to 52 percent in the second per1od Serlne decreased‘

- by 15% (P 0. 20) and 18% (P<0 0]25) dur1ng the f1rst‘and

the second per1ods, respect1ve1y when compared tQJSG

The tota] plasm% concentrat1ons of all of these non?f;

u"

essential amjno acids were 218 micromoles per 100 m} ﬁor

\.

cyst\nf‘?*‘

mu?&citru111ne, argin1ne, aspart1c_ac1d,



§. - . ' \ - | {0 ///_, C J, '

" glutamic)acid fgiycine, histidine,d' droxypro]ine:

.

meth1on1qe, pﬂo];ne, serine, threon1ne, tryptophan and
i

va11ne) was. to 347 m1cromB1Es#4QD_ml“plasma in U rats and ;umev‘a

328 m1cromoles/1OQ,m1 ptasma in SO rats-in the f1rstvper1qd;
corresponding figures for JlandeO rats 1in tne,second ° é'
;periods Qene.359 mic;omoles/lpo ml p]asma and 341 micromoles
per 100 m1 plasma, respéttiVe]yﬁ The ‘total concentration'of'm
:»glycogenicyand ketogenic amino acigs (isom ucine, 1ysine3"
..phenylalanine and tyroSine) amounted to 82 and 86 micro-‘
"moles/100 ml p1asma for U and SO0 rats, respect1ve]y in the
kf1rst per1od / In the second period both SO and U rats

‘showed 1dent1ca1 concentrat1ons of these am1no ac1ds

i

ey

(79 m1cromo]es/100 ml). A
Leuc1ne, the ketogenlc amino ‘acid, was found in
nigher concentrat1on in SO rat piasma (23 m1cromo]es/]00
ml) than in U rat p]asma (21 m1cromo]es/100 m]) in the
first period; the second period levels were 22 mlcromoles
per 100 ml for_SO rats and 19 micromoles per 100 m1 for U
rats. |
In the;fwo periods the urea cycle amino acid
'oknithine increased by 8%J(P50v35) and 9% (Ps0.15) percenﬁ
and aspartlc acid increased by 36% (P<0 15) and 30% (P<0. 10)
wh11e, arg]n1ne

'(p<o 0125)

reased by 18 to 22% (P<o0. 15) and 18%

FEN .

urem1a when compared to SO rats.
Tab]e XXVI .compares the plasma free amino acid
f 1

profile of restr1cted diet rats with ‘those of sham operated

rats.  Due to the paucity of samp]es, all data presented
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3 ‘ ‘
"cfgf both SO and RD_rats@;re for che 18 to 24 week po;tQ‘
hephpﬁ??omy period. _\' . '
- Phosphoserine increased by 1£2~(P50145) and\lef
‘methylhistidine increased by 102 (ps0. 30) in RD rats as
compared ggvso cdntro]s However, 3 methy]hlst1daﬂ‘ was
noqmeetectable in e1ther group The tota]«essent1a] amino
acic content in RD rats was sl1ght1y decreased (235 umo]es .
UE T BRI ml 1n SO rats versus 2]8 umo]es per 100 ml in RD . ?ﬁ

«s' while the total non- essent1a1 amino -acids content’ J;ﬂ.%*xﬁ”"
Rl animz’s was‘decreased (273 umoles/100 g] in SO rats i
Jersus _43 umoles/]OO ml in RD rats). R - ﬁs

i\ P]asma Tevels of g]ycogenlc amino actds in the RD

g decreased by"about 12 percéﬁtvand.levels of g]ycogenic
cum ketGgehic amino acids decreased by about 11 perceht'
.when compared to Soecontrols The p]asma congentrat1on of
-.leucine, the ketogen1c amino ac1ds decreased by agputull
percent, when compared to S0 controls The p]asma
aconcentrat1on of.. ]euc1ne,‘the ketogen1c amino ac1d, was
decreased by 8% (PSQ.10)~1n.the RD group,compared‘td the
SO contrde 0f the plasma urea cycle amino -acids, :h |
ornithine decreased by 42% (PSO 0005), arglnlne decreased
by 104 (P<0. 40) and aspartlc ac1d decreased by 32% - | -

_(P<0,20) in RD rats as compared to SO rats o 7-'Ar
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CHAPTER V

DISCLSSION

In th1s research we were dealing with sick,
,urg1ca11y stressed, and partially starved animals, and
_onsequently we were confronted with certa1n extraord1nary
yroblems. For example, obtaining a fasting b]ood samp1e was

vindered by a h19h rate of morta11ty in fasted anlmals, and’

jetermination of a number of parameters in the same pathway was’

limited by plasma sample size factors due to the . anaem1c
cond1t10n of the rats Furthermore the uncerta1nty of the

progress1on of uremla in sub totally nephrectom1zed rats and

the consequent spread of data due to 1nd1v1dua1 varlation L ;f.

presented a maJor obstac]e to data ana]ys1s For tb1s
reason, changes wh1ch are assoc1ated with P20.10 (2P<0 20)
have been arb1trar11y cons1dered 51gn1f1cant for the - *1 |
purposes of discussion. ' o

The BUN is an acceptab]e c11n1ca1 1ndex for
mon1tor1ng the progressive deter1orat1on of CRF, and it was
stud1ed in all -ats. However, we found in many cases that
compensatton of the BUN occUrred' that 1s,'e1evat1on of the
BUN was temporary and the other uremic symptoms persisted
.Therefore, we studied a number of other parameters to. wh1ch

a c11n1ca1 chemlst would have ready access ' SGOT, serum CPK,

PAP, hematocr1t, p]asma g]ucose, and p]asma amino ac1ds
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Thts=research was undertaken to investigate the possibility
of an a]ternate parameter being used as an 1ndex to mon1tor1ng
the. deter10rat1ng cond1t1on of the nephrectom1zed rats.

In urem1a d1sturbances of the nutr1t10na1 homeo—

215

~stasis preva11, and are known to grossly affect the metabo]1sm

of protein-and carbohydrate.f In add1t1on, ma]nutr1t1on can
'1nf1uencezc11n1ca1 parameters such as SGOT. To determ1ne
the 1nf1uence of‘decreased dietary intake on the serum,
plasma, and‘who1e b1ood characteristics of uremia rats,
rats wjth restrtcted jntake of the normal 1aboratory diet.f
wer used‘as controls in addition to sham operated'controls;
| T 1mpa1rment of g]ucose metabollsm has-been |
impficated 58 the urem1c cond1t1on wA]thoughgth1s subject

vhas”beenpwidely studied both cllnlca]]y and in experimental

animals, two initia] findings prompted further investigation;ff

Thus s es.denca of apparent hypog]ycemla in the presence of
a:normal, excess1ve hepat1c glycogen depos1tion led, to an

11vest1g%t1on o f g]ucose utlllzatlon in vivo,:and glycogen

D N
S Cycie emrymes 1n v1tro s

The resu]ts are dlscussed be]ow WIth respect to

v‘

each parameter measured "The s1gn1f1cance of the results in

.

3re1ationship to each other 1s presented

1,f' BUN“ (Table 1 and )

o The examinat1on of the’ BUNb]evels (Tab]e 1) of those

rats which survived a]] through the 19 week period shows that
VthejruBUN ranges from:52_5 to 79:6 mg%. The BUN at the end of



Fig.

32,

~
A

~~

Effect of sub-total nephrectomy and

réstr1cted diet on BUN.
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the 3rd week was 66:4 mg% and ondthe‘19th week, 54+3 mg%..

The reason for surviva] was probab]y'due to hypertrophy of .
remajning rena]Imass‘withza_decrease in BUh though the uremic'
symptoms still prevai]ed'as‘seen by-examination of other
parameters. Mostvof the rats:dted'as soon as'their BUN rose
to 100 mgs%. In~the‘tab1e;.rats narked"dead‘ with a BUN
.:higher or less than.100 mg% were not dead but were killed
for’use'in the experiment The range of the BUN among these

| rats was 62:29 to 124460 mg% and those which died of urem1a.
‘had BUN 1evels between 112 and 198 mg%. For control (SO) and"’
RD rats, the ranges of BUN are 15+1 to 23+8 and 13#2 to 32+
20 respecf1ve]y (Tab]e II). | ' )

T ble II shows that restricted diet does not have
any'signtfic nt effect on the BUN levelﬁ HoweVer,'jn‘the |
majortty ofi\he restricted‘diet-rats the BUN 1eve1s_show a
slightly downward trend in comparison to‘sham operated'
.contro1. ~This ay'r ‘ect'decreased activity.of‘theburea
cycle eni}mes,'as is evident from the anaT&sﬁs of the plasma
amino acid_profi]e of RD vis-a—yis SO, particuiarTy the
concentrations of aspartic -acid and gTutamic“acid-whiCh
.show decreases (36% and 37%, respectivé]y) Urea is the

‘most 1mportant flnal product of’ protein metabo11sm, ‘and it

Tow level in restr1cted d1et rats is expected
| 2. SGOT (Table 111)
SGOT 1eve1s in sub= totally nephrectomized rats
have been shown to be decreased by 56 to 66% in the first
]]vweeks'and by‘40 to 63%,1n the 12th to.19th weeks , when

R
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Fig. 33. Effect of sub-tbta],nephrectomy and
o ‘restricted diet on SGOT.
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compared to SO grdups. In.contrast, the corresponding
decreasequ SGOT in RD rats was_between 27 and 46% in the
first 11 weeks as.between 22 and 44% in the 12th ;p‘19th'

' week, compared to SO controls. This demonstrates that-this
decrease«is due to the cummulative effect ot both starvation
'and uremla The SGOT levels in U rats were from 15 to 62%
1ower, dur1ng the 3rd to 17th week than correspondlng
1evels-:n RD rats. It can thus be seen that uremia per se

C s large]y respons1b1e for decreases in. SGOT, a]though the
banorex1a,assoc1ated WIth uremia has a s1gn1f1cant 1nf1uence

The most 1nterest1ng fact is that th1s Zefﬁgaiy in the SGUT‘"”‘”**m—-»

level is 1ndependent of the BUN leve] hat is? th1s

4

£

_decrease pers1sts even when the BUN; decreased : suggest1ng

'} that SGOT may have some potent1a1 for a comp]ementary 'dex

to monltor the progress of uremia. _ o

>

(Transam1na?§en prow%ggs a means of red]str1but1o i

ey

of nitrogen, the . two h';; ;,nt members of the SGOT ?1§5f_
system are asparate and oxa]batetate,,wh1ch are 1nvo]ved
through the urea cyc]e and the TCA cye]e for the

synthesis of urea. . |

In urea synthes1s, the entry of the f1rst N as

'NH3 comes from carbamy] PO4 and esecond nitrogen is

derived from the amino nitrog of aspartic acid.
.ASpartfc'aeid’is formed by ransaminatibn”of QIUtamate;

__and the fumaric ac1d formed in the arglnosucc1nase [wh1ch

elevates in uremla (146)] react1on can be hydrated to malic

acid and reoxid1zed to oxa]oacetlc ac1d in the c1tr1c acid



cycle. The OAA can then acquire a new amino acid group by

transamination, withyaspartateformation and repetition of

the sequence. This excessive urea formation may deplete
. I‘ IS

SGOT, and may be responsib]e for the decreased SGOT in the

U rats. Th1s observat1on of a decrease of SGOT -activity in

'urem1a prompted us to determ1ne the plasma free amlno ac1d

]eve]s; 1nc1ud1ng'aspartate, Jn_sub-totally nephrectomrzed

and restr1cted diet rats " The p1asma levels of SGOT in RD
A

rats were, a]most double the p]asma levels of SGOT in U rats.

This corre]ates we]] with the observed plasma concentrat1ons

’ of aspartlc ac1d and the BUN in RD and U rats (Table XXVI

and XXV) These tab]es show that the aspart1c acid con-
centration in RD p]asma is decreased by 31% ‘and utamic acid
(from wh1ch aspart1c is formed by transam1nat1on) is decreased

by 37%, whereas aspartic acid concentratlons and glutamic

ac1d concentratlons are respectlvely incr eased by 30 to 36%

and 55% in uremic p]asma .

The .elevated aspartate 1evels seen in the U. rats
are incompatible w1th SGOT unless the aspartate s generated :
via an alternate pathway, for examp]e, via asparaglne. The |
substrate 1nh1b1t1on (by h1gh concentratlons of 0AA) may
also cause dep]etlon of SGOT.

Another factor whlch shou]d be. con51dered is the
endocrine hormone 1eve1 in p]asma Growth hormone is known
to be elevated in the plasma of f;stlno patients with severe

rena] fa11ure;(282). Growth hormone injected into norma1 and

220
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hypophysectomized rats reduced muscle GOT (374) but in-
jection of‘ébrti§0ne into rats elevated both glut&mic-
oxaloacetate and g]htémic—pyruvic transaminases,'_However,
when infected into’thé mouse,. cortisone decreasediliver'GOTv
'but 1ncreased kidney and heart GOT (374 375) HydroCortiSone
'or cortisol g1ven to 1ymptocyte suspen51ons 1nh1b1ted SGOT
act1y1ty (%76.). ' 3 |

B "Th prdjressivé'decreasevofFSGOTv]ere]s in uremia
may therefore, be due to substrate'inhibifjon (high levels of
asparﬁate, glutamate, a—ketog]utarate,‘oxaloatétaté) and/drvv
eleration of growth‘aormone or diﬁturbances invcort1501,‘a11
of which we’ have not explored as yet. |

Kokot et al. (350) during hemod1a1ys1s of four

hours duration observed no change tn SGOT. However, 0 to 96%_

-2 to 10 -4

'.i-"hhib/‘iti.on of SGOT by aqueous solutions of 10 M of
20 to 24 §pecia1'pheno1ic acidSvidentifiedﬂin human-sgrum or
'vdialysétesbhavé been reported.(lﬁ)
| Thé occurence of severa] glucogenlc amino acids
and of metabo]1tes of the TCA cyc]e in am1nonuc1e051de—
g1nduced nephrotic ratsuhas been reported (202)-1n whlgh
"both fed and fas;éd nephrotic rats showed intreaéed'con-
r'céhtrations of aspértate; malaie, oxaloacetate;'g1ﬁtamate:
_: and a-kétbb[ptardte.‘ These increases in the cgpceﬁtratizns
offaépartate andonaloaceté;e also sﬁpportjour'contention
,thai a decreése in SGOT may probably be duévto substrate
dnhibition in sub totally nephrectomized as we11 as 1n"

©
restricted diet rats [(pSO 025 to O. 0005) and (P<0 10 to

[
gy
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0.0005) respectiveﬁy as cOmpared.to'SO cdntrols]
?i E]evat1on of SGOT in rat liver 48 hours after bi-

1atera1 nephre:;ymy has alsd been reported (352) . Tbese
mal

stud1es u

v

e rats and the determ1nat70ns were made in

liver on]y, 24 to 48 hours after b11atera1 ex hrectomy

These rats were in an acute, terminal condition quite

d1fferent from our mode] o,
"3.h' CPK (Table Iv)
} ' Serum CPK activity in sub- tota]1y nephrectom1zed

‘rats shows/;ftdﬂdenc for;a:w1de range pf decreasesv(35 to
81%) from 3rd week to'the\]9th'week‘post SUhgery, compared :
tobSO'rats In ?S trast the serum CPK act1vrty 1n re-
stricted d1et ‘rats shows erratic changes,‘w1th a’range ofi
25 to 55% decrease in- the 3rd, 17th, and 19th weeks, and a
13% increase in the ]3th week Lo . |
It is d1ff1cu1t ‘to- exp]aln thlS k1nd of
fTuctuatjon in RD rats. It may be that in the uremic there
is a constant inhibition of CPK due tbdaccumulation of '
creatine;‘whereas\f]uctuations:in RD rats ref]ect the .
cOnstant efforts of the‘animalsvtd.COntroT”the Kcmeostasiggma

of muscle energy. >

CPK is.a muscle’ Spec1f1c_*n, fle and ‘its actfvity

hi_s is ,b@cause
: s

the musc]es possess 'an anaeroblc mechan for the rapid

ref]ects the energy level 1n the mus

B synthesis of ATP to ‘meet the demand for energy Resting

ske]eta1 muscle. has 4 to 6 t1mes as much phosphocreathe asd
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ATPj However,’the typica] changes'in serum CPK activity level ~
possibly indicate the f]uctuat1ng levels of adenine nuc]eot1de
(ADP and ATP), as Lohman (213)ﬁdemonstrated that muscle does
not possess an enzyme system for the ata]ysls ofvcreat1ne0
phosbhate unless adenine nucleotides‘are oresent. Iﬁ-view of
this.it may be that the depletion of CPK aCt;yity flects
the'absence'or inadequacy of adenine nuc]eotides. ri |

| It is 1nterest1ng fo note that both CPK and SEOT
f(wh1ch e]evates 1n myocard1a1 1nf~(cb1onvand re?lecfi the
skeletal and cardiac muscle damage) are found to be diminished
‘in both sub totally nephrectomized as well as restricted'

diet rats. However, the increasing rep]acement of musc]e
with_fatty and_connectlve tissue completely c;;ses thef

occurrence of pathologic enzyme activities (351).

4., A]kaline,Phosohatase-(Table V)
| (0rthophosphor1c Honoester ‘
Phosphohydrolase, EC 3.1.3.1)
In subktotally nephrectomiaéd rats theuo]asmaa
ha]kaline phosphatase‘activity”(PAP) shows a,stgnificant'
gtendency-of‘decrease (34%) in the'Sth week fo]]owed by
upward- and downward tendency 1n “the a]ternate fortnight
ureSpectlvely up to ‘the 17th week . In contrast the PAP
actiyxty ‘in RD rats plasma showed a 51gn1f1cant tendency of
decrease ranging from 21 to 41%, as compared to SO rats |
plasma activity Kokot et al. (352) observed increased PAP
activ1ty during hemodla]ysis of 24 hour duratlon as the

Ia

y o



"Perphosphates (PP ), 4

~for example, the S- -PP; rise is attributed to the,marked
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inhibitor molecules wéréﬁbrief]y removed. . In the normal
species, serum‘alkaline phosphatase ts derived from three
sources: bone, 1iver; and"intestine The actiuity

1ncreases from b1rth through puberty to corre]ate w1th the
growth rate of bone. Elevatlon of the enzymeoccurs in b111ary
obstruction,(both‘intra_and ext;ahepat1c), viral hepat1t1s,
portal cfrrhOSis, drug induceé'choIestasiS‘and alcoholism.

c:,'\~
i

This is used d1agnost1ca11y 0 a 1esser extent in -

" regenerative bone d1seases, bone tumors, paget's disease,

hyperparathyro1d1sm r1c$ets and osteoma]ac1a (355) ;

ol
/n%1b1tors pf soft -tissue calcification

' re known to regu]ate
PAP and play an 1mpi;tf '8, i : trophy in CRF
jLa ues in chronic hemod1a sis d1d show
d1rect corre]ation w1th the ca1c1um phOSphorus product, and

1nverse1y correTat1on w1th the serum alkaline phosphatases,,

]

decrease in alkaline phosphatase post-operatively (in post
B rena] transp]ant patlents) (356) An increase fn serum in-
‘organ1c phosphate has been suggested to increase S~ PPi by
inhibiting pyrophosphatases (357).
&fhere is oood ev{dence to suggest that calcium - N

transfer across the intestinal and bone cells involves a

calcium dependent ATPase SyStem which may be identica] with
alkaline'phosphatase 8 The .latter has long been known to

1ncrease at the brush border of the 1ntest1nal cells 1n
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cesponse to Vitamin D (358). Low 1,25-DhCC lTevels in uremia
may be a signiijant;contributing factor to the serum increase
of PP. (359) sincelpyrophosphatase actiuity regu]ates tissue -
and serum PP 1eve1slf360) | | . -

- It has been suggested that the inverse corre]at1on
between S-PPi and serum alkaline phosphatase may be espec1a1]y
intéreSting in the et1o]ogy of osteodystrophy. Itlis known
that a rise in .bone alhaline phOSphatase indicates osteo-
‘b]astic aCtiyity; an effort by diseased bonerto-heai and
calcify (36])1  Thus, serum alkaline phosphataSe iS'one'oﬁ
the best parameters other than the rad1ograph1c observat1on.

