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Role of liyperuricaemia in critically ill patients 
especially newborns

D  BO DA

D epartm en t of Paediatrics, U niversity  M edical School Szeged, H u n g a ry

The results of anim al experim ents and clinical observations concern­
ing th e  pathological role of hyperuricaem ia and the effect of a llopurino l tr e a t­
m en t in  acute m etabolic d isturbances and critically ill p a tien ts  is reported.

In  uricase enzyme blocked ra ts  trea ted  by oxonic acid, u ra te  nephro­
p a th y  could be elicited by  endogenous purine catabolism  in shock. H y peru ri­
caem ia aggravated th e  shock, while allopurinol increased th e  su rv iv a l tim e. 
In  shock resis tan t ra ts  hyperuricaem ia did not develop w hen shock was 
elicited. A llopurinol prevented hyperuricaem ia and increased th e  physical 
perform ance of swimming ra ts , while in  experim ental DIC allopurinol re­
duced m arkedly  the hyperuricaem ia and  the  kidney dam age.

In  clinical studies a  close correla tion  was observed betw een th e  degree 
of hyperuricaem ia and the severity  of illness. Serum uric acid values were 
lowered in cases trea ted  by  peritoneal dialysis. In  randomized co n tro l studies 
of newborns w ith IR D S the surv ival ra te  was improved by  a llopurino l t r e a t­
m ent.

In  critically ill patien ts w ith  various illnesses allopurinol p reven ted  the 
progression of the  pathological process and improved the clin ical condition.

The effect of allopurinol in  acu te clinical m etabolic d isturbances 
m ay be due to  its p rotection  aga inst th e  renal damage by  hyperuricaem ia 
and against purine loss b y  inhibition  of xanthine oxidase during  th e  hypoxic 
stress and th e  enhancem ent of hypoxan th ine salvage by H G P R T . A llopuri­
nol reduced the  production of superoxide radicals and th u s  th e  effect of 
in ju ry  m ay also be m oderated b y  xan th in e  oxidase blockade.

We have studied the pathological 
importance of hyperuricaemia (HU) 
in acute clinical conditions on the 
basis of the earlier observation that 
HU was a regular finding in acute 
shock-like syndromes [2, 6, 11]. It 
was assumed that HU was not 
only accompanying acute metabolic 
disturbances but also an important 
pathological factor driving the events 
towards the irreversible stage. The 
present paper gives a survey of our 
experiments and clinical observations 
on the subject.

M a t e r ia l s  a n d  M e t h o d s

A n im a l experiments.

R a ts  trea ted  w ith oxonic ac id  (OA) were 
used  as experim ental m odels. OA specifi­
cally  blocks the uricase enzym e of the 
an im als whose purine m etabo lism  thus 
becom es sim ilar to  th a t of m an . T he final 
degradation  product of purines is u ric acid. 
OA an d  its potassium  sa lt w ere prepared  
by  th e  m ethod of B randenberger [7]. The 
com pound was adm inistered in traperito - 
nea lly  in  10% solution in  fou r doses of 250 
m g/kg  a t  tw o hour intervals.

A llopurinol (Ap) (Milurit®, E G yT, B u­
dapest) was adm inistered in  a  dose of 100
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m g/kg b y  gastric tube 1 2 h  and 1 h  before 
to u rn iq u e t application.

T he se rum  and kidney acid con ten ts were 
determ ined  b y  the  m ethod of K alckar 
[16].

H U , uric acid nephropathy in  uricase 
blocked rats in  shock. (Experim ents p e r­
form ed in  collaboration w ith  P . Pénzes, A. 
Geese, K . S tre itm an , E . Zsilinszky, and
I . K a rá d y ).

The an im als used in  these experim ents 
were 160—260 g R -A m sterdam  ra ts . Sub- 
le tha l shock  was induced by  th e  procedure 
of S toner [26] by  arresting  th e  circulation 
com pletely  in  the  tw o h ind  lim bs for 2 h.