- to fol1ow the course and seveﬁﬁty of osteodystrophy (362) |

Since a]ka11ne phosphatase acts as pyrophosphatase, higher

~alkaline phosphatase should accompany the Iower PP, (363).
 David et al. observed that the drop in PPi durlng d1a1ys1s.

‘fs associated nfth high serum‘alka]ine phosphatase. There
s also an inverse relationship between the dose of
'.corticosteroids anth—§Pi3(3§6).,1Bomuar,;£ al. (364)
studted-theieffect of'Ca infusion on changes of‘PAP‘in CRF
‘_during d1a1ysls and observed, contrary to others, that Ca
1nfusion 1owered~PAP ‘Most of these observations support
.our f1nd1ngs of 1ower PAP in. sub tota]]y nephrectom1zed rats, -

but our. findings in PAP 1n RD a]so suggest that the 1ower

value ts due to “the cummu]at1ve effect of both uremia and =

starvation (a secondary effect of uremla)

L e

)y
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It may'be said then thatnalka]ine phosphatase
ref]ects the etiology of osteodystrophy; a rise 1nd1cates
osteob]ast1c act1v1ty and a fa]] reflects hypoca]cem1a, Tow
‘1,25—DHCC levels in plasma, and h1gh S-PP{;"WIth'the onset
of bone disease. | |

5. Hematocrlt (Tab]e VI) ’

The hematocr1t in sub- tota]]y nephrectom1zed rats
varﬁes from 0.44 to 0.56, in contrast to the va]ues of sham 5
operatedvats and restrlcted d1et rats wh1ch varied fromi 7
0.56 to.0. 65 and O 56 to 0. 71, respecti ve]y Hemat05r1ts
'_for U and RD'rats were not 51gn1f1cant1y dlfferent from SO
rat hematocr1ts at the 7th and 11th weeks, and the 5th; 9th,
13th and 15th weeks, respect1ve1y . - ' '

In general, the»pattern4of:apparent.hemédiiution“‘-
in ‘uremics is indirect evidence of the mfcrocitic'anemia
common]y assoc1ated w1th chronic rena] d1sease | On the ) /o
other hand~_;hé apparent pattern of hemoconcentrat1on in the
RD 1is Jhd1rect_ev1dence;of-the_decreased c1rcu1at1ng-p1asma
" associated with]deqreased plasma pfoteins Seébndary to -

w

starvation, ‘ .
' - : . e |
' It would thus seem that the uremic condition and not.

: : o L SO
the starvation directly caused the decreased hematocrit.
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. John‘_t al. (368) corre]ated toe res1dua1 renal
funCtiOn in pat1ents rece1v1ng regu]ar hemod1a1y51s with the
hematocr1t, w1th a mean value of 0 22 to 0 28. They also .
corre]ated 1ncreased pred1a1ys1s creat1ne (>18 mg%) with H
H i of 0.14 to 0. ]8 HoweVer, we obstrved hemoconcentrat1on
in RD with approxlmately the same. (norma]) BUN as seen in SO
. rats, whereas hemod11ut1on was’ present 1n U rats w1th ‘

' elevated BUN , Duff t 1. (185) reported that testosterone

increases Hct ‘and. erythropOIet1n in. hemod1a1ys1s patlents

n1th po]ycyst1c k1dney d1sease Ih other ‘non- polycyst1cl“
k1dney d1sease, they also found that testosterone and

dia]ysys 1ncreased the H ct but a maxlmum response requlred
four monthﬁlﬂ 0ur resu]ts of decrease 1n H’ ,1n sub tota]]y
repnrectom1zeu u_are in agreement;w1th the1r observat1on 16
“aman beings ‘ . “ ‘ |

Erythropo1et1c act1v1ty, espec1a]]y 1n comblnatlon -

ITth other signs of poss1ble graft fai]ure, has been:' ":**‘*
suggested to be a usefu] ind1cator of transplant dysfunct1on

-(365) Gral et _lt'observed that the ear]y appearance of :
erythropoietlc act1v1ty,'erythropoietin (EP), follow1ng

cadaver1c renal homotransp]antatlon seems to be 1nd1cat1ve S ,g
of a re11ab1e graft Erythropo1et1n usual]y fell gradual]y
w1th1n severaléweeks as ‘the hematocrat 1ncreased and ,'” :"af
.creatinine deé?eased They a]so suggeSted that a1y sudden
early rise or drop 1n EP as fo]]owed by a drop or rise in')

HCt after transp]antation m19ht indicate acute graft

fa1lure . bleed1ng, obstruction, or reJectlon (366) Somej

IR
[
Wi
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degree of folate deficiency, accompanied by a small
reticulocytosis-has beenvimplicatedemith a rise in hematocrit
(367). Since Hct screens blood dyscrasias, and combutes

mean . corpuscular vo]umes and the mean Eorpuch]ar hemog]obin
concentration, the decreasing tendency in uremia may measure
'1ess of.hemoglobin hy sysfemic b]eeding."Ofleounse; by H.,
measurement,.evaluatidn ef anemia'and polycythemia can be
made without red cell counts . However, hemodi]utien may be
- due to physio]ogic hydremia, where a falling.Hct‘may not |
e necessarily indicate anemia in the sense_of a reduction in
vtota] number of c1rcu1at1ng red cells. Furthermore, hemo-

concentrat1on may be due to shock, or to raised H even

ct
though a.con51derab]e proport1on of tota] red cell mass has

1heen 1ost-thAough‘hemorrhage.

6. P]asma“G1ucose (Tab]e VII)

Our findings of p]asma g]ucose levels in the sub-"‘
totally nephrectomfzedfmats show a.mean valhe of 45i]6 to
'74£21 mg%;,pver a period of 3 to 18 weeks post'nephrectomy.
The mean value opr1asma giucose hy the same method in.sde
rats‘is'66i4 to 113t23'mg% (Table VII)  The U rats were
vthusfsignifieantly hypoglycemic except at the 9th and 17th

week periods. In contrast, the mean va]ues of plasma

- g]ucose fn-restricted diet'fats over the same period of

.3 to 19 week% ranged from 41+15 to 93+19 mg% these rats
were s1gn1f1cant1y different from SO rats on]y at weeks

' 11;-17 and 19. Both sub totally nephrectomized rats and
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o~
restricted diet rats show a tendency toward hypoglycemia.
| The plaSMa sampTe was collected in the 4 to 6 hour post-
absorptive state, as high mortality among the nephrectomized
rats prevented us from tak1ng fast1ng p]asma samples. ,Our
-results, show1ng hypog]ycem1a in uremic rats, ref]ects the
ut111ty of a true g1ucose spec1f1c hexok1nase method This
is in agreement w1th the recent findings of Weisinger _ty;l.
(369),,who define g]ucose tolerance in subjects with
g chron1c renal fallure using g]ucose spec1f1c methodo]ogy
They showed that fastwng glucose. concentrat1ons were norma]
-in subJects wwth chronic renal fal]ure ‘when. using the glucose
specific oxygen rate glucose ox1dase method However,
’Neisinger et al. also showed that all pat1ents with chron1c;-
| rena] fallure have chem1ca1 diabetes by the cr1ter1a of |
vFaJans and Conn (370), 1f plasma glucose is measured by the
alkaline ferr1cyan1de method and even the relat1ve1y
hhspec1f1c 3 D g]ucose oxidase- perox1dase method (whlch is
subJect to potential perox1dase reaction. 1nh1b1tors, such
as urlc acid, ascorbic ac1d and other reduc1ng substances) j
Th]S f1nd1ng is in agreement wlth ours. However, NelSlnger
et _l va]so showed that ora] glucose tolerance is impaired |
and corre]ates w1th the sever1ty of azotemia whlle our
.f1nd1ngs 5@ the 4 to 6 hour post- absorpt1ve state show . ,
.that squbota]1y nephrectom1zed rats probab]y canwot utllize"' lﬁﬁ

endogenous sourc%%’of glucose, in fact they d1e if fasted

for more than Six hours This is, perhaps in llne WIth the

K
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Weisinger findings that.hemodialysis did notjcorrect the
giucose intolerance in the.patients they studied. Cohenﬂb
et al. (66) descr1bed the tendency to hypog]ycem1a to be a
resu]t of both the hepat1c and peripheral 1nh1b1t1on of
g]ucose uptake due . to compet1t1ve b]ockage of the
phosphory]at1ng enzyme, . by accumu]at1on of re]ated
metabolites in uremia. Cohen et al (289) re-exam1ned
this hypog]ycem1a tendency in subJects with rena] fa1]ure
u51ng ep1nephr1ne and glucogen and 1nsu11n to1erance |
tests; observed responses to both tests showed a diminished
g]yco]ys1s suggesting a def1c1ency in glycogen storage

" They also 1mp]1cated retr1ned guan1des (methyl guan1d1nes

and_guan1d1ne) to beﬁagents effectlve 1n reduc1ng 11ver

1

glycogen. Shafrir et al. (302) also observed hypo1nsu11nem1a,i

decreased pancreat1c 1nsu11n content and decreased serum -
cort1costerone 1evels assoc1ated w1th some what decreased

g1ucose 1evels 1n the1r amino nucleos1de 1nduced nephrotlc

E .ou

reﬁ% It 1s§§1500i%0wn that the body,i1n fast1ng, reduces
‘3

: oﬁ
gluconeogene51s to mrnhm1ze prote1n breakdown. The hypo-

glycem1c pattern ogsgrved in uremic rat is simllar to that
observed in restr1cted d1et rats | This probably ‘means that.
g]uconeogene51s is reduced in sub tota11y¥;ephrectomized
rats If thlS is Erue sthen one shou]d expect increases in
concentratlons ofvplaﬁﬁemglucogen1c amino acids and
metabo]1tes ofmthe ‘TCA cyc]e As a fact, we did observe
bncreases in the concentrat1on of g]ucogenic amino ac1ds in.

uremic- rat p]asma (Tab1e XXV) and a decrease of SGOT. and

R
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Vo ‘ ) -

increased BUN. This also indicates‘an increaSe.in the con-
centration of oxa]dagetate and aspartate and‘othér uncodenic
amino acids. N ///. | |
:It is therefore expecsed'that.hypogiycemia may be
due.tobeither of one or more than dne»of the fol]dningb
causes: H | .
'(a) jg]ucoSuria, (i.e. spilling Cs
glucose in urine)
(b) restricted g]uconeogeneSis
(c) increased g]yco]ysis or con-
version of G-6-P via the
péntdse'monOphosphafe shunt.
(d) defédtivé ]iveriglycogen
stonage and reiéase. |
(e) increased ]ipogeneSis:and“
convefsidn»into non-f |
o eSsential‘amino atids.
B Tnese‘havé been éxamined to somé eXtent,-and
are discussed }n course under the respective paraméters,
,namely urinary giucose level, glycogen 1so]ation and

]46 -glucose in vivo oxidatiOn,'V

structure determination,

G-G-PDH determination; giycogen cygyéenzymés'assay,

J glucos in vivo qdniersiqnvto iipidQ glycogennand prbfein,

and the assay of plasma free amino acids.
- <) _ . L

.

o
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34 Effect of spb;total nephrectomy and
- restricted diet on plasma glucose.
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7. .Urinary G]ucose Leve]s in

_Uremlc, Sham Operated and

Restricted Diet Rats (Table X)

Urinary g]hcose'1eve1s in uremic rats (for 3
consecuttve 24 hour periods after_{9 weeks:of nephrectomy)
were 12:3 mg% to 24+4 mg¥% which:is much lower thandthe: |
';correspndjng values of 15%1 to 141225 mg%"in RD'rate'and
26+2 to 103:17 mg% in SO'rat urine. - The corresponding L '@ﬁﬁ

plasma glucose in uremic, restr1cted d1et and sham

’operated rats-are 45+16 mg%, 4115 mg% and 7217 mg% -
Z respect1ve1y (Iab]e Vi). This indicates that in theiuremlc

'the p]asma glucose level 1is be]ow norma] and the urlne

P
; I

g]ucose level is too 1ow to be pos1t1ve This conflrms that
hypoglycemia in the urem1cs is not due. to spilling: of g]ucose
©in the urine but due to an abnorma11ty of- glucose metabollsm
Our f1nd1ngs are contrary to those ‘of Himsworth et al. who
observed that in advanced b11atera1 rena] d1sease, re-
Aabsorptlon of g]ucose is reduced in consequence of 1ncreased
tubular urine flow.and en]argement ofvthe tubular dlameter 1n
the res1dua1 funct1on1ng nephrons (Abstract #944 in 185)

In %P rats. 1ow plasma g]ucose and a positive urine
test suggest<%hat sp1111ng of glucose in the unlne is> one of
‘the factors responsible for 1ow plasma g]ucose 1evels, 1h,
addltlon to reduced g]uconeogenes1s In SO rats, the normal
B plasma glucose 1evels and the p051t1ve urine test 1nd1cate a

lowered rena? thresho]d (372). However, in all three groups

)
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the comb1s1t1x-tests were negat1ve for urine g]ucose

Ur1nary protein output was h1gher in uremics
(300 mg%) and RD rats (300 mg%) than in SO ratsv(100 mg%).
'”Th1s 1nd1cates an increased concentration in the'g1omeru1ar
filtrate, decreased reabsorptlon or its dlffu51on from
damaged tubu]ar ce11s into the urine in the case of uremics
and tissue metabo115m in case of RD rats. Prote1n excretion
is ]ess in tubular than a glomerular damage (57). |
| | Urinary pH was 9.00 in all three exper1menta1
groups/ (e.qg. U, RD and SO) An alkaline urine is normally
;excreted if there is an excess of base or atiali in the body,
- if there is bacterial’conversion of urea to ammonia or
}urwnary tract infection or if the dlet conta1ns an excess
_ of a]ka11 (372) The normal rats excretlon of a]kallne
urine may be due to one of these causes ‘ "

. | In tubular ac1dos1s the k1dney ]oses 1ts ab111ty
'tovexcrete an ac1d urine. The excret1on of ammonia is -
reduced and the»éihne contains blcarbonate, probab]y due to
def1c1ency of carbon1c anhydrase Th1s mlght ! = the reason
~ for the a]ka]1%e ‘pH seen 1n the uremic rats (76) However,
}urlnary pH also measures the distal tubu]ar funct1on
However, alkalosis as shown by urinary pH in. uremla 1s 1n-
agreement w1th hypog]gcemla as observed in urem1c rats :
Acidosis causes rapld g]ycogeno]ys1s with. g]ucosurla and S
hyperglycem1a, both of wh1cﬂ7are absent in our uremlcs e

(227, 228)
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Urine volume over the period of study was always:
much larger in uremic rats (17 m1-81 m1) thah those ih RD |
(2 m1-14 m1) and SO (3 m1-8.5 m]). The polyuria as seen jnn
.uremics‘is in line with what wou]d-be eXpected. RD rets
show oliguria which is in line with the'output of urinary
protein associated with starvation. The overa]] effect‘in
uremia seems to be pr1mar11y due to the effect of sub tota]
nephrectomy (1. .‘ur1ne volume 1s 1ncreased or decreased

3uggesting isosthenur1a)'(372). \\ v

8. The Effect of Physic.el ‘Forms of
| Food on SGOT, Serum CPK, and Other
Re]ateq.Perameters'tn U, RD and SO
Rats (Tab]e XI); | | |
_To_standerdiee the diet'reStricted rats, the
'necessity for determinationeof.Ehe:minimum food intake of
the qremic rats arese. ,Thfs was done by giving urémtc
rats a7measured quehtity of.powdered'diet daiiy over a
period of 3 to 4 weeks' The minimum food 1ntake of the
‘uremic rats'(=23 g/day/rat) was thus determ1ned and th1s
amdpht-was given constantly to.the restr1cted d1et group to
_haintain’partiailstarvétioh.’ Therefore, this a]so,
hecessitated the”comparison pf_the,effect of pe]]etvand'
powdered forms.of:food on U, RD end»SO rats. ATf e&perif
‘mental groups thereefter were m%intained on pel]et'diet
“This table shows no s1gn1f1cant difference, w1th respect to
the phys1ca1 #%rm of the dlet in any of the biochemlcal
,parameters, name]y, SGOT, a]kallne phosphatase, g1ucose and

_BUN stud1ed aver a per1od of 15 weeks This also spggests



that”the absorption of food in U, RD and SO is not affected
by the form in whlch ‘it is given. This supports the

,f1nd1ngs oFrothers (291)

In Vivo Oxidation of Intra- ¥

~ Glucoseaby U and SO Rats .
.(Table VIII)

The T (time of maximum rate in m1n) for CO2
exha]at1on in sub- tota1 ephrectom1zed rats was. nearly’
ha]f (46 -50%) that requ1red by the $0 rats, when C- 1
Uf]abe]]ed glucose was admlnlstered, w1th U-]dc g]ucose
adm1n1strat1on the T requ1red Sn U rats was 0 to 42%

.'The_ratefof conversion (as a % of the‘dose) of ]4C 1-7
enca 14 Lo 14

“'glucose.and C-u- glucose to CO2 by U rats was s1gn1f1cant

1rrespect1ve of the. pos1t1on of . ]abe]]ing The tota] con-
version was'ca 74% (the range Ee1ng 3 7 to 7. 9% of the

dose in U rats and 0.5 to 2.9% of. the dose ioon rats)

.higher in the U rats than the S0 rats for e glucose;
and 170% (the range being 2.9 to 9.6% of the dose forFU

rats and 1.7 to 3. 3% of the dose for SO rats) hlgher in U

14 , ’

rats for C-U- glutose

Acce]eratlon of glucose oxidatlon (179) and
,1nh1b1tion of ox1dat1ve phosohory]atlon 1n uremia is

well known (182). It has been suggested by Bloo _t 1.