A to ta l  of 63 ra ts  were divided in to  five 
groups: G roup I, un trea ted  anim als; Group
I I ,  r a ts  tre a te d  w ith OA; G roup I I I ,  an i­
m als in  to u rn iq u e t shock for 2 h  and  killed 
8 h  la te r ;  G roup IV, anim als tre a te d  w ith 
OA as in  G roup I I ,  and in shock elicited as 
in  G roup I I I ,  then  killed 4 h a f te r  release 
of th e  to u rn iq u e t ; Group V, like Group IV, 
b u t k illed  a fte r release of th e  tou rn iquet 
only in  th e  te rm inal stage (6-14 h).

H U  in  О A  treated shock; its prevention 
by A p  (S tu d y  in collaboration w ith  I . Virág, 
E . Z silinszky, and Z. Toldy).

T he an im als used in  these experim ents 
were 160-180 g CFY ra ts . A to ta l of 30 an i­
m als w ere used. A tou rn ique t w as applied 
on th e  tw o  h ind  lim bs fo r five hours. The 
experim en tal groups were, G roup V I, shock; 
G roup V II , shock and OA trea tm en t; 
G roup V TII, like group V II, b u t trea ted  
w ith  OA an d  Ap.

H U  and uric acid nephropathy in  О A  
treated shock resistant rats (Experim ents in 
co llaboration  w ith I . K arády , E . Zsilinszky, 
P . Pénzes, К . S treitm an, and A. Geese.)

A to ta l  of 80 R -A m sterdam  ra ts  of 180- 
200 g w ere used. The experim ental groups 
were G roup  IX , О A tre a te d  controls; 
G roup X , shock by  2 1/2 h  tou rn iquet; 
G roup X I ,  О A trea tm e n t and  shock; 
G roup X I I ,  anim als m ade resis tan t to  
shock b y  repeated  tou rn ique t application 
for 2 1/2 in te rvals of 48 h. The anim als after 
24 h  w ere bled then  th e  serum  and renal 
tissue u ric  acid levels were determ ined, and

the  degree of renal uric acid p rec ip ita tion  
registered.

Effect of  A p  treatment on H U  and on 
physical performance of О A  treated sw im ­
ming rats (Experim ents made w ith  th e  
co llaboration  of I. Virág and Z. Toldy).

A to ta l  of 70 CFY rats  of 240-380 g was 
used. T hey  were m ade to  swim b y  th e  
m ethod of F ren k l e t al [12] w ith  a  load of 
5 g/100 g body  weight. The perform ance 
was characterized  by the tim e w hen th e y  
defin itely  sank . Then from  the dead a n i­
m als b lood w as taken  to  determ ine th e  
uric acid level. Experim ental groups: G roup 
X II I ,  co n tro l animals; Group XTV, OA 
tre a tm e n t; G roup XV, OA and A p t r e a t ­
m ent; G roup  XVI, Ap trea tm en t.

Effect of A p  treatment on disseminated  
intravascular coagulation (  D IG  ) in  О A  
treated rats (Experim ents in collaboration 
w ith J .  S tre itm an , E . Eck, A. M ágori, and  
I. Török).

A to ta l  of 80 CFY rats of 150-260 g were 
used. D IC  w as produced by sim ultaneous 
i.p. ad m in is tra tio n  of 0.6 m l of 40%  epsi- 
lon-am inocaproic acid (EACA) and 1000 U  
th rom bin  every  hour. Six hours la te r, a f te r  
bleeding th e  animals, uric acid p rec ip ita ­
tion  in  th e  kidneys and the serum  uric acid 
conten ts w ere determined.

E x p erim en ta l groups: Group XVTI, con­
tro l an im als; Group X V III, anim als w ith  
DIC; G roup X IX , animals w ith D IC tre a te d  
w ith  О A; G roup X X , animals w ith  D IC  
trea ted  w ith  О A and Ap.