(378) that CO2 w111 be derived from C ] g]ucose exc]usively
‘1f and on]y 1f the hexos!.P regenerated by the cycle is

o

236
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'constra1ned from ox1d7t10n in. favour of the hexose P
added or1glna1}y, but 1ﬁ4remeved then CO2 can be obtained
from other n051t10ns by rearrangemé/t " Qur data stports
‘. =the latter poss1b111ty, and a1so lmpllcates the pentose
monopﬁbsphate shunt as being more\effe£t1ve in u;¥m1cs
The‘accpmp]1shment of th1s pathwaf\?s net ox1dat10n of
g]ucose as an end 1tse1f but ather its conver51on to

precursors'as a mea s for the biosynthesis of:

i. ~ F cose S, »
“\\\\ é;}u nucleotides.and derivatives, co-enzymes,
/ . Tii. fatty acids, steroids, etc., and
‘ iv. NADPH, a source of reduc1ng power for

these b1osynthet1c routes - These data a]so suggest the l-;
ﬁ‘posslb111ty of 1ncreased aet1v1ty of pentose monophosphate
shunt enzvmesv1n.the urem1c condit1pn. They suggest as
— we]]bthat-g]ucose hahaiing in uremiclrats proceeds more

o '

'through the ox1dat1ve pathway, wh1ch 1s the major SOurce

.4of CO2 product1on

10." Hepatic G]ycogen Structure

~ in Uremia (Table IX)

- "~
- The structura] analy51s of hepatlc g]ycogen

'_obta1ned from 4- 1/2 week. postoperat1ve uremic rats showed A

s1gn1f1cant'd1fferences 1nuterms of:

N
o



A~ | i.  the number'Offnon-redulﬁng ends (67%
higher) and I,G-bonds'(branching-points,l70%ehigher)
14 . '

ii. the nUmher of segments'per mole (68%
~more) and-

2 iii. the number of glucose residues per

.segment (50% 1es§). E]ectron microscopy of hepatic‘tissues’

~of U rats reflected the changes as an abnormal'deposition of -

~glycogen (fig' 27) However, surpr1s1ngly, the molecu]ar
a«uv»

weight of g]ycogen from both sources showed no s1gd1f1cant

d1fferences, suggested a change 1nlthe 1ntra mo]egu]ar

structural arrangement, and p0551b1y 1rregu]ar1g~””"
F

g]ycogen cycle enzymes, name]y, synthetase, phqsphory]ase,

and the branching enzyme, amy10n1,6-glucos1dasez

. The increase'in”the nUmber of hepatic glycogen.mo— i

1ecu1ar segments (by 68%) along with a decrease in the
:number of g]ucose res1dues per segment (by about 50%) in
uremia probably suggests ‘that the tendency to branch1ng is

_more than towards the proport1onate 1engthening of th§

238

structure, due to the "ompet1t1ve 1nf1uence of the @?anohing,.

‘Q‘.

to the change in the equllmbrlum in the mllnEu, 1n the
"uremic environments (1 ,21,100,103, 108,112, 122 133 169)
APhosphorylase, an enzyme of dua] functlon; aﬁhs glucose

\K»

and,synthetase ta@akyzes only

:’
resxdues to l 4 - g]ucose chain;
7 52
formation of ax- ] 4- bonds, the branchlng enzyme ac,s

-.these ‘chains to convert some- of the 1@4 1inkages to.1;

. :

enzyme over the cha1n ‘engthening enzyme Th%ébyould be dug :
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T

‘11n$ages, form1ng branch1ng (238). .

The muscle enzymes, unllke the liver glycogen
S

_cyc]e enzymes, are uhder separate gene- control. The 1ncrease
in. branch1ng 1n the uremlc hepat1c g]ycogen suggests an

alteration in the norma] act1v1ty of amylo-1,6- g]ucos1dase
T
towards 1ncreas1ng conver51on of 1,4- 11nkag 5 to 1,6-Tinkages

:compared to norma] rat ‘glycogen. Branch1ng‘enzymes and

4{)‘5‘\'

phospho?ydase are known to be more actlve in large white-

f1bres, wh11e UDP- g]ucosy] transferase act1v1ty is con-

W \

“centrated 1n the small red flbres of rat ske]eta] musc]e

-(245), but we. do not know the partmtlon concentrat1on or

3

‘compartmenta11zat1on of these enzymes 1n.the 11ver. It is

“perhaps, this a]teration in compartmentaliiation in the

-~

uremic liver (of these g]ycogen cycle enzymes) wh1ch 1s.
'respons1b1e for the d1fferent1a1 structures " This: yet has
to be. exp]ored however‘\Tt 15 the "spec1f1c1ty of thls N
"branch1ng enzyme' Awh1ch determ1nes the 1nter branch |

< - 4

.d1stance along . the g1ycogen chain (246 238) 4

lll; Hepat1c Glycogen Content and the
Correspondlng Blochemlcal Parameters

in Urem1a (Tables|XII“and KIII).

Hepatlc g]ycogen ’itent in urem1a over a

. .;f-./f.~ 7
per1od of 1 to 19 weeks shoﬁ é%+2 6 mg% (P<0. 02%) in-

contrast to SO rats (3.9 mg%\l’ﬁ),°hepat1c g]ycogen

content in RD rats was rot s1gn1f1cant1y different Trom SO
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contrOTS Per1odic study shows that there is a tendency 1n-
the urem1c liver for abnormal dep051t10n of gTycogen These
b1ochem1ca1 f1nd1ngs though stat1st1caTTy 1n519n1f1cant
(P<0.01 to 0.40), are nonethe]ess, supported by electron
‘m1croscopy (see flgs‘ 27,28, and 29) in! many cases.

The electron n1cr0560py reveals the gTycogen
deposition in the 11ver in the same decrea51ng order of U
- RD and SO rats as seen by b1ochem1ca1 iso at1on and gr%§1-v
metric determ1nat1on The abnormallty of 1ncrea51ng -
»

depOSItion is shown to a greater degree in the 1 to 9 week

than TO ‘to 19. week post- operat1ve per\od

o

T

‘The rate of 1ntest1na] absorpt1on, and metabo]1sm
of absorbed substances, prote1n dlet, and phy5101091ca1 e
;changes are known to contr%l t1ssue glycogen format1on For.f
exampge, in proTonged starvat1on, because of ]oss of the
Capacity to ox1d12e g]ucose whepat1c g]ycogen is more prone
to ‘Conversion. | ' | |

54&3 ) Therefore,'dn fasted animals or in aminals inithe
;uremlc cond1t1on, where Toss of appat1te or fast1ng is a
. secondary aspect, one, shou]d expect to have a better g]uco-~
neogenesis from t1ssue prote1n to. yle]d the larger quantity
of g]ucose to t1§sues . ; . . | '

‘v:-ﬂy However, éﬁéﬁhlgher 11ver glycogen content and low 1?'

'plasma sugar inﬁ%bth uremic and restrlcted diet. rats seem. |
to be paradoxica]. The maintenance of hlgh,]lver glycogen,‘dn

the starvation or‘semi—starvation condition of RD and U rats,
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is on]y poss1b1e by the" t1ssue prote1n effect or a high
protein diet. As will be "shown later in scrut1ny of
individual cases, the levels of the individual g]ycogen
cycle enzyme activities are comp&tib]e.with the‘
correspondlng species liver g]ycogen content ‘This is in
~line w1th the general agreement that there is a re]at10n-
‘Jchip between the g]ycogen content of the tissues and
respective t1ssue g]ycogen cyc]e enzyme act1v1t1es (245).

L However, our results suggest that there is
\

—

‘ abnormal deposit1on of hepat1c'g1ycogen_1n the-urem1c state.
The periodic tendency of restoring hepatic:g]ycogen levels
to norma] ref]ects the endeaver of theianimalt(made
through homeostas1s)to recover from the uremic effects

without much permanent success. .
T

Our f1nd1ngs of abnorma] g]ycogen depos1t1on in
urem1c liver are largely compat1b]e with our f1nd1ngs of
g]ycogen cyc]e enzymic act1v1t1es 1n most of the perlods o

studied, but are in contradiction,withmthe findings of

ﬂCohen et al. (289) that'dfminished hepatic egcogen stores
are secondary to g1ycogen synthesis or re]ease ‘Dzd?f@k

gtk_lb (290) and Boucot et al. (291) demonsfrated normal

Y
liver g]ycogen content in uremlc patlents and in acutely\/

I
N

and chronlcally uremic rats.

Our flndlngs were a]so conflrmed by 1n v1vo

14

‘convers1on of C-glucose to glycogen in urem1c._sham

operated and restrlcted diet rats (Tables XXII and XXIII).

ié%;'f.ﬁh - S Ty
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| Uremic hepatic glycogen stores on a 1iver mass basis were
highest fo!lowed by the RD and SO groups (Table XXII).
The d1str1bﬁthon of ]4C—glucose label in glycogen on a per
cent of liver basis was highest»in RD,‘followed by SO and U,
.- but when 1eyels are expressed per 100 g of liver g]ycogen'the
appearance of ]46-91ucose,1abe1 was second‘highest in U,
followed by SO and preceded E; RD (Table XXIII). Isolation

of. hepat1c g]ycogen was done by the grav1metr1c method of

B]oo t al. (331) who . reported more than 80% extraction

o

‘; w1thout causing alterat1on of native mo]ecu]ar state, un11ke

cTassﬂ4ull\g§lger\uethods | ‘
Since March 2T“T854\uhen Claude Bernard presented

to the Soc1ete de B1o]og1e in Paris the report of isolation
~of g1ycogen from ]1ver, so]ub111z1ng of tissue in hot alkalll

_ has been used to- extract g]ycogen from tissue. The |
glycogen prec1p1tatedby ethano] from the a]kall extracts
conta1n certa1n fore1gn mater1als which 1nterfere w1th
quant1tat1ve estlmatlon of the carbohydrate (231, 232) but._
g]ycogen prec1p1tated from cold TCA is comp]ete]y free from

ﬁ1nterferr1ng fore1qn mater1als, a]so, un]lke the drast1c

| a1k1a1 extract1on, 1ts‘nat1ve_molecu1ar structure rema;ns‘
intact. 'The extract ('TCA superhatant') is}desighated as.

_thel“free" form (233 ]7); an extractedv“fixed" glycogen

“remains with TCA prec1p1tate and can be extracted with hot
a]kall Some 1nvestlgators useéathls method to dlfferentiate
25

two g]ycogen types while other ade djfferentat1on by



extract1ng with co]d and hot TCA (383 384) (co]d TCA extract
being "free" and hot TCA extract "fixed" forms) to subst1tute
’for the hot a1ka11 extraction method. -Some. claim (381 385)

‘the "fixed" fractlon to be more act1ve while others found the'
; &)

~

"free" form to be metabol1ca1ff more actlve (386,387).

Meyer and Zalta (218) do not subscr1be to- these v1ews a]_",,_\,-‘,’~
thfs separation into two forms of~g]ycogen.v Carole et ;Yih
(380)‘c]aim‘that the_material measured aS'fixed is not
ig]ycogen, as chemiCaf]y andychrbmatograpﬁica11y it behaved
’as a po]ymer of glucose similar to g]ycogen (219) and the
enzymat1c degradat1on of the’ “f1xed" fract1on did not
“differentiate-it from the "free"form (388). Hanson et al.

(389) extracted 87% of 11ver g]ycogen wh1]e Bloom et al.
(331) extracted 85% of liver glycogen by using cold 10% TCA
method “ The’ use of the cold 10% TCA method of 8160m : a]

(331) was based upon this rat1ona]e

Biochemical parameters and hepatic g]ycogen.cdntent

The range of BUN (68£18 to t41:30) in uremic rats
,?does not seem to have any quant1tat1ve effect on the . o
f’}g]ycogen content -and the correspond1ng SGOT, serum CPK,
“7,p1asma, a]ka11ne phosphatase act1v1thes and p]asma g]ucosea;

levels.

243
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12.- Percent'Autolysis (at 25°C) of
‘Hepatic G]ycogen in U, SO,‘and'
RD Rats (Table XIV) |
Exposure of liver obtained from U, SO and RD
rats 19 Weeks'post—eperative!y, at 2§°C for half an hour,
- showed that uremic liver underwent nc detectable loss of
jglchgenvwhiJe loss of glycogen in SO and(RD Under'the same °
f condftion was 41:2%v(P50.20) and 31:9% (PéO.Zﬁ%,. |
respective]y.' Autolysis for a longer period (90 minutes)
of exposure resulted in a 36% Toss ofturemic hepatic
glycogen (P<0.10) with corresponding fos%es of 58% and 41%
(P<0.25) fof SO and RD_ratShepatic glycogen,‘reSpectiver.
. Autolysis is a combined and concerted.action of
amylases (a and B), phosphory]ases (a and b) and amy]o -1 6-
"glucos1dase a- amy]ase causes random hydrolysis of the‘
sha D(1+4) 11nkage in both: exter1or and interior g]ycogen
chains, glv1ng.ma1tose (220) B- amy]ase causes a stepw1se
catalysis of the alternate 11nkages in an a- (1»4) linked D-
glucose residues, liberating maltose (221); it starts at the
‘non-reductng'end bf the”chain and proceeds until 1,6-amy]o~
glucosxd1c 11nkage is reached \ Thus, it is confined to the
exterior port1ons of the chain, producing the h1gh molecular O
}welght 11m1t dextr1n (8- dextrin), or maltose, concavn1ng all |
the 1nter cha1n linkages. ' |
Phosphory1ase (222) 1in the presence of P ‘removes

- D-glucose residues from the exterior chain of glycogen,
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producing G—]-P by phosphorolysis of the ],4;g1ucosidic
linkage, in sih;fﬁﬁ?%eps; it caqnot'by-bass inter-chain
1fnkages. 'Amy10—1,6-glucosidase_then hydrolyses 1,6~
glucosidic bonds of the g-limit dextrin (224) to release |
glucose. | | ‘ |
Our results showed that a]i bf these enz}mes in
uremic liver are a]mdst inactive invthe first'30aminutes, .
to and become only“4d%*active'in the 90 minutes:periodecom—
pared to SO and RD controls. The reason is“herdito ascribe.
- . This effect may also exp1ainvkhy uremie rats'caﬁhof tolerate
‘withdrawal of food. for more than 4 to 6 houfé; This peﬁade§4
~seems to be in line with'the findings of.Hugchingseet al.
v(265) who exp1a1ned the, cause of g]ucose lntolerance, 1n
long term 1nterm1ttent d1a1y51s patients, to result from a
s]owed rate of g]ycogeno]ySIS. However, our f1nd1ngs at’
;:1east partially account for the hypoglycemia as observed in

/ L

sub-totally nephrectom1zed,rats.

13. Glycogen Cyc]e Enzymes and the i

Pentose MoBophosphate Shunt Enzyme

;(a) Musc&e and'L1ver Amy1o-1 6-
Glucos1dase Activ1t1es in U, f;*

,' RD and 50 (Tab]e XV and xv1)

In uremi' musc]e; branching enzyme actdvity in'
T o

-‘v°the 1 to 9 week post operat1ve period shows no change'

s

:(3%,»P501495) by Hers units, and a.decrease QZ?%, P20.10)
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in terms of uM glucose per g tissue per hour, wherees in the
second post-operative period of 10 to 19 weeks, activlty was }b
,sfgniticantly decreased-(by 41 to 59% PSOtOOZS to OtOS) when
cohpared to SO. In RD rat moscle.there is av29%'increase
(P<0.15) inhthe first period and 15 to 17% decrease (P£0.30)
in the.second period compared to control, both of which are
insignificant.

| Compared to muscle. act1v1ty, ‘amylo-1 »6-glucosidase
‘activity 1n urem1c llver was about 12% h1gher in the first
1 to 9 week post-operative period and 25% lower in the
Asecond'perlod (lO to 19 week”postuoperative period), where as
- in RD liver, it was lowered by 40% in the first perlod by 14%
. in the second period. - This indicates thatdthe decreased
activity in uremic liver in the second period'might be'partlybn

due to decreased food intake, ‘in add1t1on to the uremic

-

effect

The tendenCy for amylo-1 6-glucosidase activity to

Vlncrease in the flrst period and to decrease in the second

1

'per1od L& both U and RD muscle is very significant in that

Vv ;\ .

there. mlﬁmt be a homeostat1c effort to ma1nta1n the 1ntra-
82

molecular firucture of glycogen Although an 1ncrease in

or synthetase : dwever, the.activity of glucosidase in U and-

RD liver shows bhe' inverse effect (i.e. in U rats it
increases in the first;period'with correspohding decrease in.

4.
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~ RD followed by decrease‘in U with cOrrespdnding increase in

~RD in the second period). This 1nd1cates that in U rats the\
~amylo-1 6 qucos1dase activity is 1ndependent of semi-

starvation, condition. When compared to the flnd1ngs of -
" hepatic glycogen sfructure 1n the uremic rat, thIS act1v1ty
correlates very well (i;e; in the same per1od, a 17% 1ncrease
of amy]o-I,6-qucbsidase act1v1tx caused about a 70%_1ncrease
of branching poInts wiih‘68% increment ofvsegments and 67i
increment of non-reducing ends in the"glycogen Structure

(Table IX). This is‘confirmed by the fact that in the same
perfod that glucose res1dues per segment 1n the uremic v_
hepat1c egcogen moIecuIe (Table IX) decreased p} 44%, the '_ .
synthetase act1v1ty (whlch adds glucose to the chaln) shows
a decrease of 25- 66% (P 0.005 to O. 05) (Table XVIII) .
Again, the per1od1c change of glycogen stores in urem1c
rats corre]ates very well w1th,the decrease of synthetase

. L@ : - : A
activity and phosphorylase activity. v

e(b) "MuiSﬁe and Liver Synthetase

‘I and 'D' Activities

. A )
p %e. P
8% .{é'-;fﬁ

~"  (Table XVII and XVIII)

Uremic muscle has twice the amount of
synthetase 'I' and almost three times the amount of '
synthetase D activity as the liver in the firét'pertod;

while in the second period muscIe,synthetaée "I' activity

#

equals that. of the liver, although muscl= synthetase ‘D!

-
r{\/'
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act1v1ty 1s st111 twice as much as liver synthetase ‘D'

_act1y1ty In the muscle of RD rats the same act1v1ty of

'synthetase 'I'gas observed as in the 11ver in both per1ods,

¥

 but synthetasekb act1v1ty in RD musc]e is almost doub]e
. compared to those in 11ver {n both perlods Th]S shoWs that
;ithe synthetase act1w1ty in mustcle | of both U and RD rats

“much higher thqn the act1v1ty in liver.

Compared to SO contro]s, uremic muscle syntnetase
‘1" is increased by 170% (PS0.0l) in f1rst per1od and
marginally increased (14% P<0 25) in the second perlod whl]e

the correspondlng figure in uremic: 11ver is qu1te opp051te

(i.e. decreased by 25% (PS0.0S) and 6% (PS0.00S)) in the

v second per1od. The restr1cted d1et rat liver synthetase 'I'}'

activity shows a decrease to the same extent as that of
uremic liver in the f1rst period but in the second period o

RD 11ver enzyme decreased by a factor of 3 times. that of U.

“

- liver enzyme. Th1s suggests that perhaps in the first

per1od the urem1c effect on enzyme was part]y due to the
sem1-starvat1on cond1t1on, but in the second perlod the:
effect entirely due to uremia. | » |

Synthetase dbf is decreased by 66% and. 18% (about
1/4 of the f1rst per]od effect) in the uremic rat 11ver in
first and second perlod respectlve]y, whlch in restrlcted

diet rat llver it is decreased by 35% and 17% (]/2 of the

-flrst per1od effect) in first and second per1od respect1ve1y

compared to contro] ThlS suggests that the effect in the



Wm%effect seems to be due_to more starvatlon . =
] o o D
ﬁ@ ga w?'-,‘Compared to synthetase 'D! act1v1ty,_the act1v1ty
@f | of synthetase ‘T' “is much h1gher in both urem1c musc]e and

ol
S

E

."_ }»
v

N : o
R

enzymeﬁﬁs bart]y due to uremia and part]y due to semi--

starvat1on in-the flrst period while in second period the

11ver, suggest1ng that G 6-P in’ uremla is elther dep]eted

or very limited. Consequently, synthetase 'D"1s inactive

in uremia 1rrespect1ve of first and- second perlods

wHowever, the oppos1te is .true for RD synthetase in both.

2

muscle and liver &T.eW*1n RD rats, synthetase"D' is more

active than,'{V; mean{ng more avai]ability of GQB-P). The..

increased athvtty of G-6- ﬁﬁ% in uremia, in addition to

other factors, may ‘well 11m1t the G-6-P. Free UDP, which

accumu]ates 1f the supp]y of both ATP and glucose is

11m1ted 1nh1b1ts the phosphoenzyme gsynthetase "D“)
strong]y g]ycogen synthetase phosphatase converts "D"

(phosphoenzyme) to_"I".(dephosphoenzyme),‘and is inhibited

by glycogen 1tse1f. _Conseqnentiy;“if glycogen is depleted,

the."I" form“dominates (as seen in uremic muscle and to a

11 lesser extent'incUremic 1iven, Table XVII and XVIII),'as

“»nga1n, the d1m1nlshed g]ycogen concentration releases

"the glycogen concentrat1on 1ncreases, the "D" form 1ncreases

g]ucagon from ‘the pancreas and eplnephrlne from adrena1
medu]]a, caus1ng g]ycogeno]y51s ' Insulln does~the :
oppos1te, 1t enhances g]ycogen synthetase actiVIty

(i.e. 1nsu11n 1nsuff1c1ency should ‘decrease’ g]ycogen.

J .
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synthetase activity and consequently lTiver glycogen
formation) increases the operat1on'pf phosphogluconate
pathway to provide NADPH for increased fatty acid:

synthesis (247 213) , Insu11n adm1n1strat10n usually in-

‘creases muscle glycogen but not 11ver g]ycogen, and' oxygen

is necessary for g]ycogen,synthes1s.’ Also, g]ucocort1c01ds ]
increase g]uconebgenesjs;‘and tend to increase liver |
glycogen by‘augmeoting the $upp1y‘of_glucose from}non—
carbohydrate precursors; thi; favours aCCumu1ation*of.1iver

glycogen. Excessive thyroid hormone mobiiize and cause-

4disappearanoe’of 1iver:g1&cogen (213.,247).

_‘._'/
However, we. have observed that glycogen formatlon

‘ 1n the uremic 11ver is not decreased On the contrary,

muscle synthetase act1v1ty has been shown to be 1ncreased

by 170% in our uremic rats a]thowgh in” urem1c rat 11ver,

+

S
it shows a tendency towards decrease and uremic plasma

shows‘hypogTycemia and~increa5ed'liver G-GePDH,activity

(by Whicﬁlno ATP is Supp]ied) A1 of these favour the

"“idea that insulin 1nsuff1c1ency may not occur: 1n sub- tota]

nephrectomy. Ava11ab1e data suggest that 1n nephrectomy

’_there is‘a-pro]ongedha]f life of insulin (254), and that

hYperinsulinemia in uremia does'oCcur'(265,275,276),

(c) Muscle and Liver‘a—Glocah~
Phospbory]ase ‘al and ‘bt
Activities.(tables XIX and XX)

In uremia muscle total phosphorylase activity,

expressed as the ratio of 'a' to 'atb', is decreased

¢
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by 41% (Tab]e XIX)'in first period of 1 to‘9‘weeks and bw
12% in the second perlod of 10 to 19 weeks, wh1le 1n the
uremic 11ver it is doubled in the first perlod and shows no
change in the second perlod In RD musc]e, the.rat1o is
'decreased by 60% in the first per1od and by 40% in the
second per1od, wh11e in RD liver it shows the oppos1te
‘result, increasing by 42% in the first per1od and show1n;
‘no changelgn the\second-per1od. Th1s suggests that the
effectvof urEmfa‘on thfs enzyme may be an accumu]ative
effect of uremia and ‘starvation. _ "Both the act1v1ty of the
"a'l form (1ndependent of AMP) and the ‘bt form (AMP

jdependent) were the same 1n urem1c muscle in the f1rst

per1od but in the second~per10d thel'b form was doubT“d\\
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_1nd1cat1ng an 1ncreased concentrat1on of AMP.. However, the ”

. i .

latter effect preya1ls in the RD_anTmals ﬂ1.e. the 'b' form
' . e L v

form aCtivity) suggesting

activity is 2 to 3~times the 'a

','that in: restr1cted die't, atcumu]at1on of AMP might. have

triggered this. phenomenon ‘However, in SO, the 'b' form .

becomes tw1ce.as_act1ve as the

.suggestind;thg normaffactfvity of_phosphorylasefin u and RD

mUscle}/ - N ' A
| In contrast to the S0 control, the activity]of

'a'-in both- Urem%clliver'ahd RD“]iVer have been shown to be‘
‘tw1ce/the act1v1ty of thee‘b"form, suggest1ng that perhaps K
AMP - ava11ab1]1ty in the 11veryhas been 11mtted by the semt-
starvation cond;tjon. Thrs analog might exp]aln the ready

-
) q!u_ .

1' ‘ R o ‘ : ‘ . -H.,ﬂ .

a'*form on]y'in'second,period;

:

!’:"
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‘revers1b111ty of the phosphorylase enzyme system for
synthes1s as we]l as for the breakdown of glycogen fhis
a]so reflects the fluctuating concentrat1on of glucagon and
ep1nephr1ne, the twoyfﬂnsu]1n antagon1sts o ',‘

fff\\ E An zncreaSe in the concentratlon of AMP, and a

decrease 1n the concentrat1on ATP and G-6-P st1mu1ates
: R

operation of phosphory]ase 'b'. This is the common rule

v

- Our f1nd1ng$of»11ver enzymes, show that G-6- PDH (as w111 be

P -

_d1scussed 1ater) 1ncreases and the phosphg nzyme.( D' .
_synthetase) decreases in uréh]a. Thereforef'n;turalTy; the
. poperatipn of phosphory1ase “b‘ shou]d bé expected to be_:,l

-tncreased, but'WhiCh7instead is decreased in both per1ods by
a';a1mOSt halftof-'af form. This paradox suggests ‘that perhaps-
glycogen 1n the liver 1s abundant in 1ts presence phosphory—f ;\\¥;'H
lase 'b{ is u1t1mate1y converted to phosphory]asev'a‘. » -
‘ The abnorma] g1ycogen storage, the 1ow amy]o 1 6-.
,Jg]ucos1dase act1v1ty, the decreased glycogen synthetase y,‘
| and the h1gh ratio of tota] phosphorylase act1v1ty suggest
| Jthat perhaps by reversal of the phosphory]ase pathway,
glycogen synthe51s is tak1ng place in. urem1a

Amytb 1 6 g]ucos1d55e, an a]ternat1ve pathway

o for:g1ycogen synthe51s.(228) from g]ucose, c1rcumvent the 3
HK PGM-phosphoryTasé seqdence A]though in th1s pathway
-.g]uCose is a better precursor for g]ycogen synthes§§.than o
‘:are G-6-P G-]-P thlS pathwax is ATP dependent and. s an -

gATP generattng system - Perhaps this is why amy]oel,ﬁﬁ-'

-’
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{
glucosidase, which is increased in thevfirst'periods;

decreases in the second period'of chronic uremia, in which

s

case g]ycogen synthetase and phosphory]ase take over (Table

XV to %X) utilizing G<6<P via UDP-G and G-1-P, respectively.a

. (d) Liver 6-6-PDH Activity

(Table XXI) 4
A 65% (P<0 005) actlvatlon of liver G 6-PDH occurs
in uremia in the 1 to 9 week-per1od 63% act1vat10n (PiO OOOSﬂ_

&

occurs in the second post- operat1ve period, as compared to-

‘the SO 11ver enzyme In contrast RD'11ver enzyme shows

0. 73% act1vatlon (P<0 49) 1n the f1rst per1od and 18%

(P20.20) in the second period, both @f which are stat15t1ca11y

1ns1gn1f1cant |
These results c1ear1ylshow the effect of uremiec
aione»on the enzyme. Maer et a] (195) demonstrated no
effect on G-6-PDH 24 hours after b1]atera] nephrectomyﬁ
i

a]thOugh they d1d see a decrease 1n-HK GK and PFK " Fowever,,

our resu]ts suggest that there shou]d not be any effect

‘(due to subjtota],nephrectomy) on the glyco]ytlc pathway up

N
to the G-6-P production stage-(l,e. HK and GK). This "is

supported by the work of others (175). . The red biood cell:
enzyme G 6 PDH is known to be 1ncreased in urem1c sere 85)

whereas,the erythrocyte enzyme transketolase, which 1is
B . \ N Py ©. - L

zthfamdne pyrophosphosphate'debendent,lis reported*to ae

depressed by.uremﬁc plasma (177):
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: The pentose monophosphatershunt pathway #g an
~oxidative pathway, second on]y to the non anaeroblc

glycolytic péthway By th1s pathway, total combust1on of
.glucose occurs 1nde;énoent]y of TCA oycle | If there 1s

any. Pasteur effect (1 1nh1b1t10n of g]yco]y51s b} oxygen)
beyond G- 6 P due to ure£1a theh the on]y obv1ous/way of

.glucose combust1on 15 to shuht G- 6 P to the Pentose mono—
phosphate;nthway, this woqu take care of the combust1on of

glucose Th1s “hexose monophosphate shunt is under the'

contro] of a ser1es of enzymes; G-G—PDH, 1somerases, trans-

[

keto]ases, and transa]do]ase A1l of these react1ons
1nteract together ]ead1ng to the ox1dat1ve convers1on of.

giucose elther to tr1ose.phosphate or ‘to COZ’ The net
reactiop'is:

Cw

c6 ]206“f 60, + f 36 ADP + < 36 P

0 + < %6 ATP

.‘.:'I‘,-, - s “ ” 6 C02 + 6 H2

I'n other words, 6 g]ucose 6 P+ 12 ‘NADP = 5 G 6-P

T ; . ¥ 6 CO, + 12 NADPH + 12 "N + Pe

) - | . /v . . . | ) _ . N
Or, 6 G-6-P'+ 6 0, » 5 G-6-P + 6 CO, + 6 Hp0 + P,
Thisfbathway'of o«idation of g]ucose is not an'end in itself

: but rather a means. to convert glucose to precursors for the

b1osynthes1s of pentose, nuc1eot1des, coenzymes, poly-
'saccharJdes, fatty(ac1ds, steroids and‘NgDPH (a reducing
'poWer,for‘these biosynthetic'rankS). Therefdre, it is

»

\/ ' : ) N
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: qu1te 1n 11ne with the biological demands which arlse when

‘an an)mqlfr.]under stress of uremia, for th1s pathway to

"operate;to'meet the animals' requ1rements for homeostasis.

o O Q 4 . _
g In Vivo Conver51on of ]4C u- D-

- ~Glucose 12 Hours After IP ¢
-InJect1on 1nto Protein, G]ycogen,,
» Lipid and Fatty Acids by Uremlc,
S ~’Sham Operated and Restricted Diet
‘Rats (Table XXII, XXIII, and XXIV)
¢ v . :
(a) Tissues Studied

The cpnstituents of yarious tissues weré assayed
- e 5 - Y , : ;

~

'tb,tompare,theih compbnent'distributions jﬁ U'rats‘With
‘those in RD. and SO.

, »{.v K1dney
< The res1dua1 renal maSS\(1/3 of the 51ngle
‘rema1n1ng k1dney) in urem1c rats expanded perhaps in an
attempt to compensate the nephrone f@%ct1on‘ 'It was equal

in we1ght to the §1ng]e k1dneys of QD and S0 rats

“}- . E o : ’ . . - -~
v _ ii. Liver
a The mean total Tiver mass of the uremic rat was

2

25% greater than the total liver nass of RD. and SO-rats-

.

‘Th1s Wiltl exp1a1n why the total g]ycogen content of urem1c‘

Tliver on a mass bas1s is hlgher than those in RD and SO
‘a1though on a per gram ‘basis the picture looks quite
. ¢ . . . . . ~ » to : ) ’

different.
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(b) Tissue Components

. Lipid B - | —

The d1str1but1on of 11p1d in the liver is- h1ghest

“in SO rats, fo]]owed by U/ /(P$0.025) and RD rats.(pso 025),

tfo]]owed by RD (P<0 01) and then U rats (PsO 05) However,,t

and in ad1pose tissue is again h1ghest in SO rats but

the d1str1but1on of 11p1d in muscle’ is h1ghest in RD rats:

- (P0.05) and lowest i so rats placing U.rats (P<0. 0005)‘

next to the RD group “These observat1ons are ‘in line w1th

the f1nd1ngs obtained ear11er, in that uremic and RD ]1ver

_show more .deposition of glycogen and that their muscu]ar

proteins utilization is a1so associated:with the semiF

starvation condition Paradox1ca1]y, the p]asma free fatty

fac1d level is hlghest in urem1a, suggestlng perhaps ‘a

degree of 11p01ys1s of ad1pose and musc]e 11p1ds to meet

the body demand to 1nh1b1t the1r own b}osynthes1s by feed—

back 1nh1b1t10n In g1ucose metabo1lsm, FFA is an end

product and is capab]e of selectlve]y 1nh1b1t1ng, in a dose

dependent fash1on, the key hepatlc enzymes of g1yco]ys1s

_ (GK PFK and PK.and lactate productlon from gﬁucose)

"_Our f1nd1ngs on G-6-PDH act1v1ty suggest no such inhibition

on.GK bgt below the G 6- P stage there seems to be some

1nh1b1t10n so that G-6- P is . channe]]ed through the pentose

monophosphate shun& " It is 11ke1y that serum HFA may have
some 1nh1b1tory effect on glycolytlc enzymes be]ow G-6-P

(e,g; PFK and PK). S

X
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Roodvoets-_t al. (189) observed'hyperlipemia-in‘
.chron1c rena] fa1]ure characterlzed by an 1ncrease in the
'.‘pre B- 11poprote1n, the maJor lipid fract1on of wh1ch
cons1sts_of 11p1ds, and‘tr1g1ycer1de (20)).< Tr1gTyceride,”
.however,”is.of endogenous origin peing synthesized mainly

\

in liver (201). Frederickson'él_al »(20])'found”that
*'plasma lipid accumulation const1tutes a type 1V hyper11po-
prote1nem1a, typ1ca11y carbohydrate 1nduc1b1e V
"High plasma FFA may - be due to either h1gh
»act1vaty of 11p@se or to slow d1sposa1 of p]asma fatty ac1dsl
due to urem1c dlsturbances In’ nephrot1c rats,‘]1ver
j metabollte patterns (for examp1e accumu]at1on of a- g]ycero-
phosphate) is conduc1ve to llpogene51s, as a g]ycerophosphate'
enhances fatty ac1d sﬁnthes1s (264) It has been recogn1zed
that 1ncreased g]ycolys1s is assoc1ated w1th 11pogenes1s or
1ncreased g]uconeogenes1s, amino. acid metabo]1sm and enhanced
5 fat ut111zat1on | F1nd1ngs @f 1ncreased p]asma FFA G 6 PDH

<. A

‘and muscle 11%1d in. urem1a support th1s content1on in part

R

&
o

Convers1on of ]4C glucose 1nto 11p1ds of. musc]e, adlpose
't1ssue and 11ver is- h1ghest in RD rats, fo]]owed by uremic

rats; In urem1a, the conver51on of. ]4C g]ucose into ]1p1d

‘are 84% in musc]e (P<Ov0025): 562% in ad1pose (PsO. 0005)

-and '52% in’ 11ver (P<0 005), as’ compared to SO In p]asma

FFA format1on from 14

C- g]ucose, the uremia was the 1owest
of the three'groups 5 hav1ng undergone a, 71% decrease

(P<0.0005) as;éompared to ‘SO. Th1s suggegts that the dose -

o
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"of ]4C glucose was not enough to produce FFA to such extent
’fas to show feed back 1nh1b1t10n of its own . b1osynthes1s. in
f'urem1a (wh1ch may have d1fferent b1ogen1c pattern than RD
bj:or SO) The poo]s of rad1oact1ve lipid in adipose tissue,
11ver and musc]e were not suff1c1ent in uremic rats to
»,'contr1bute to ]abe]ed p1asma FFA by. 11pogene515 However,
1§th1s po1nts out that there is: a d1fferent pattern of p]asma