Clinical Exam inations

Ap w as given orally or the substance was 
dissolved b y  th e  m ethod of K ann  e t al [17] 
and given in  i.v. infusion. The serum  uric 
acid level w as determined by the  m ethod  of 
Morin [19] as modified by us [21]. T he se­
rum  A p level was estim ated by our own 
m ethod  based  on the spectrophotom etrie 
m easurem ent of xanthine oxidase in h ib i­
tion  of A p and  alloxanthin in v itro  [20]

H U  and the severity of clinical shock 
Serum  uric  acid determ inations were done
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in  120 children trea ted  for different acute 
diseases in the intensive w ard.

H U  in  IR D S , and the effect of peritoneal 
dialysis on H U  (Exam inations in collabora­
tio n  w ith  L. M urányi).

A to ta l of 60 newborns was exam ined. 
D ifficulties of neonatal adap ta tion  where 
the  early  sym ptom s of resp ira to ry  d is­
tu rbance had disappeared w ithin 24 h were 
considered as transito ry  tachypnoea; the  
IR D S  I I  group consisted of those who need­
ed no CPAP or PD  trea tm en t as the  ad ­
m in istra tion  of 0.6 F iO a was sufficient to  
keep the  P a 0 2 level above 6.6 k P a . I f  
oxygenation did n o t reach th is  level, the 
case was qualified as IR D S and a  ra n ­
domized CPAP or P D  trea tm en t was given.

Effect of A p  treatment in  IR D S  (E xam i­
nations in collaboration w ith I . N ém eth, P . 
H encz, and K . Dénes).

The diagnostic criteria  of IR D S were the 
sam e as above, i.e. beside characteristic  
sym ptom s the  p a tien t was qualified as 
IR D S  if the  P a 0 2 level could n o t be k ep t 
above 6.5 k P a  w ith 0.6 F i 0 2 trea tm en t. In  
such cases, trad itiona l CPAP trea tm e n t 
was in stitu ted , combined if necessary, 
w ith  P D  therapy . A dditional Ap was given 
orally  in  a dose of 20 m g/kg/day.

Parenteral A p  treatment in  critically ill 
children in  need of intensity care (Studies in 
collaboration w ith I. Ném eth).

In travenous Ap was adm inistered in  a 
dose of 5-10 mg/kg daily  w ith a  continuous

control of the level of th e  drug and  its 
active m etabolite in the  blood in  12 infants 
o r children in a ciritical condition  resulting 
from  various illnesses.

R e s u l t s

Animal experiments

It appears from Table I that 
when sublethal shock was induced 
simultaneously with OA treatment 
(Groups IV and V) the serum and 
kidney tissue uric acid levels increased 
considerably. The changes were highly 
significant statistically. In these ani­
mals uric acid precipitation in the 
kidney was observed in every case.

As Table II and Fig. 1 show, Ap 
treatment moderated the severity of 
HU and completely prevented the 
uric acid nephropathy in OA treated 
rats in lethal tourniquet shock. It 
also induced a significant increase in 
survival. Uricase blockade in the OA 
treated group resulted in increased 
lethality as compared to animals sub­
jected to tourniquet shock alone.

T a b l e  I

U ric acid contents of serum  and renal tissue and th e  degree of uric acid precip ita tion  
in the kidneys in oxonic acid tre a te d  ra ts  in shock

Uric acid (mean and

Group No. standard deviation) Uric acid precipitation 
in the kidneys. No. of 
positive cases and score

of animals
Serum
yumol/1

Renal tissue 
^mol/kg

I 10 74.9±22.0 648± 315 0/10 0
i l 15 86.8±24.3 1059± 184 0/15 0

h i 15 52.9±11.9 1547± 249 0/15 0
IV 10 495.0± 124.9 3534±1350 10/10 +  +  “1"
V 13 718.1±130.9 4420±2374 13/13 +  +  +
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T a b l e  I I