FFA 11pogenes1s in urem1a e

: 3?,."\ C

| It has beén suggested that hyper11pnqenes1s ins

:nephrot1e rats may or may not occur, depend1ng on the -
'4manner o;\;nduct1on of nephr051si the sever1ty of the

d1sease and above a]] on ‘the synthe51s of. apol1poprote1n
:If 11pogenes1s 15 not 1ncreased once the apo]1poprote1n 1s»
fsynthes1zed the apb]1poprote1n may draw its 1Tp1d compohent
. from- preformed 11ver 11p1ds and produce a sh1ft in p]asma
“11ver 11p1d d1str1but1on w1thout great]y chang1ng thelr_
o pool s1ze (176) ‘ The ]arge poo] s1ze of 1abe]ed adipose
‘11p1d 1n our exper1ment supports the contentlon of others
:that g]ucose is. a good precursor of tr1g]ycer1de (135)
'm The 146 pool 512e 1s sma]ler 1n 1]ver than in musc]e than
h1n ad1pose {§ssue Th1s also supports other workers who
“;showed 1ncreased hyperllptdemla, and hepatlc accumu]at1on -
’iof trrg]ycer1des, cho]estero] and 10w’density 11po—p4 |
*;_protemns (206 207 ,168). . The” fall of p]asma ‘4c labeled FFA

14

observedﬂln our urem1c group. after C g]ucose 1n3ect1on is'

ﬂln agreement w1th the f1nd1ngs of Losowsky et a] (190)

';hwho reported a fa]l of FFA after IV 1n3ect1on/1f glucose

-

P
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Endogenous trid1yoerides are synthesiaea\hy
intestine and 11ver ce]]s, wh1ch after synthe51s, ‘secrete
into the c1rcu1at10n The one major mechan1sm for removal
‘of I1p1d-1s-V1a%j1poorotein lipase éctiv1ty, pnedominant]y
in adioose‘tiesue (390) Increased'endogenous synthesish'
ref]ects the ‘involvement of e]evated c1rcu1at1ng 1nsu11n |
Tevels (394,395). This increased level of 140 1abelted
11p1d 1n musc]e, 11ver and adlpose tlssue in the nephrotic
rafs once aga1n suggests as to the 1ncreased synthetase
- 'act1v1ty and G 6-P DH activity, that 1nsu11n levels m1ght
:Mbe e]evated This. d1sorder of 11p1d metabolism may poss1b1y

be due to carbohydrate 1nduct1on of the 11poprote1n |
abnorma11t1es, suggested mechan1sm 1nvo]ves impaired remova]
due to -a decrease in post hepar1n 11po]yt1c act1v1ty and
e]evated 1nsu11n 1evels which - st1mu1atp hepat1c tr\g]yceride
}synthes1s (39] 392 393) The 1ncreaseﬂ de9051t10n of
labelled ad1pose ]|p1d w1th a low level o#‘labe]]ed p]asma
FFA are in 11ne with the hypothes1s of tr\g]ycer1de
synphes1s and removalt Tr1g1ycer1des arevnormallygfdr@ed
?'by'simpTe esterification‘of ooth o{rculating.fatty aEdde\ﬁ'
| from ad1pose t1ssue stores and newly produced fatty acids
ider1ved from carbohydrate (]1pogenes1s).- L1pogenes1s\r
,requlres 1nsu]1n, the-compensafdry h}perinsulinism
%esociated‘with the uremit'state playe a=roTéhfn the -

’a]teratlon of tr1glycer1de transport. Cho]esterol phospho- o

, 11p1d and tr1g]ycer1de, three major 11p1d classes:i;;:#—\\q\tiztey .
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'. transported while linked to prote1n in so]ub]e molecular

-4
aggregates. - The important and major fract1on of the 11p1d

transport protein is the triglyceride rich, very low
’density'1ipopr6tein ("pre—B""or'q2 migrating in addition to
“albumin bound free fatty acids) which is known to be
“consistently elevated in uremia. These lipoprotein
vabnorma11t1es have been w1de]y recognlzed ‘to be a consequence
_of the protein urea associated.with the nephrotic syndrome
(396); The proteinuria observed in the nephrectomized rats
(Table X) supports this Tontention. | | |
Cii. Protein
Liver glycoprotein (TtA precibitate) elevation
was highest in RD rats (]92%) and then in the u rat (26%)
- as compared to the SO control group (P.0.0005): P]asma
protein-(TCA prec1p1tate) in the RD group decreased by'SSZ
*(Ps0.01) and in the U rats by 45% (P$0.025), ‘indicating that
elevated_synthesis'ot.protein nas perhaps eitherlabnormal
protein or incbmb]ete protein due to\non¥sense coding as. viAf
a‘consequenée of the cnmulative effects of ma]nutrition and’;-f
.nremﬁa,rqr due to the cdnversion of glUcose;into I?pids as;§?
- a conSeqnenee to the elaporation of lipoprotein.peptidesf;ﬁl

- L.

-(128‘129) : Ur1nary ]oss of p sma protein as. seen in -
i -

Tab]e X may be respons1b]e for the 1n§t1tut1on of combepsa-

_tory liver proteln synthes1s~‘éﬁht"_, the tlssue hype’

®
e

11p1dem1a seems to be re]ated to” tne ‘severity of protewnv

“urea and perhaps to the rate of. prote)n renewa].ﬁ This view

-~

-
4

. -
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has been shared by other workers who linked plasma protein
levels. to the extent of plasma lipid e]evation (397). The

p]asma,non-protein hitrogen (TCA supernatant) was highést in

RD (elevated by 8%; P%g;ngfﬁgijs was decreased in uremia by
o SO

18% (PSO 05) as eompared't This is quite in agreement

with our other f1nd1ngs of e]evated BUN in U and normal BUN

“in RD compared to SO rats (i.e. understandab]y mos t of NPN
in uremia is-channelled to urea synthesis). The conver51on
1

of 4C-g]uoose to gTycoprotein and the distribution ofvthe‘
“label in liver prote1n (TCA prec1p1tate)'of U,RD~and SO
.rats follow the same pattern in support of ‘the f1nd1ngs
(as above) of d1str1butlons of prote1n in U, RD and. SO rats.

14

»That is, 1ncorporat10n of C 1nto the rats resulted in Y

_ the ]argest increase in specific act1v1tyﬁof glycoprotein
of RD (146% 1ncrease) (P<oO. 0005) fo]]owed ky U (28% in-

crease'PS0.00ZS) as compared_to SO0. This 1s 1n agqeement'

‘with findings of others (347,128,127).

i, Glycogen : :fé%a
L1ver glycogen dlstrlbutlon was hrgheé% pn uremic -
‘rats (132% h1gher P<0 $005) fo]]owed by RD (77% h?ogfr
- P<0.0005) compared to SO. fIncorporat1on of JqC was onﬂ‘

. o Yo, -
whole liver mass ' highest in RD rats or per 100 g 11ver k

glycogen basis U as fompared to the SO. group
» The greater 1ncorporatxon of 14 into urem;s
hepat1c g]ycogen (1 13 . x 105 dpm/B. 52% g]ycogen) than that

. / ]

\n S0 hepat1c glycogen (5. 40 X 105 dpm/3.7 g¥% g]ycogen) is

261
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in agreement with the work of others who observed that at =~
the expense of incorporation into g]ycogenkof'a1] tissues

and peripheral fat and protein; enhancement of conversion

.of g]ucose carbons into the proteins and lipids of the'

p]asma and 11ver pool occurred (347). However, in con- -

s1derat1on of the conversion of ]4C intof1ipid, protein,

glycogen and FFA, the highest specific.activity appearance -

14

of the C-glucose in U rats was in glycoprotein foll_wed

by-hepatic glycogen, -liver lipid, muscle -lipid and then

~adipose Tipid. This was.also true for RD and SO rats.

Th1s means that in the t1ssues of the nephrot1c rats ‘there
is a sh1ft in the pattern of glucose ut1]1zat1on Glucose,
instead of be1ng'uti]ized for the synthesis of tissue
glycogen and peripheral fat and protein aloneq.undergoesi'
enhaoced conversfoh into p]aema and'liver proteins,.andh'
liver and other t1ssue 11p1ds Th1s preferent1a1 channeling
of, g]ucose to prOtEIJZ and 11p1ds only means that a large.
proport1on of the g]ucose is being ut111zed to enhance

their product1on

These f1nd1ngs are in agreement with the concept'

of Marsh t 1. (398,399) that in nephrosrs,_1ncreased

oy

mobilization of %eripherai carbohydrate, fat.and protein
reserves does occur. o N >
“{c) Distribution of '"c-Glucose,
as ¢ Dose in-Tissue (Table XX1V |
In urem1c rats..k1dney was the h1ghest rec1p1ent

of dose (0.16% P«0. 002) fo]lowed by muscle‘ 11ver, plasma.
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adipose tissue was the lowest recipient. . Conversion
~efficiency was highest in the liver, foquwed by .adipose

tissue. In RD'rats, the 1ivér_wds'thé'highest recipient

~.

(0.18% P<0.0005) followed by muéc]e,-kidney and adipose, _/\
tissue;'ﬁ]asma FFA was the lowest, showing a pattern similar

to the SO controls. This suggests that the;uremic effect

sing]esJBUt\other'effects’due to starvations in thé _ -t

14

channe]]ing of C-glucose into 11p1d,.prote1n and glycogen

v A

’~\1s contro]]ed by the eff1c1ency of the tissue, and - not by

14,

the concentrat1on of act1v1ty as’  C- glucose t Cumm1ng§

et»_l. 6292) reported‘1ncorporat1on¢of ]4C-gluc05e in CRFi

 rat Tiver gqupgen, and 1ipid, and 1'4(}02‘pv"oﬁduction. aé;‘
normal. . \\\\' . ' | . T
15. . The Plasma Aminogram in Uremic,
~ Restricted Diet and Sham Operated
o - Control Rats (Table XXV and XXVI)

oV
! ‘ _ ‘
‘In the uremic condition, in view of the com-
pensatory increase 1n plasma prote1n synthes1s (as observe¢;
" in our experimental data gescr1bgd above), the amino acid

.0

profile is very'interesting. It is known that‘gTucocoﬁiicoids

ind#éé“hepatic g]hconeogenesis from amino acids, %?a enhance -<j-v '

aclt ~

_mob111zét1on of am1no ac1d from extra hepat1c prote1ns by
increasing transport to the 11ver w1th the- consequent in?
creased 1evq1s of 'several amino ac1ds both in:1liver and
p]ﬁéma (400,401); ‘Thétljver synthet1c actithy,'part1cu1ar1y

increased transaminating and deaminating enzymes, draws amino
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acid from peripheral sources as evident from gxtensive
muscle’]oss in uremia similar to that seen in glucocorticoid

o0

‘ adm1n1strat1on (400 401)

(a)‘ Essentlal Vs Non- Essent1a1‘
| Amino Ac1ds .
The. tetal essentifal amino ac1d concentrat1on 1n
“the plasma of nephrectom1zed rats shows a stat1st1ca]1y
s1gn1f1cant decrease of 22 to 24% (P<0 0125), w1th
stat1st1ca1]y 1ns1gn1f1cant e]evat1on of a few (P<O. 45)
over both. per1ods/of 1 to 9 and 10 to 19 weeks. The total
non- essent1aﬁ amlno acid concentrat1ons 1n uremic rats |
show an increase of 13 to 55% (P$0.0125) kexcept g]ugamic,h
cvstine‘ahd. pro]ini with.ﬁ§0555,cb'0.25)z ‘The serine
concehtrafiop:decreased by‘]S to .18%, berhaps because of the
_“e]eVatioh of phOshhoserine'(Tab]e XXV) . This'decrease of
'hessential amind«acid concentrations and increase of non-
essential'am{ne?acid_co;centrations'shows an impairment of
the nutritional stacus That fs they have less essential

-

amino acids ava11ab1e for prote1n synthe51s ;
There 1s a slight decrease (7%) of tota] essent1a1
amino acgq and a sma]] decrease 6]]% of non-essential
ahind acids, in'Rblrats (Tabie XXVI). This is ‘in good
agreement w1th the norma] BUN level and the very increased
' prote1n synthes1s 1n RD rats (our data as descr1bed above)
and is in consonance with the e]evated activities of the

»

urea cycle enzymes in uremic rats.

o L
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K i - It has\geen reported that recyc]ed urea‘nitrogen

N

=
s gsed/1n urem1a for the synthesls of non “essential amino

P"k -

‘ac1ds,(141 143) “The n1troge3/1§*a]so ava11£:1e for the

d'synthesis of some essent1a1 -amino ac1ds Fft ir carbon
ske]etons are prov1ded in the diet (144—]45); perhaps‘the t

¢
b

nephrectom;zed rats cou]d not use th1s a]ternat1ve wh11e RD

rats could It has baen shown (146, 147 155) that prote1n‘,

>

restr1;}1on a]one reduced the act1v1ty of urea cycle enzymes

\
,\

arggnase synthetase system enzymes, alan1ne am1no trans—

ferase (AIT) and branched cha1n am1notransam1nase (BATase)

'\ but urem1a a1one 1ntreased these act1v;}1es and partacu]ar]y

o

the BcthIty of arg1n1nosucc1nate synthetase, the rate
o r ~

-

11m1t1ng enzyme in the urea cycle is 1ncreased in: urem1a

Q~1n d1rect proport1on to the BUN concentratlon

t: a" (148) obseryed that concentrat1ons of a-amino- n1trogen

' & @
pa 1cular]y lySIne, tyrosine, tryptophan Qpethlon1ne,~@

g1yc1ne, and g]utam1ne were-normal to 3 times greater in
__/"

'4‘»urem1c serum ‘The non- un1form1ty of some ‘amino ac1ds may

e

R

w
he due to the d1fference in thelr separate amino ac1d

.0\

transggrt Rathways and the d1ffer§nce in the aéf1n1t1es of

am1ho acids for the pagticular transport s1te or.mechanism

®

* . (149) | S

In th€ neghrot1c rats’ as well as RD rats the : ’V'

depress1ons of both dfétary essent1a1 amxno ac1ds (va11ne,

tryptopﬁﬁns)and hon essent1a1 am1no ach (t{r051ne) may
!

indicate’that depress1on of spec1f1c 1ntrace11u]ar am1no

acids wh:ch can’ 1ead>t%?1mpa1red prote1n synthesis may

*y

A
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B exist in uremia (157).

N

; . \.. - i
. \‘,;( S ; -
S ”Aﬁjjla
g 4fhese Support our f1nd1ngs very we]] The
p g

¢ N
c]1n1ca] 1mp11cat10ns of our f1nd1ngs'}re'that 1f proper

‘d1etary care is not taken d1a1ys1s, agcommon urem1a treat-

N -
ment in human subJects may cause further dep]et1od of some

of these am1no ac1ds h
q

In our experlment the phehhla]an1ne/tyros1ne
ratto\(9.21[10.5 in U rats and 8.8/12.0 in RD rats) is not
significant]y increased show1ng that the pheny]a]an1ne
hydroxy1ase enzyme system is norma1 Th]S reflects thev'

resu]ts}of others (152). ”%J, .

Shear observed, in bila ﬂ?elly nephrectomlzed

"rats,.an 1ncreased uptake of essent1a1 amino ac1ds by the

’11ver, coup]ed with an 1ncreased rate of RNA and prote1n

synthes1s and a decrease in the p]asma concentrat1ons of

~¢essent1a1 amino ac1ds (152). ' Our observations sare in line

with e b

¥

= ~u(b) ;GlucogehicQPr Glycogenic
;o o ~ and Ketogeni¢ Amino Acids

Ih uremic rats totaT glucogenic -amino acids |
p .

1eve1s 1ncreased by 6% wh11e in RD rats they decrea&!d by
9%, show1ng the depress1on of t e g]uconeogen1c pathway in

U and elevat1on 1n RD rats when compared to SO groups

'These observatlons are supported by our data on SGOT

(decreased in U and e]evated in RD when- compared to SO)
A

The tota] ketogen1c am1no ac1d concentrat1on in both U (by

14%) and RD rats (by 8%) decreases smgn1f1cantly ‘This

"_l

\f



“also 'suggested that g]uconeogenes1s decreases while keto-
gene51soassoc1ated w1th 11pogenes1s 1ncreases in urem1cs
This corre]ates well w1th the earller f1nd1ngs of G-6- PDH'
act1v1ty, and with-protein and 11p1d data, to suggest ’
1owered gluconeogenessis accompan1ed by 1ncreased\glyc01ys1s
up to the G- 6"$\1eve1 and then 1ncreased ox1dat1ve path-
';way and decreased SGOT ]1pogenes1s in the nephrot1c rats/
0ur-f1n¢§ngs.are in agreement with most workers who found
that in uremia™ severa] g]ucOgen1c am&no ac1ds (aspartatey
g]utama%e, a]an1ne) e]evate and the1r correspond1ng
metabolltes of TCA cycle (ma]ate, oxa]oacetate and a- keto-.“
glutarate) also e]evate in nephrot1c rat due to per1pherai

‘ mob1]1zat1on of amino ac1ds and 1ncreased amino ac1d
bmqtab011c enzymes of the 11ver (135 ]36 150) ' However,
va]ine being glycogen1c and - antl-ketoqenlc (402, 403) shgxs

a decrease ~f 11 to 24% 1n U rats and a 10% decrease 1n RD

rats. Th1s may Support the glycogenes1s we have seen in thef

nephrotic and RD rats, and shodéd be coa51dered 1nd1v1dua11y.

[

(c) 1-Methyl andv3—Methy1 T \"_ -
| f“ H15t1d1ne, and H1st1d}ng‘ |
H1st1d1ne is an important b1o1og1ca1 compound
‘The compound carnosine (B- a]anyl h1$t1d1ne£ and anser1ne;
"(B -alanyl-1- methy] h1st1d1ne) der1vat1ves of h15t1d1ne,.ﬂ
occur in muscfe (407) Anserlne was dep]eted by 22% in U
ank 7% 1in RD rats ’ The hlstldlne and’ 1 methyl h15t1d1ne

i~}.prffi1es of uremxc p]asma are comparab]e to those of SO and

=
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RD ratsl Very surpr151ng1y, 3- methy] h1st1d1ne cou1d not
be detected in SO or RD p]asma at all. Th1s sure]y can be

B
used to monltor the onset of urem1a as we]] as progress1ve

&deter1orat1on along w1th SGOT and“BUN l—methy] h1st1d1ne - 4

1ncreases by 56% to 147% in- U p]asma and 1ncreases only by *

10% 1n RD plasma compared to SO -However, the p]asma
am1hogram obta1ned on d1a ys1s by other workers (1392@51
143 145) have shown e]evated 1- methy] and. 3- methyl htst1d1ne

and notab]y proJ1ne and hydroxypro]1ne

The rates of accumulation of 3- methyl h1st1d1ne

in body f]uwds of urem1cs, part1cu1ar1y anephr1c pat1ents,

-

_ffa1]ure ‘of rena] c]earance;

catabo]ism of muscle protein. The e]evatlon of 1- methy]

vun1que1y found in the aon

are knonn tovprov1dé_a method to est1mate the rate of

and 3-methyl’ histidine are sa1d to be a consequence of ﬂ

e»compound %}methy] h1st1d1ne

is of part1cu1ar 1nterest 1n v1ew of the fact that th1s 1s

'7rt1on of the major. musc]e'

protein, act1nomyos1n and rate of ltS appearance m1ght be :

a va]uab]e 1ndex of musc]e prote1n catab011sm (405)

- Perhaps, we for the first tlme, showed the presence of 3— :

absence

methy] h1st1d1ne in nephrot1c rat plasma a%ﬁ_:@%

from SO anq RD‘plasma. In RD surprls?hgﬂy, proteln is

LpreSumab]y utilfied yet no = 3- methy] hlstldine could be"

~ detected, i , ' R ) gg” .
- ‘ . - ' : . ’. . ?j’ L
A | v
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amwnat1on of phosphohydroxy pyruv1c ac1d ‘and g]uta i
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(d)' Ser1ne, Phosphoserlne,
Taur1ne, Meth1on1ne ; -
In urem1c p]asma phosphoser1ne 1ncreasedlby 65 to
266% (P$0.005) and in contrast only by 12% in RD (P<O 45

not significant), compared to SO p]asma | Th1s is: another -

: parameter which m1ght be of use as a va]uab&e 1ndex fE*;“

mon1tor1ng the onset of urem1a , )

Phosphoser1ne 1s obta*ned by reVersa1 of’

Phosphohydroxypyruv1c ac1d is formed from phosphog]ycer1c*'u
acid. . Thus g]ycer1c or 3 phosphog]ycer1c ac1d$ are the
precursors of phosphoser1ne (406) Th1s thennsupports_the‘

e]evated 11pogenesis as we ear11er reported

Su]fur conta1n1ng am1no ac1ds,,tapr1ne, cyst1ne

' and meth1on1ne are. of 1nterest Taurlne Was elevated by

7 to 19% (P<.20 to . 35) (not s1gn1f1cant) cyst1ne b§%13 to
52% (P<0 25) and meth1on1ne by 12% (with a decrease of 9%.

in/the f1rst per1od P<0 10) in- urem1t rats Th1stv

' stat1st1ca1]y 1ns1gn1f1cant rise of metabo]1c acid form1ng

am1no ac1ds support very wel] our f1nd1ngs bf alka]1ne
ur1nary pH (Tab]e X) further in favour of tota] alkal@s1s
favour1ng a decrease ‘in g{uconeogenes:; as is often -
suggested (74) C ?f E o RO ‘
‘ (eTi}Prolxne athHydroxy- o {i |
A prollne L

Uremic plasma hydroxy prollne Was e]evated by

30 to 43% (PsO 10 to 0 01) and prollne by 6 to 27% (P<0 20



o -

;to 0.25; insignificant)»wh re as

3 159)

-1ncreased by 9% (P<0 15) in U p]asma and decreased by 42%

. l-o. - . A.I,"
’f :3 o - | ’ ,}

AN R

oth decreased in RD'

,piasma, only hydroxyprollne s1gn1f1cant1y campared to SO

rat, The 1ncrease of hydroxypro]1he 1nd1cate bone dlS-

<
turPances as suggested by . others (168). The - elevation q{

proline and hydroxypro]1ne is an 1ndex of collagen turn-

- over in primary hyperparathyro1d1sm and chron1c urem1a b

(1sey. . 7

.(f)_rBranched Chain Qninofhcids
BN , ._a(Va1ine, Isoleucine, Leucine,
,and Aromat1c Am1no Acids) -

'(_ 1 Of the branched cha1n am1no ac1ds 1euc1ne and

yaline are decreased in U plasma, all were unchanged in

“RD plasma. This contradicts,the f%ndings ofeBert§trbm:uf$="

)

t al. (145 ]85)

Of the aromat1c am1no aclds, the rat1o of pheny]-

alanine to tyros1ne suggest no abnormallty of pheny]-;v

a]an1ne hydroxy]ase enzyme

' Morga et g_ (1&%) reported that aromat1c amines

e]evate in uremia.and tha;ﬁﬁﬁelrvelevat1on para]]els BUN
concentrat1on, but fa11s to show quant1tat1ve]y (TST 158
“(g) Urea CyC]e'Aminp Acids

0? the urea cyc]e amino. ac1ds, ornithine

-

'(P<0 0005) in RD,~aspart1c 1ncreased by 30 to 36% in U
fplasma (P<O 10 to 0. 15) and decreased by 31% (P<0 20) in

A
;- J . . - —

'/2170'

0
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y‘.

This is what.

N R N ’

(h) UnnaturaT Am1no Ac1dﬁ; 4{ff‘;. ”“fﬁ

/5.‘ H.‘,w' ’

l.‘"
A

\’ac1d showed an 1ns1gn1f1cant decnease of *3 to'IS%

plasma and e]evatlon of 23% (P?O ZQ) in RD p1asma71 ?h1s

i

;7, are unnatura] de11neat

urem1c effect and the starvat1on effect in these am1no'

.

ac1ds concentrat1on 1n plasma
)

(ISR )
FRE
.

Surnr1s1ng]y enough the decrease

our. U rats was 1n51gn1f1cant whereas in RD

X . P x.(} \




o- am1ho ad1p1c acid, a cata]yt1c product of

,1ys1ne ﬂ]O) showed s1gn1f1cant increase in the U rats, a:r

©

'wh1]e the 1ys1ne concentrat1on showed no SIgn1f1cant | h aAéf

achange However, the 1n§1gn1f1cant decrease of a-amino

ad131c ac1d in RD plasma a]s does not corre]ate w1th 1ys1ne

. .
N 3&:1 . . v,

‘concentrat1ohs 1n RD rat plasma. - : ’/>’

4 : -

“
&

A
s
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s UMARY
, R ~) w
. @%yb total nephrectomy 1n rats has been u$ed to
elic a uremlc conditlon in the an1mals ‘ This uremia has
By f«ud1ed end progre551ve]y monitored by BUN ' |
BUN -e1 evation was not aIWays ma1nta1ned in these
animals: . comp=nsatory decrease jn BUN occurredfln some
cases, aver when the overa11 urem1c effect preva11ed and

~
b . tion of the- rats deter1orated ﬂ*Th1s prompted an "

investigai®-a of SGOT, serum CPK, plasma a]ka]ine phospha-

case, hematocrit, p]asma and ur1nary g]ucose and the am1no-_,

/

gram of p]asma ' Control anfma]s used were sham operated
rats and restr1cted dlet rats; the latter group served. as"

contro]s for the starvatlon due to anorex1a, to delineate
"

~,v1v1dly the effects of uremia from the secondary effects of.

starVation
 SGOT and p]asma 3- -methy]l hlst1d1ne are the two

parameters which came to be outstandlng crlterla for

monitoring the onset as we]] as the progressive deter1oratlon -

of uremia 1n nephrectomized rats,v Tﬁe 50% decrease of SGOT
‘over the effect of starvatton a1lowed the detection of
uremic effects even when BUN compensat1on occurred.

3-methyl histidine very clearly signaled” kidney fa11ure,

as’ it can be seen only 1n uireic p]asma

'&’ T & R .

7‘//f\ . CHAPTER VI = fﬂ\, AL
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The influence of sub-total nephrectomy on g1qcbse
' 4

metabo]1sm.was studied by est1mat1ng p]asma g]ucose, the

urem1c rats were found to be hypog]ycem1c The pl@us1b1e
-.causes of hypog]ycem1a were 1nvest1gated by est1mat1ng

‘urinary’ glucose. hepatlc glycogen content ”meéatlc g]ycogen

N 14 14
structure, in vivo oxidation of ~ 'C- g]ucose to

co,

d
%, an

,1ts in vivo convers1on ‘to liver and p]asma protein, 1ver

_\*g1ycogen, musc]e, 11ver and ad1pose t1ssue 11p1d and p]asma
proteln apd nonrproteqn and free fatty ac1dsz _ 'ﬁ\"
| The ahnorma] deposition‘of»glycogen'in‘the uremic f&&
_ ]iver andethe abnormal'uremic hepatic g]yéﬁgen structure‘ |
were found to be the cause of hypog]ycem1a, as no g]ucosurla
uas present° The changes in intra- mo]bcu]ar structure of
the uremic hepat1c g]ycogen were .
| i. " an 1ncreasep number of branch1ng poxnts i
(i.e. 7 6-bonds), | |
N L i1, en 1ncreased number of segments per s

mote,

iii. a decp€ased number of glucose residues.

gper segment andnff’ ...... ;
| | v, an'jncreqsed,numher~ot‘non-reducing ends.
'This-abnormal'glycdgen.structurv‘in"the'uremic‘
“liver corre]ated we]1 w1th the measured ac lvities o?‘the
g]ycogen cycle enzymes Amy]o ] 6 gluco§3dase activity

ed an 1nverse relatlonsh1p with the act1v1ty of glycogen

hetaﬂe and the o- g]ucan phosphory]ase ratio (Of tat to nak 4



M . ’ . T - . N

4 | : } . w008 ’ {

‘"P") was-douh}ed.This indicates that the control mechanism f

. is‘such that when the chain length jncrease occurs,itbis
'countera'ted by reducing synthetase activgty and hy
freducing he acttuity-of-amyro-glucosidase; again, ﬁhen
branch1ng po1nts start 1ncreas1ng, it is gpntro]]ed by

- reduc1ng the act1v1ty of synthetase and fncrea51ng the
actlvity of amylo—] 6-g]ucos1dase “In the urem1c env1ron- .

 ment the fine control mechan1sm shows abnormal funct1on
zln other words,,when the ATP and ATP generatlng system is

,ava1lab1e, glucose is converted to glycogen via amy]o 1 6-

-gluébs1dase, at other tlmes, when G- 6 P or UDPG is avallable

'then there Ais conver51on to g]ycogen caused by glycogen .
'synthetase At another time, when [P ] and [G 1-P] ar®

i favourab]e, the format1on of glycogen occurs by a- g]ucahv
phosphorylase It a]so shows that as 1ong ‘as g]ucose ls

available amylo -1 6 g]uc051dase 1s act1ve

- 4
The excess1ve conversion of ]4

N
and the 1ncreased act1v1ty ofo G 6 PDH 1in. uremla, coup1ed

<

C g]ucose to 14 C02

-

with ‘a decrease of SGOT, an increase of p]asma glucogen1c

amino acids, an a]ka11ne uranary pH ,and a norma]kconcen—.

,tratlon of su]fur contaIning amino aclds (cystine, taurlne,>'

et

"methionine) confirm ghat there is ﬂncreased glycolys1s‘u

to the level of G- 6 P th1s is perhaps due to the Pasteur

.

effect (1nh161tion of anaerobic g]ycolys1s). sh1ft1n9 to ft’ ,

/" the pentose monophosphate shunt and decreasing gtyconeo?

'genesis.qfln‘addition‘to_this,‘studies of the in vive’



nversion df ]¢é g]ucose 1nto 11p1d, proteln and g]ycogen :
reve_hed increased spec1f1c act1v1t1es of Jdip d 1n muscle,
'_11ver and ad1pose t1ssue, af protein in liver'and piasma and
of.glycogen in Tiver. This suggests ]ipogenesis‘andi
mob111zat1on of the reserve of per1phera1 tISsme 11p1d
"carbohydrate.and proteln/ Thus sub- total nephrectomy in

rats was found to cause:

1. Hypog]ycem1a o e _
hS .
\ Q
-2, Abnorma] depos1t1on of liver g]ycogen
3k' Changes in the 1ntra mo]ecu]ar R <

Ps

: structure. df hepatlc g]ycogen
7 . N ! \r ;,:,

‘4: Derangem nE glygogen cycle ’:
> d?'_, '+ enzyme aét1v1t1@%72; ) r.}. '/' )

'3; ' Increased act1v1ty oﬁ the ox1dat1ve N

~ - pathway and an increased rate of : }‘
. ‘_ g1¥c01x51s;above glucose-6-P, h“t Tlf LT
ve"’;;'_v | ,-asSocﬁated%mithllipogenesis* T “<u :
| 6. . Detreased giuconepgenesis_;- .y '.fy._f
7. Decreased SGOT .'f7

e

8._ The appearance of plasma 3- methyl

a T h1st1d1ne and the e1evat1on of plasma . d%i

o phosphoser1ne and 1 -methy1l histidine > ,P\]";‘

' A Sh1ft ﬁn the pattern@bf g]ucose 0t111zation by |
prefﬁrentlally channel1ng ‘a 1arger port1on of g]ucose for

-» ' productlon of tlssue ]1p1d and proteln from the L

.o ] 3

periphercl ]1p1d reserves. ', a0 i _ B T

re

. The_ Summary is outllneudﬂn Fig 35,-showing ch?
i,

v

. pathways studied in the nephrot1c rat o .

L
: 2
SN
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CHAPTER VIII - . .y
'epAPPENDLCEs
APPENDIX A I
ABBREVIATIONS USED
BUN - Blood urea n1trogene‘i o |
PAP - P]asma a1ka11ne phosphatﬁge ' J" -

'EDTA - Ethy]ened1am1ne tetra acet1c acid. .
NM ; nanometer = mp u‘{-

M- mo]ar
N - normal B _

'-A --absorbance ( 0;ﬁ1.= pptical density)
AA - change in absorbance | ‘
€ - mo]ar absorpt1on co- eff1c1ent
,M - concentrat1on in mo]es/liter
TV K-I/fotal volume‘ . _ _
lSV - saMple voﬂume ' - - ,.‘ o N L
. A

//g\— substraté’ &

/Q SGOT - serum g]utamateoxainacéfate transaminase (er serun-v
,F;h, v aspartate am1notransferase) N
| CPK - creatlne phosphok1nase

G G PDH - glucose -6 - phosphate dehydrogenase
G-6- P - g]ucose 6- phosphate
ATP - adenosxne triphosphate
ADP - adenosine diphosphate

NAD+‘- nlcotinamide adenine dinucleotide ox1dized form

(prev1ous]y DPN ) .



| ABBREVIATIONS USED (Con;%nued)"

NADH2<— n1cot1nam1de aden1ne d1nuc1eot1de reduced
‘ form (prev1ous]y DPNH) .
NADﬁ - n1cot1nam1de aden1ne d1nuc1e;:1de phosphate
(oxidized. form) (prev1ously TPN )
NADPH2 @\n1cot1nam1de -adenine’ d1nucleotide phosphate)

(reduced form) (previous]y T?NH)

€
¥
MDH--Ama11c,dehydrogenase{ , #
Iu - international unit o K

“HK evhexokinase

Hct

R POPOP - 1 3-bis 2(- 5 pheny]oxazoly]) benzene
'vPPO - 2 5- diphenyloxazo]e

TCA: -vtr1chloro acet1c ac1d

r t - room temperature -

de - Sham operated rat

u - urem1c rat

2D - restr1cted d1et rat

oD - opt1cal denSIty

-UDPG - ur1d1ne ‘- 5— D- g]ucosy] pyrophosphate)
'UDP - ur1d1ne diphosphate '

pUTP - urid1ne trlphosphate

G-1-P -_glucose-]-phosphate

PP, ;‘inorgah1C'pyrdphOSphate_.

P - inorganic phoephate o

- hemétdcrit , T R :>>‘
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' . V ‘ ’ g
ABBREVIATIONS USED (Continued)

5-AMP - 5-adenosine monophosphate

AGPA - am1noguan1d1no propionic ac1d

SSA - . su]fosa]1cyc]1c acid
DVy - d1v1ny1benzene
ppt - precipitate

FFA -.free fatty acid

dphv disintegration per minute

count per minute

cpm-
CE - count1ng eff1c1ency VH
uCi - m1111cur1e (2.22 x ]06 dpm) v

mCi - millicurie (2.22 x 10% dpm)

Ci - currie (3.7 x 1010 dps = 2.22 x 10'? dpm)
dps. - disintegratioo per'sécond"
,1LDH'-;laotatévdehydrOgénase‘
.GFR -'glomeru]ar fi]trat1on rate
. CRF - chronlc rena{/fallure
ARF - acute rena1 }a11ure
 g.i;t;’- gastro intestinal tract o S | o
PTH -”parathyro1d hormone |
';SDH-— serine déhydrafoéé'i
-'TPOq- tryptophan oxygenase- | )
ETKA - erythrocyte transketo]ase act1v1ty “ . " v', ) ."‘i;ﬁ;

ACTH - adreno corticotropxc hormone

- EP - erythropoietln
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ABBREVIATIONS USED (Continued) - .

RNA'e ribonuclieic acid

- ADH - anti-diufetic hofmpne

'ULDH - urinary lactic déhydrogénasé’
UAPE-'ufihary'alkaline phosphatase
UGOT - urinary glutamic oxa]oacetic'transéminase e
| PSP -‘bhgholsu1fobphtha1ejn |
PAvavpara—amino—hibpurate
ECPAHv' PAH c]eéhanceb

‘RPF,: renal p]dsma‘fTow

‘ ‘C{n clearance of insulin

_GFR - glomerular fi]tratién rate‘ ‘

IVP,— 1ntravenous pye]ography ' »:" i ‘ BT :if_.
Uosﬁ -~ urine osmo]al1ty |

. GSA - guan1d1nqsucc1n1c acid

GAA'- guaniqino acetiC'acid

TCA - tricarboiy1i§ acid cyéTe

PEPCK ~ phosphoeno] pyruvate carboxy klnase»

- GTP

VITP_- inosine trlphOSJhate
- guano$1ne trlphosphate
FOP - frdctoée'diphdsphéfe“»
“PFK'- phosphofructoklnase

.FDPP - fructose dlphosphate phospﬁatase
F- 1, 6 dPase - frucotse, ~d1phosphgtase
. OAA --oxa]oacetlc,aCId L |
PHG‘; phospth]ﬁcOmdtase"

: GLDH g]utdmate,dEhydrogenase_‘;'
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ABBREVIATIONS USED (Continued)

/ Lo

‘CA‘— carbonic ahﬁydrase'

PCT - prox1ma1 convo]uted tubu1es.

;‘dct - dista] convoluted tubu]es |

 LAP - leuc1ne am1no pept1dase or amlno acid ary]amldase
 'GK - g]ucoklnasg

PK - pyruvate kinase '

GPi{f-glﬁtamiC'pyruvic tfansaminase

AAT - aspartafe émiho trénsferase

.ALAT 5 alanine amino- transferase

TAT ~ tyr051ne amino transferase

g . e
e
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APPENDIX B
STATISTICAL METHODS.