E ffect of allopurinol tre a tm e n t on hyperuricaem ia and  th e  degree of uric acid nephropathy  
in  oxonic acid trea ted  ra ts  in  le th a l shock

_ No. of
&rouP animals

Uric acid (mean and
standard deviation) Uric acid precipitation in 

Serum the  kidneys
^mol/1

VI 10 317.1±107.6 3/7 +
VII 10 1059 ±328 10/10 +  +  +

V III 10 297.5±103.6 0/10 0

No of animals

III

II
b

A:.
-p < Q05

F i g . 1. Survival of shock in  ra ts
1 : anim als trea ted  w ith  saline, 2 : trea tm en t w ith  OA -[- A p (uricase and xanthine oxidase 

blocked ra ts), 3: О A  trea ted  anim als (uricase blocked rats)

In rats resistant to shock whose 
uricase activity was inhibited by OA 
administration, a less significant in­
crease was observed in the serum uric 
acid level and no uric acid precipita­

tion occurred in the kidneys, in con­
trast with the other group which was 
given the same treatment, but had 
not been made resistant to shock 
(Table III).

I l lT a b l e

U ric acid contents of serum  an d  renal tissue and th e  degree of uric acid p recip ita tion  
in  th e  k idneys in  shock-resistant shocked ra ts

No. of
Croup rats

Uric acid (mean and 
standard deviation)

Serum Renal tissue
/zmol/l /nnol/kg

Uric acid precipitation 
in the kidneys.

No. of positive cases 
and score

IX 5 80.3±21.4 696.0± 166.6 0/5 0
X 15 99.3±24.9 1112±464 0/15 0

X I 20 714.0±124.9 4768±170 20/20 +  +  +
X II 20 127.3±85.6 1304±401 0/20 0
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T a b l e  TV

Effect of the allopurinol trea tm en t on hyperuricaem ia of oxonic acid trea ted
swimming ra ts

Group
No.
of

animals

Uric acid (mean and 
standard deviation) 

Serum 
Omol/l)

X III и 2 4 3 .9 ±  73.1

XIV 9 4 1 9 .4 ± 1 4 9 .6

XV 8 1 3 4 .0 ±  94 .6

XVI 14 8 0 .9 ±  29.7

F ig . 2. Survival of ra ts  swimming w ith a  load of 6 g/100 g body weight 
1 : controls, 2: О A tre a te d  anim als, 3: О A +  Ap trea ted  anim als, 4: ra ts  trea ted  w ith Ap 
alone. The difference in  surv ival tim e between groups 1-4 and 2-3 was significant

statistically

T a b l e  У

U ric acid contents of serum  and degree of uric acid p rec ip ita tion  in  kidneys of oxonic 
acid tre a te d  ra ts  w ith  DIC. Effect of allopurinol trea tm en t

Group No. of 
animals

Uric acid in serum 
(mean and standard 

deviation)

Degree of uric acid 
precipitation in the 

kidneys
fim o l/l 0 + + + + +  +

XVII 20 204.6± 96.4 20 0 0 0
XVIII 20 333.7± 163.0 20 0 0 0

XIX 20 1044.0±396.0 4 5 8 3
XX 20 316.2± 160.6 17 3 0 0
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F ig . 3. Serum uric acid level of in fan ts and children w ith  different acu te diseases 
-)- : cases w ithout severe sym ptom s, -f- +  : m oderately severe and severe cases, +  +  + : 
c ritica lly  ill patients. ►}< : cases w ith  fa ta l outcome. Blood tak en  im m ediately a fte r death. 
D o tte d  line: concentration of serum  sa tu ra te d  w ith uric acid. P o ten tial danger of production

of u ric  acid m icrocrystals

According to Table IV, maximum 
physical performance provoked sig­
nificant HU which could be prevented 
by previous Ap treatment. The data 
in Fig. 2 show that Ap treatment 
improved the performance of swim­
ming rats.

Table V shows that HU could be 
elicited in DIC produced by thrombin 
and EACA in rats treated with OA. 
While Ap markedly reduced the HU, 
the kidney damage was also less in­
tensive.

Se uric acid /jmol/l

F ig . 4. Serum uric acid level in  new born infants w ith  adap ta tion  d isturbances 
T R : tra n s ito ry  respiration d istress syndrom e (RDS). RDS I I .  Mild cases of RD S no 
needing  respiration  therapy . IR D S  CPA P: IR D S cases needing distending pressure 
tre a tm e n t. IR D S PD : IR D S cases tre a te d  w ith  peritoneal dialysis. L eft side: serum  uric 
acid levels a t  admission. R ig h t side: H ighest serum  uric acid levels m easured during 
tre a tm e n t. U pper line: po ten tia l danger o f uric acid m icrocrystal precip ita tion . Lower 

line: upper lim it of serum  u ric  acid level in  healthy  preterm  new born infants
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T a b l e  V I

M ortality  ra te  of control and allopurinol tre a te d  preterm  infants w ith  IR D S

No. of patients Lethality
with IRDS died per cent

Control group 56 22 39.3
Allopurinol treated group 60 9 18.0
Statistical significance p <  0.05

Clinical studies

As it can be seen in Fig. 3, HU was 
regularly found in patients under in­
tensive care and there was a close 
correlation between its degree and 
the severity of the condition irre­
spective of the basic disease.

Figure 4 shows the blood uric acid 
levels in newborns suffering from 
respiratory adaptation troubles. In 
the most serious cases HU was >  400 
/rmol/1 at admission, a dangerous 
value from the point of view of renal 
damage. The level increased parallel 
with progression of the illness. The 
fact that lower serum uric acid values 
were found in the PD treated group 
may suggest that one component of 
the favourable effect of PD consists of 
the moderation of HU.

Considering the results of earlier 
examinations, we felt it necessary to 
study whether Ap treatment aiming 
at xanthine oxidase inhibition would 
improve the life expectancy of new­
borns with IRDS. As Table VI shows, 
Ap treated newborns with IRDS 
presented an improved survival rate. 
The difference between the treated 
and the control group proved to be 
significant statistically.

Further data showed that the de­
creased mortality rate of infants with 
IRDS was accompanied by a decrease 
in the the serum concentration and 
urinary excretion of uric acid. In 
these patients a concomitant improve­
ment of renal function, as indicated 
by an increased rate of urinary flow, 
creatinine and sodium output, was 
also obvious. These data will be pub­
lished else were [5].

Based on the above results it seemed 
justified to apply Ap treatment in 
critically ill patients whose clinical 
condition deteriorated progressively 
in spite of previous intensive therapy. 
Ap was given i. v. under a regular 
control of the blood Ap level.

From the 12 seriously ill patients 
all but one recovered. The treatment 
prevented the progression of the 
pathologic process, the patients’ con­
dition improved and a quick decrease 
of the previously extremely high 
blood urate was observed. No harm­
ful side effects were noticed [4].

D is c u s s io n

The present results seemed to con­
firm our assumption that HU occur­
ring regularly in acute conditions is
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not only a symptom but also an im­
portant part and an aggravating 
factor in the pathologic process of 
shock. The conclusions may be sum­
marized as follows.