The resu]ts are expressed as the mean *+ S.D.
(standard dev1at10ns) for samples. obtained in every two-
"week per1od; and mean t S.E. (standard errors) for the
poo]ed va]ues obta1ned from samp]es of 1 to 9 weeks and
‘V10 to 19 weeks‘per1ods, respect1ve1y. 7
Means, standard‘deviations,.standard error of the’e
of the mean) for

‘ S~
two sets af data were computed us1ng the compdker program

means , F test, and t test (conf1dence limit

(foca] format) des1gned and programmed by Mr. C. Ed1ss, e
andrus1ng the D1g1ta1 computer PDP//8L. The program |
'descr1pt1on and the work1ng formula [obta1ned from {

“An Introductlon to the Exper1menta1 Method“ by Maxwe11

~ Little, published by Burgess Publishing Co., Minn., (1961),

P.-29-31, equation.

3], and the C-Focal, 69 CE format are

e 0L

" shown on pages 31] 31

Compar1son of 2 Sa eans bxﬁ t! test

The 't' value is a ratlo of the difference 1n
»means to the standard error of that difference and can be
app11ed to compare any. two samples data - The ca]cu]ated ff
't' va]ue is compared w1th the tabu]ated values for gy

' under ‘the. 1nd1cated level of one tai] or two tai]s test or'

iﬁﬁ?f both (377) to see 1f two sampleS originate from the same

popu]ation

o
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STATISTICAL METHODS (Continued)

If the calculated 'tf was equalrto or greater than
those tabu]ated, it can be concluded that the two sample
~ means did not come from the same popu]at1on. i.e. ’ the nu]]

'hypothesis (wh1ch assumes that both samp]es are taken from'

a s1ng]e popu]ation) 1s reJected but if the calcu]ated 't’)‘

e

is sma?]er than the- tabulated “t', then»the null'hypothesls.

is accepted S
» .

A]l 'p' values r tedﬁare on a‘ohe tail test
basis. | h
. _ o S
Title:- deans,‘ ndard Deviations, Standard Error of .
the Me as, F Test'and t Tests;for two-Sets“of
Data - | ‘

FAuthor: C.:Ediss Date‘ July, 1971 %ormat:f Focal
_'Program nyti' - ggﬁ% 4 | -
'Description The program accepts two sets\of data
sequent1a11y Numbers are terminated by av
”space, and then the program asks for a test
dresponse If the prev1ous number on that
“line 1s okay, type a zero and a space, 1f an
error has been made, respond with -1 and a
»space and the program will 1gnore that
}if : hparticu]ar input number; after the last
zﬁi;; ’ ‘-;. number in a-set of data respond with a one

- and a space, and the program proceeds

A\

317



STATISTICAL METHODS (Continued)

The formulae used are as follows:

312

;;2_'&. 5 = nix’ - (2x)® g = 9X
n > x n{n-1) -’ “x  -n .
g
X-l . . ! -
F = °x2 3 }df] f n]el; df, = n,-1; sorted to glye :
| >l -
v
. . Xy = Xy
R ) S
(’"2[“1‘zx12)" (5x7)%] + "1[“2(zx22) - (zx)%] nyeny
\ ‘ i '

n]nz(n]fnszT

from"IntFQdUCEfgﬁ to Exhéfimenta]fMethdd‘_Maxwe]].

Little.
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CFCONDESFT'OF‘DPTA"!!_
:V(QD)!!!

"VER), 1155 [vs <(1>~~<9>,

=1,2;S V()= FSLI(P'(I)/(“(I)*(\(I)-l)))

“"SETANDARD" V'LFEVIATION

VINSTENDARD"S .

we '\(l) S LsNE2); .

1NTLl O AR ",v(l)/FS"l(
.""}___‘ rp\'||.

F=LC1) 1270 (2) 1251 (F=151 .63
FE1/E3S chELiS LE=K;
11t F v, E, . LRL

NPT S DL

K):

..,

"7d:¢h’i:-

Lb=K

KIS H I

"SUC2I/FSCTCLY S
3S LE=SL3G 14455 .

LFE "scrn=1,1;

'=DM/FSLT(((L*D(l)+V*E(9))/((*‘*L) 1O% (X4l - ?)))*(“’+L)),

ANE 9 A SrECF AT

FNE PF r;cu

1T MILFEPSCTIL,Y TF MEI,LeK=2, LI
I=1+1 - ° .
"Z)f; ' ;. oo . .
(F)3.0A35 B=E4r55 C=C+21251 (=F)3.156 3.05;3
SCUI=B3S (CJI=C5S NCJY=I3T Ivav3E; S,
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« . - APPENDIX C

41; }ntroduction R ; A - v
(a) Untt'oftEnzme;ﬁEEiYity
In 1961 the CommisstOn onsEnzymeswofhthe
International Union'of Biochemistryvrecommended'the use of
a standard un1t for a]] enzymes "One fU of'any enzyme is
that amount wh1ch will cata]yze the transformat1on (react1on)
» of one micromole of substrate per mlnute per 11ter under
; defined conditions of temperature;'pH,»buffer system, sub-
_strate and eo factor’concentrations“‘i The temperature3
:suggested in P961 to be 25°C has been rév1sed in the seeond
’report to be 30°C. | o
Therefore, At is a must to staéﬁ?at wh1ch - i

1.temperature ‘the determ1n3tlon of enzyme activ1t1es has been
‘performed. » A
» The "opt1ca1 test“vtntroduced by Otto Harburg 1n
1936 1s based on the fact that the reduced n1cot1nam1de :

v aden1ne dinucleot1des NADl;2 and NADPH2 absorb light with a

'peak at 340 nm, while the oxidized forms NAD and NADP show
. no absorpt1on between 300 and 400 nm; they absorb at 260 nm.
.:JAny dehydrogenase reactlon in which either NAD or NADP are
"reduced or NADH2 or NADPH2 oxidized, can be measured by

‘record1ng the 1ncrease or decrease, respective]y, of the

absorbance at 340 nm or a close-by'wave length.v‘
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| APPENDIX ¢ (Continued)

Know1ng the molar absorpt1on co eff1c1ent (e)fand
11ght path (d = 1~9 cm) (1nside d1stance between the ce]lv
walls of a square cuvette or the inner d1amter of round ‘
cuvettes) the concentrat1on of NAD or NADP reduced or. NADH2

or NADPH2 oxidized can be measured from the equat1on
T . A __ 
A EoX o en X d or C STTx T.0 moles/1jter.
(b)A Computat1on of Enzyme Uh1ts

3

Un1ts of enzyme act1v1ty are comput d w1t
reference to a reaction product The computatloh cﬁh bed’t'd:a}
based on a "standard", by prepar1ng a so]ut1on w1th an. R
exactly known concentratlon of the react1on product An

a11quot of the standardaso]ut1on is treated and measured .

absorpt1on co- eff1c1ent, e, of a react1on proguct isuknoun

at a given wave length as, for example, fq NADH (and= | j“,, - d
 NADPH). | | o
| fCalcqutidn based on the molar extinctionvto—
effjcient of a reaction produet-canbbe'made;
. with'aBsorbance and/or“' R
ii.  tan a | .
For examp]e,"

j; _ wlth the absorbance



APPENDIX C (Continued)

A Sample X 103“x

——— % X l% =1y (umole/min/l)'

molar ext1nct10n co-efficient .

where € =
,’d = 11ght path (d1ameter of the cuvette in cm)
TV o= tota1 reaction volume in ml .
SV = sample volume in ml . & !

REA with tan a:
When t1me reaction’ curves are recorded the ang]e
(o) between the curve and the abscissa can be used to

-‘calculate the enzyme»act1y1ty in the.general‘fbrmula.

1y ae 3700 - AR TV A
IU‘at.ﬂ37 C =7 X IV X e.d x 1000

where AA = ;bsbrbence~cnange between two readin?s;
2. sSGOT | _
8ne unit of SGOT.is“defined as;that amount of
enzyme activity wh1ch w111 cause a change in NADH2
absorbance (A) at 340 nm of 0. 001 A/ml. of serum per. minute
| in a total volume of 3.0.ml in a cuvette with a 1 cm 11ght

path. Spectrophotometrlc unlt at 37 C was ca]cu]ated as_

fo]lows

(For 10 2 samp]e) SGOT units/ml = AR x 6665

t

-~ where AA = absqrbance 1 (at 10 minutes)
| m1nus absorbance 2 (at 25. minutes)

AA/minute was obtained by dividing AA by 15,

- 316
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APPENDIX C (Continued) R

The factor was derivpd\from;the genera]lfonmu1a as follows:

-

1 X 1000

SGOT units/mi Samb]e‘size,in-ml

—>
>

fl

X

2 x slgr x 1000 = aA x 6665

The factor 6665 was obta1ned as by us1ng 50 pg samp]e which

gave'AA xe]333' For 10 ul th1s factor is 5 x. Spectrophoto—

metr1c unlts can be converted into SGOT IU at. the same'

temperature- as follows :

SGOT IU (umo]es/min/l) = sbectrophotemetric'units x 0.48

(S1nce 0. 001 A change per ml serum in tota] volume of 3 ml

this would be equ1va1ent to 1A. change per liter in TV of 3

&7

.faCth = E-?E- = 0.48).

11ters.' S1nce, € = 6.22 x 108 cm /mo]e, the conversion
3 o > , ,

3. CPK .
t'Qne IU of CPK is defined as that amount of enzyme'
which transfers one micromole of phosphate per mlnute per |

11ter of ‘serum at 37°C. (For- 1o,pz sample);.

U CPK = 8A x 4823 |

-

where,AA = absorbance change Between read1ngs at 10 and 15

~minutes.’ AA/] minute was derlved by d1v1d1ng A by 5. The h

"factor is der1ved from the genera] formula | s
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APPENDIX C (Continued)

. TR T ' . » ' . ;
@ 3700 AA TV Y
IU @ 37°Cq = == x =X t———w— x 1000
; & T X 3y v -

. % 10- 6%
} _ ‘ o
.where ¢ = molar absorpt1v1ty of NADPH2 at 340 nm
= 6.22 x 105 cn Z/mote - o o,
T = t1me between absorbance read1ngs | ) e' .: S
" (=5 minutes) |
AR = absorbance changmvyEEREthpé/dlngs_
SV ='samp1e volume in ml ‘ - . F‘p S
) (=‘0.01,m1);¥{

TV = total reaction volume in m

(= 1.50 m1)
By subst1tut1on | : =
BA 1.50 N B 10" oe
== , X - - ]0,000 =
5 X p.o1 X 6.22 x 1076 x 106 o
e . A x 150,000 R
- - - o I

1

Ca 1,500 ooo
B 4823 -

_‘\\\ﬁ, 4. A]ka11ne Phosphatase S f®;
~. One IU of a]ka11ne phosphatase act1v1ty is defined
- as that amount of enzyme activ1ty which will catalyze the

'react1on of one m1crom01e of substrate/liter p]asma/minute'~ ”

~and calcu]ated as follows



I

(For 10 u2 sample at 37°C)
- :

CIU/liter =

where. ¢

and at 15 minutes and AA divided by 10

APPENDIX'C™. (Continued)
IU/Titer/min = 28 4 1695

min

the fagxor 1695 way derived from the

,"general\formula:

R

mo]ar absorpt1v1ty of p- nltrgphenol

AR

X

TV
"*VX‘

17 7 x 103 at 415 nm

3.0

L
X
10-3¢ -

s

SV

1000 '

- 1000

17.7 x 10 3 x 103

300,000  _

77

3

‘_1695

S. ' Amy]o 1, 6 G]uc051dase

The act1v1ty of the enZyme was expressed in

TV = 3 0
SV = 0. 01 m1
Subst1tut1ng
IU/l1ter» = 15
Qr‘;'.
= AA =
two ways:

(a)

+

2

X907

(at 37°C)

tota] act1v1ty 1n umo]e g]ucose/g

tlssue/hour

B

"~ where AA/min = absorbénce change between two readfﬁgs at 5

-

*
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APPENDIX C' (Continued
© (b} Hers units (i.e. 0.1% of '%c- o

glucose added/per g tissue per

minute. A1l calculations were ..

-hl

made by computer,,a speciment is

. o4
as fo]]ows;¢j  .
i.  Specific activﬁﬁx of ]4C¢gIUCOSe
' R - o ,

#

= 240 mc/mM

Therefore, 0.1 m1 substrate , ﬁf‘ B 4
£.5.32 x 10" dpm o _
= l.uM,glucoSe- ¥ | ) ‘\*\; o

0.1 ml substrate after reacting with

: sk B .
0.1 ml tissue homogenate gave 2828 cpm =

.- 2828 x 100

"

which = 5.05 x 16° dpm on

5.05 x 103 2L
o2 = 9.50x 10 ° umole,

5.32 x 104

_where 56 isyfhe counting efficiency in-péréent.v
This was in 2:.57 mg tissue,wifh a reaction time
. of 1 hour. Therefore,;the total enzyme aétivity ber g per

-~

. - 'minute: SR N

9.5 x 102
2.57 x.10-3

= 37 umole QJUCOse/minUté/g"



ii. one unit (Hers) = 0.]%-of'5i54 X 106

0

dpm
-used per 0.1 ml substrate. This is equal to %*% ’x~5.54 X
® - 5540 dpm = 1 unit |

o,

5540 dpm = 5540 x0.56"= 3102 cpm

‘ ‘To'Convert observed cpm into'uuits, Cpm was
d1v1ded by 3102 and ‘the unit was d1v1ded by the g of t1ssue'
| used for the one hour react1on .between substrate (0.1 m1)"
.and. homogenate (0 1 ml) at 37° C F1na11y, the unit was

expressed per g t1ssue per m1nute, for examp]e, one

~reaction gave 41740 cpm which: ¢
L81780 _ .ol |
= 3707 13.5 un1ts(Hers)

This was in 0.1 ml homogenate of 4.08 mg tissue-ih 1 hour
of ineubatiOn time. Therefore, unit per g tissue per.
minutef , : |

_13.5

| =de—58 103 »60 = "55 units {'ers)
° . - ’ . : . - X 'X » . -

I

6.,"G1ycogen SynfhetaSed”I" andl"D"'»
The.enzyme act1v1ty is expressed in- uM glucose/
g/mjnute The resu]ts were calcu]ated by using a computere"
 prdgram. The spec1f1c act1v1ty of the UDPG ]4C used was
5. 06 x 101! dpm/m. Therefore, 0.1 ml of this has T uM
eqéivalent of g]ucose in. 5 06 2.104 dpm For examp]e,-

us1ng 0. 1 m] substrate and 0. 1 ml tlssue homogenate (wh1ch

is equ\valent to 5. 68 mg)tissue) and a reactlon tlme of 15
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F——

minutes, we obtained 3153 cpm which:

- 3153

- 56

x 100 =0.56 x 10% dpm _
Therefore, 0.56 x 10% dpm
_ 0.56 x10% . .7

= 5 06 xf104 dpm = 0.11‘uM'

This is in 5.68 mg, therefore,,activity per g per minute:

_ . 0. 1 .
5.68 x 10-3 x 15

1.30 uM glucose.

7, a- Glucan Phosphory]ase "a"-and "b"
. The enzyme act1v1ty is. expressed as uM g]ucose'

_per g t1ssue per minute. The computer program was,used ‘

.\

throughout for calcu]at1on of resu]ts AThe specific

iact1v1ty bf G-1- P—lic/was 4.8 x 108 dpm/mM " Therefore,
v0 1 ml of th1s solutiop has one uM of g]ucose (4.8 % ’IO4
.dpm) Therefore, the cpm was corrected for recovery and

‘countxng eff1c1ency and then d1v1ded by 4.8 x 104 to. obtain fd;

“uM\of glucose This wai ‘then expressed ‘as per g of tissue

B AN

per m1nute For examp]e, 0 1 m] substrate reacbing with

}0‘1 m1 tissue homogenate in five minutes gives the count

,,,Q

of 58 951 cpm 1n the glycogen synthesized So,

58,951 cpm 58_95‘52 ‘°9 - 10.53[&{104 dpm

.

S R e \ 4‘ P UL

oA 10,83 x 108 L% .
. 10.53 x.10% dpm 2,19 M
,jfﬂﬁiff;§fﬂﬁj255ly‘” 4 8 x 104 R



 APPENDIX C (Continded)

This is in 6.17,m§ of tissue. Therefore, the enzyme e
' oo . ‘ g o L
activity per g of ‘tissue per minute:; - v
4 I KR S
2.19 L
- = 71 uM glucose
. 6.17 x 10-3 x 5 ' Wi 3lucose |

8. - Glucose 6-PDH

An 1nternat1ona1 un1t of (IU) of G- 6 PDH 1s that

amount of enzyme wh1ch ox1d11es 1 uM of: G 6- P per mlnute

per llter of serumih To ca]cu]ate IU of’ G- 6 PDH subtract'

“the two minute reading from - 7 m1nute readlng and mu1t1p1y
the resultlng AA by the approprlate factor obta1ned from

vthe fo]]uw1ng formu]r in case of 11verb20 000 X g super—

4

natant anc expressed in IU/ er 11ver 20, OOO X g super— o

[

natant per minute. g '_ - h ,;f;' . i

where - AA ~h.absorbance ;hange between readlngs'

I =$t1me between absorbance read1ngs

i

samp]e vqume in mt . ;- [P

sV
v

total react1on vo]ume 1n ml
. = reagent vo]ume amd samp?e vovgne
+ ? o.

e'é'mo]ar ab?orpt1v1ty of NADPH2 at 340 nm
'-a,;“s 22 X 10 cm /mo1e"' ‘ |

Then IU'per 1iter of Tiver supernatant per mlnute ‘was

d1v1ded by the amount of tissﬁe used to. obtain one llter

y,,~ g . .
IRty »\',» ) o

SRR E K S T
B R U , L

—

Y
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APPENDIX C (Continuedy

»of 20 000 x g supernatant and f1na11y the enzyme activ1ty
was expressed 1n IU/g 11ver/m1nute. For examp]e, a factor

pfy9680 was obtained for a sample of 10 lambda ‘as follows:
s : : , . : . ‘
o CMA 3.0 1 - ’

IV = +— x : X - — x 1000

T 5 .oT. 6.22 x 100 x 10°°

= AA x.9680 per liter per minute

Now to express IU in per g liver per minute, this
factor AA X 9680 shou]d'be.aivfded by the amount of liver
present in one 11ter of supernatant For example, using
416 g 11ver in one 11ter of supernatant with a .10 lambda
samp]e, it gave AR 0.237. \Therefore, IU per Kl l\ver per .

ot ©_.0.237 x 9680 -
:mmnute | 5716 5. 52
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- . APPENDIX D

1. . BUN Calculations
(a) Reagents Used =~ -

| i. EDTA, onme percent, pH étS
_ ii. BuffereddureaSe (Sigha type II);
Sigma Chemicals Ltd., .(st Louis, Miss., U.S.A.)