Blockade of uricase by О A [15] is an 
excellent experimental model for the 
study of the role of HU in clinical con­
ditions. Urate nephropathy provoked 
by endogenous purine catabolism 
in shock may explain the particular 
inclination of humans to shock since 
the human organism possesses no 
uricase. HU aggravates the shock, 
while Ap treatment increases the 
survival of shock. It was remarkable 
that in stressful conditions otherwise 
leading to HU, in shock resistant ani­
mals no significant increase occurred 
in the serum uric acid level. Ap given 
in a therapeutic dose to prevent HU, 
increased the performance in rats 
exposed to maximum physical load

These results and observations of 
the role of HU in newborns suffering 
from adaptation disturbances and in 
children under intensive care have 
made us to apply Ap treatment in 
such clinical situations. The idea 
was supported by a number of studies 
on the importance of HU in human 
pathology, the role of purine degra­
dation in shock or hypoxic processes 
[9, 14, 17, 23, 24, 25] and partly with 
the protective role of Ap in tissue 
ischaemia and consecutive hypoxia 
[1, 8, 10, 27]. During treatment the 
blood level of Ap and its active me­
tabolites was regularly controlled.

Since there was no control group, 
we cannot affirm the efficacy of Ap 
treatment. A similar study in new­

born infants suffering from IRDS 
was, however, performed in randomized 
control experiments. The favour­
able results obtained so far seem to 
suggest the use of Ap in similar clini­
cal conditions but to corraborate it, 
further research is needed.

It is assumed that the favourable 
effect of Ap may be largely due to its 
protection against renal damage by 
HU and to the prevention of the 
intravascular coagulation induced by 
increased uric acid production.

Once degradation of a nucleotide 
to uric acid has proceeded beyond 
the xanthine-hypoxanthine level, it 
becomes irreversibly lost from the 
nucleotide pool. Prevention of the 
purine loss by inhibition of xanthine 
oxidase preserves the nucleotide pool 
during the hypoxic stress. The reutil­
ization of oxypurines, suggested by 
the decrease in the total purine loss, 
is economical, because the energy 
requirement (ATP) for de novo purine 
synthesis is 6 times higher than that 
needed for reutilization.

Results of recent isotope studies 
suggested that enhanced purine sal­
vage, in other words the reutilization 
of hypoxanthine through the enzyme 
hypoxanthine-guanine-phosphoribosyl- 
transferase (HGPRT), during Ap 
treatment is an important property 
in humans [10]. An enhanced hypo­
xanthine salvage by HGPRT will 
increase purine nucleotide synthesis 
and decrease the de novo synthesis of 
purine, which is regulated through 
feed-back inhibition by the nucleotide 
pool. Thus a decrease of de novo pu­
rine synthesis may occur secondarily

Acta Paediatrica Hungarica 25, 1984



D Boda: Hyperuricaemia 31

to increased hypoxanthine salvage
[20]. This mechanism provides some 
assurance that the previously pro­
posed inhibition of de novo purine 
synthesis may be a less dangerous 
consequence of Ap therapy in pre­
mature infants.

The therapeutic effect of Ap in 
hypoxic conditions is considered to 
exert a beneficial effect against ischae­
mia by preventing the loss of purine 
bases from hypoxic cells. More recent 
results suggest that the superoxide 
radical, an unstable and cytotoxic 
form of molecular oxygen, has a role 
in the pathogenesis of ischaemic muco­
sal lesions and that the enzyme 
xanthine oxidase is the source of 
superoxide radicals in the ischaemic 
small bowel [13]. The studies of 
Parks et al [22] using Ap indicated

that the xanthine oxidase inhibition 
provides about the same degree of 
protection of the mucosa from ischae­
mic injury as that afforded by 
superoxide dismutase. The findings 
with Ap strongly support the hypo­
thesis that xanthine oxidase is the 
source of superoxide in intestinal 
ischaemia [22].

According to recent experimental 
data, hypoxanthine and oxygen in 
combination are destructive to lung 
tissue, possibly due to an increased 
amount of free radicals [25]. Hypo­
xanthine accumulates in neonatal 
hypoxia, and free radicals can be 
produced during resuscitation with 
oxygen [25]. Thus, inhibition by Ap 
of xanthine oxidase, which also cata­
lyses the formation of superoxide 
radicals, may be of some advantage.
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