Dlssolve 50 mg of urease in a few m] of one.per—
cent EDTA in a 100 ml volumetric f]ask " Add 0.5 m] of
g]ycerol and make up to 100 ml with one percent EDTA

E iii. Phenol Color Reagent
_ D1ssolve 10 g of reagent grade pheno] in d1s-
't111eg water and add 0.05 g of sodium nltropru551de and
dissolve. Make up to one ]1ter and store 1n a dark bott]e
o iv. -A]ka]ine Hypoch]or1te Reagent |
_{NaOC1) o |
‘ Dissolve ‘& g of sod1um hydrox1de in approximately
500 ml of d1st1]1ed water. Add 8 m] of commerc1a] sodium
hypochlor1te so]ut1on (five percent available ch]orlne)
Make up to one ]1ter
v, Stock Urea Standard
, D1sso]ve 2. 143 g of reagent grade urea in _
| d1st111ed wa;eré%nd dllute to 100 ml. This g1yes 1 ml = N '}_‘,
f10m9N RN SR |
| | B Vi; Norkii§ Urea Standards N . .
+Dilute each of the fol]ow1ng amounts of stock

nrea standard to 10 m] with d1stilled water' - 0.10 m1,
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APPENDIX D (Continued)

’ - ~

0.30 ml, and O.Sd\;}\ This gives(gtandards.of 10,’30,'and
50 'mg N/100 m1, respectively.

vii./Contro1 Serum and Labrol

(b) Procedure
i. P1pette 0.50 mil of buffered urease .
_standard into each of a series of test tubes for a b]ank
three standards, contro] serum and unknowns.
’ ii. To the approprlate tube (except the
‘blank) add 20 lambda of standard, contro1 serum, or unknown.

iii. P]ace thej eﬁt tubes in a 50°C water

bath for six minutes or 37° c bath for 15 mlnutes
iv. Add to !ach tube (1nc1ud1ng the b]ank)
in the fo110w1ng order

=}a. 5 ml pheno] co]or reagent

“y .o

,JQMQ_JL‘“,p,%*% _ bu-5 ml alkali hypoch]or1te reagent,
Promptly'm1x the céWtentsuof each test tube us1ng parafilm
s ;g @va .

& a cover for the tubes to prevent contaminatlon
*:7::..

V. Rep]ace fﬁ% test tube in the '50°C water

.bath for six m1nutes or 30° C for 15 m1nutes for color

t.development _ _ '
. .yi;‘ Read the abSorbance on a photometer using
- a wave]ength of 540 nm. “thewtgqorvls‘stable for at least
f1ve hours R . e

’ u(ci' Ca]cu]ationsv ,
i.stead_from.a_Standard Graph

~
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To draw the graph, plot the photometer readings
(as ordinate)'against the’urea‘nitrogen‘COncentrations (as
abscissa). The standard graph.éhou]d‘yield a straight
line. B . N
T R ™

ii. Reading of Unknown

x Concentration of

Reading of‘Standard standard -
| - mg N/100 ml
L4 . . ) '
(d) Precautions
i. The . procedure is hlgh1y sem51t1ve to

ammonla and consequent]y should not be used where ammonia
contam1nat1on is llkely to occur.

ii. The blank should not exceed 40 K]ett

".units when read aga1nst water, if 1t exceeds this value,

'the rebgents e1ther'have become contamInated or have aged:
| | ?iiid A hlghly turbld spec1men wh1ch may -
1mpart turb1d1ty to the final co]ored solution shou]d be\c
corrected by addlng gﬁeno] color reagent to spec1men
blank. This s1tuat1on ‘may on]y occur in case of analysis
of. h1gh1y 11pem1c specimens. |

iv;‘ Urea nltrogen concentr;§¥ons as hlgh as
50 mgtper 100 nl 1n the samp]e can be determ1ned w1thout‘

’ dilution. If the co]or is too 1ntense to read accurately,

'_'dilute the unknown with the b]ank (e.g. 1 m] unknown,

2 m] blank) and. app]y the approprIate d11ut1on factor .
(x 3 in th1s sample) ' 4

©e
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APPENDIX D (Continued)

TN, -

c2. Strycture Determihatibn of Glycogen
¢ g
o Sodlum th]OSU fate ard sodlum perlodate

’:(Allied Chem]ca]s, N. Y.} both were standardized by the

: ox1dat1on of glycerol (a standard compound) with periodate;’. \
(Fisher' Sc1ent1f1c Co s Fa1r1awn, N~J ). MWhen treated w1th
KI and H 504, the sample conta1n1ng g]ycero] 11berates two

"\

moles less I2 (per mole of g1ycero]) than the correspond1ng=

_b]ahk, the I, being measured by t1trat1on;w1th th1osu1fate.

EY

5 . CH,0H o HeHo

2 o -
O . . + | ;
CHOH  + 2NaI04 —>  HCOOH + 2Na103
S A I -
% CH,O0H " HCHO

oy

: The‘moles df g1ycefo1'were caicu1atéd 1 mo]e of

"ﬁgiycero1 = 2 moles of 12 = 4 moles of th1osu1$ate or 2

‘ﬁalés of thiosulfate = 1 mo1e of I, reduced to 103

V.The;efore, 1 m1 of. 0. 1 M th1osuifate t,0-5 ml of O.]iM‘
iodate. |

:{E? o e ‘(a) Périodate'COnsumptions .

o | f' o B (Uremic Sample) w

We know that four moles of th1osuzfate reactéb'
' 0

with 2 moles v‘nerated by 2 moles of 10, 103"

) The%fore, mo'les of

o Yo
J_af : L f
. . .

- a(1wmole”194f =

1
r\)
3
Q.
—-l

ﬁu
R
-
—be
O
‘f’ﬁ
—h

reacted: 103“‘_ f; i

- ; ¥
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The difference between blank and sample (2 m1)

- 12.6 v 11.6 = 1 ml. Therefore, number of moles of thio-

F*‘ o

sulfate 1 x 0.1 x 1073 ¢,

1 x10°% moles.

-4

Therefore, moles of 10

1 x 107" T
5 -

5 x 1072 moles.

"Tota11104‘ eonsumption in 47 ml1 (40 ml 0.46% g]ycogen + 7

-ml NalO,): S -

5 x 107° x 47"

s = 1.18 x 1073 notes

40 mts.0.46% glycogen

- _ : 5
= QLiQT%EAQ = 0.184 g glycogen v

\Therefore, ‘1 g glycogen (of uremic sample) consumes

1.18 x 1073
0.184

3

= 6.41 x 10° ‘moles of 104-

S1W11ar1y, contro] dbfference between b]ank and samp]e

A A Y I PO ; 1.1 °m) thiosulfate
\\ . . Y . .
Number of moles of thiosUlfa;e», , . A
o = 1.1 x 0.1 x 10” 32901 x 107% motes
of 10,7 = ? .1 ; 10 5;5x_gof5 moles.

3

o329 .

e
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| Total 10, consumption in 47 m1 (40 m1, 0.56%
glycogen + 7 ml NaIO#)

o . , - »
5.5 x ‘g). X 47 = 1.29 x 1073 moles

40 mls. 0.5% glycogen

. 0.50 x 40 o
) _—ffT%E"“' = 0.20 g_glycagen

-

Therefore, 1 g of glycogen in control consumes

e -3t ,. - I
]’28_';0]9 ‘ = 645 X ]0-3 »mg]e..s Of'IO4- . | t

;The number of g]ucose residues per g g]ycogen was’ then

e
ca]cu]ated as- fo]]ows

1 g’g]ycogen.consumed_6.4i xl1o'3 mo]esvof,104'.
There?ore,lfhere are.6g41lx 1@f3 mo1e§ of gldcose residue/
g of g]yEOgen, since 1 mole 104-,attacks}1 glucose residue-
vonly." | | | | .

| Theoret1ca11y, 162 g of g]ucose g1ve ‘one

‘glhcose residue. Thg;efore, one g glycogenv .

N x‘JOf moles of glucose residue
162 e T -

_S1mi]ar1y, for the contro] sample -

Since 1 g. of g]ycogen consumed 6. 45 x 107 3 mo]es
‘_:Of glucose, therefore, it has 6.45 x 10 "N moles of glucose

,residues. R T
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APPENDIX D (Continued)

. (b) Production of Formic Acid
~(Uremic Sample)
The‘number of-mO]es of HCOOHﬂprodUCed from 10 ml_

I aliquots of 50 ml samples

- = (0.30 ~ 0.05) or 0.25 x 0.05 x 10" moles |

(corrected for blank) (since 0.05 N NaOH was used).

= }1.25 x 1075_moles
Therefore, total number of moles in 50 ml @
S 5 | o
- ‘1°25~§0i9 x50 = 6.25 x 10'5‘mo1es

ThlS is 1n 0.184 g of g]ycogen, therefore, 1 g of g]ycogen
,d‘produces

o sl .
6'28.?8;0 (5%0 3.4 x 1074 md1es

.}Therefore, 1 g of g]yc&gen 3.4 x 10 4‘ho]es'o# non-
;_reduc1ng ends (S1nce number of moles of HCOOH formed "fi

number of moTes of non-reducing ends).

“Similarly, in the-contro1:

Loy

oot 0 m produced (0.20 ~ 0. 05) or 0. 15 x 0.05 x

SRR A |
{”y“ I 10 "3 moles "'-é,_ [ R
(correct for b]ank) ’ “ //v \\\
. : / L
-5

- 0.75 x 10 jf1es“o%-ucoon.

.
v
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Therefore, the total number of ‘moles of HCOOHAin 50 ml

1 0.75 x 10”2 x 50

) -5
( T0. —e3,75 x 10

-moles

“This ie in 0.20 g of glycogen, therefore, 1 g of -

'glycooen df

¢ | = ‘3 78.;0]0 S = '158§‘x 1074 mo]es)dfﬁnon-
reducing end.’_ " ¥

\ (t) 'The Determination of

| : ReducingaEnde (Uremic Sample)
The followingiis the description of the set-up

of standard glucose cdrve, g]ycogen#samples (both for

uremic and tontrol) and the results obtained after reading-

1332

0D at 540 nm (see page»333. ). the corresponding glucose -

quantity'was interpO]atedvfor each samole from the
standard curve in- f1gure 26.
The number of moles of reduc1ng ends per g of

' rglycogen by the d1n1trosa}1cy1ate method

25 mg g]ycogen_s 25.5 x 10'6

| 9 réddting;groop;
. (from;graph's'ZS.S ug. g]ocoee).‘ Therefore,"i g~of N
glycogen‘." - T
| 25.5 x 10°%
EERT

=,].02.x“10'3 g 3 . v
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C
Therefore, the number of moles of reduc1ng equ per g of
1.02 x 10-3

gtjcogen = H2Epaids < 5.7 & 1076, N

= o - - | \
Similarly, for Controﬂ' . -e \\\\ | r
s ( N : : : (\\,A A [P

til

0.05 g gl&cogen 18.0 x 1. © g reducingvenqs,v

 thexefore, 149 of glycogen

9.6 x 1074,

~7 _ 48.0 x 10°
- i . 0.05
\.

- .

Y PR o
_ 9.6 107 [ - © -6
= Zygg— - 5.30x 107

(d) ‘Calcnlation‘of-cdmpjete - . 57,
| St#ufture o o
i. Tne Aye}age>Numper gf Glucose Residuee
per Mole of‘Glycogen Lo o -

S _ Slnce the number of reduc1ng ends = the‘number

bf-moles of g]ycogen, the average number of glucose res1due5»

:: per mo]e of glycogen %i.

. . ho. of residues of glucose/q
: no. of reducing'ends/g

6.41 % 1073
5.7 x-10-06

='1125 (uremic)

iTherefone,(;;e\;waer of Tg}ej of reduc1ng ends per g <!

334
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-3 :
) A5,475 X 'I_O - = 1217 _ (control)
5.3 x 10-6 a ‘

-/‘ [}

i{i. The Average Molecular Height.
SR =:Ré§idue M. Wt. x No. of

:Glucose Residues/Md1e

A :.“,\1"."«";‘;'“ .
' : ; 5 o N
= 162 x 1125 = 1.82 x 10° (uremic) S
s . ' l : . - v . . s : & o - . . (,
.;: 162 x 1217 = 1.97 x ]Q= (COhtrO]ﬁ' e PN

-

iii. The Average Number of Branching
. y : ) _
" Points = Number of Non-reducing

‘ Eﬁqs -1

.

1
]

60:~ 1 =.59 (uremic) . N

36 - 1

35 (codtrg])' j:

[ . -

Since the number of noh-redpcing'ehds/moiejgf_

&

"~ glycogen : . . . ‘ N ;74". . _ r“ ;@“

. no. of moles of 1on-reducing ends/g . R

g _ no. of moles of -educing end/g JLf‘;u
. ‘, ' . S = . 'y
=-no. of non-reducing ends ¥
o .

_For uremic

“3.a x 00 - EEE
= 22 —~ = 60 A PR
5.7 x 1076 T B

"For control = no. of nbnﬁreduffﬁaﬁenhS 
1.88 x 107% =i s :
5.2 x A0-5 |

N . . . SRS L
B . Q SN : © : 1Y
N o A ¥
y . - . - i R -
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S .
iv. Average Number of Segments
LS Zgi'nﬁ. of non-reducing epds -1
‘ = 2 X'50f¢51 = 119 (uremic)’
" | < . o

vgfxgﬁbif 1 71 (control)

Average Number of Glucose

’5f7’;!"“. Re;idues per'Segment
y*vz’ Av. glucose residue/mole ‘ T
x Av. no. of segments R
1125 g e s, ‘
___‘} —-T-rg— = 9.5 (‘uremlc)
v - l%%l- - 7.1 (control) ' ¢
el o C
-j@i_ . ﬁk Lo 3@“ G]ucose Calculation
i To ca]cu]ate the g]ucose conﬂen;rat1on, a ser1es B

-l

of standards were run and the va]ue for F was ca]culated in

" H

the following way, and‘was found to be 463 v
/ £ - vmg% glucose standard . -
AA of the standand A e

s

For unkﬁown samples, the g]ucose concentratlon

- was obta1ned by calculating. AA for the sample and

‘tmu1t1ﬁ1y1ng it by the factor (F 1%%93) derived ‘in the

above equatlon

Mg d]ucose (per ]00 m1 p1asma) of unknown

'F x AA.of unknown
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DETERMINATION OF PLASMA FREE AMING ACIDS

quumn

(Short Co

No.

l
lumn)

Type of Tesiﬁ‘

Height of resin

v “Flow rate:
- Buffer pump
\-E

Resin
0.8 x 25 ¢m

£ )
0.8 ml/min

- 0.8 x 50 cm

L 018-mi/minute"

¥

Column No. 2
(Long Co]umn)

_'49% DVB (d1v1ny1 benzene)
‘;12 microns 51ze X

Column back ; L2 ' 2
pressure . 1% Kg/ew»l 26HKg(cmy
1st ‘temperature .  45°C ‘ 45°C fpr72—1/2 hours
2nd temperature.  55°C r 55°C for remaining time-
. o . S . '
Temperature ‘ . L T
change time 130 min . , 150 minutes 5
: o , L n © o . .
Reaction bath SR Y et o
temperature e A : S : °
Range . 570 ‘mu 440 mp
' X 3 ‘ x 3
T | Sodium cigfate ] Lithium eitrate buffer
,qu11e phaee buffer . s A .
: pi  -Flow rate pH Flow rate
| & , . (min} _ (m1n)
st buffer ' = 4.15 M %.62 120 for 2 hours
. S e VR ST
2nd buffer ~ ~ 5.36 & 155 3.00 120 for 2 hours

3rd buffer

3

'Agino acid standerd‘(physio]ogital)'A/N‘uSed?

.90 180 for 2-1/2 hours

,Each_m] of

solution contained 2.5 micromoles of each amino acid except -

i

L
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J.

'as 1nd1cated in parenthes1s,'1n 0.1 N HC]

L- Asparag1ne (1 25) B ‘ L—a—amino adipic aé}d (0.623
'L-a;amino-n-butyric'acid T | DL~8-§minoisobutyric écj&
DL-O-phosphosefiﬁe (] 25)‘ | O-phosphoethanolamine (1.25)
L-cystathionine &] 25) : Lécit?u]line'(0;62)
Hydroxy L- pro]1ne/ N _L-sarcdsine'(lﬁZS)
L- gJutamlﬂ’chd v . . - Taufﬁne (1.25)1
L-methionine | L-aspartic acid
~ Létyrosine - o ‘L-isoleucine
fL cystine (1.25) ’ : | Glycine
“L p{;ny]alanlne \f SR - L-valine
L-proline o - .  :‘ L-]éﬁtine S -
L-alanine | o f  Urea (37. 50) '
_ L-threbning o o _ g-alanine (1.25).
”[\sm he e

20087 Amino acid staﬁdard-physiologicai B. Each ml of
" solution conta1ns 2 50 m1cromo]es of. each amino ac1d and e ~
ammonia except a%\qnd1cabed in parenthesis, in 0. 1 N' HC]
V'DL pYus a]lo de]ta i:‘_ E ’u' Y- aminobutyric acid ‘
hydroxylys1ne ' P : .

“Ammonia as (NH4)2504

"L#trypt6bhan - ' _';, s 1L-brh1fh1ne-”
L-T- methy1h1st1d1ne_ J A -_L-3¥métﬁy1ﬁistidiné‘.
L- h1st1d1ne “,.'gf . o L- anserine (1 25)

: L-angnJme f“x’ R S carnosine
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D11u%ion Factor

-

: prote1n1zat10n gave 1.8 ml supernatant ‘Then 0. 7. ml

vnterna] standard was added to glve\a'T V. = 2.5 ml

~ (pH ‘adjusted to 2.5).

Ditution factor for uM per mr S

o Q_§§5§l_§ = 0.576 m]s’p]asma On the_co]umn'

A
[Ny

A Therefore, dilution factor

308 = -0.1389.

A

For examp1e' three ml of p]asma after de4

339
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APPENDIX F
Restricted'Diet

The consumption of'food by uremic rats was

followed over a perlod of 4 weeks It was observed that the dﬁ

average da1]y food 1ntake in the uremic group was ‘not more
~than 23 g per rat (range being 20-23 g per rat per day) |
‘compared to the Sham operated control group, whose daily
food 1ntake ranged between 28 and 32 g per rat. Thus, in
the uremic, group the food 1ntake decreased by about 30% in
“comparison with the normal _ N ‘

To delineate the effect of calor1c~deficiency or
”decreased-foodtintake, secondary to uremia,.fromAthe ‘total
‘urem1c effect on d1fferent parameters measured the dte;/
'V1ntake : was restricted in a group of rats, those rats
were ma1nta1ned by g1v1ng each of‘hem only 23 g. dai]y of the
~ same food as given to,the sub-totally nephrectomized_rats

‘and the sham' operated contro1jrats.
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