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Abstract

Several studies show the ability of macrophages to remove partiateg words
injected into the bloodstream. This function seems to be increased Renal failure
the presence of acute renal failure. The objective of the present stufigticuloendothelial system
was to assess the phagocytic function of the main organs (spleen, fiy#ragocytosis
and lung) of the mononuclear phagocytic system in renal and postrerf4pcrophage
failures. Fifteen rats (250-350 g) were divided into three groups (N S¢intigraphy
bilateral nephrectomy. On the third postoperative day, all animals

received aiiv injection of 1 ml/kg?®"Tc sulfur colloid. Blood samples

were collected for the assessment of plasma urea, creatinine, sodium,

and potassium concentrations and arterial gasometry. Samples of

liver, spleen, lung and blood clots were obtained and radioactivity was
measured. Samples of liver, spleen, lung and kidney were prepared for

routine histopathological analysis. Plasma urea, creatinine and potas-

sium concentrations in groups Il and Il were higher than in group |

(P<0.05). Plasma sodium concentrations in groups Il and Il were

lower than in group | (P<0.05). Compensated metabolic acidosis was
observed in the presence of postrenal failure. Group Il animals showed

a lower level of radioactivity in the spleen (0.98) and lung (2.63), and

a higher level in the liver (105.51) than control. Group IIl animals

showed a lower level of radioactivity in the spleen (11.94) and a higher

level in the liver (61.80), lung (11.30) and blood clot (5.13) than

control. In groups Il and Il liver steatosis and bronchopneumonia

were observed. Renal and postrenal failures seem to interfere with

blood clearance by the mononuclear phagocytic system.

Introduction microorganisms, vital dyes and colloid par-
ticles. Most studies on spleen clearance have

Infectious complications are still a majorbeen based on the ability of macrophages to
cause of morbidity and mortality in patientsremove and retain particles injected into the
undergoing regular dialysis treatment. Thidloodstream. The capture of radioactively
increased morbidity and mortality in the presiabeled particles by macrophages may be
ence of uremia seems to be due to dysfunweerified in scintigraphic images. Otherwise,
tion of polymorphonuclear leukocytes (1-4).quantitative assessment of spleen macrophage

It has been established that the spleen c@hagocytosis can be made using carbon col-
retain obsolescent red blood cells, harmfubids (5-9).
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We have compared qualitative and quaneut the present investigation in order to de-
titative methods for measuring spleen macermine the influence of renal and postrenal
rophage function by studying scintigraphicfailures on the phagocytic function of the
images corresponding to histological secmain organs (spleen, liver and lung) of this
tions in different species which had receivedystem.
injections of radioactively labeled sulfur col-

loid and China ink (7). Material and Methods
Our results have shown that sulfur colloid
without technetium or witli°Tc or ®"Tc, at A pilot study was undertaken to assess

doses as small as those employed in routirgirvival time after surgical procedures using
scintigraphy, is able to reduce significantly thelO rats divided into two groups (N = 5):
splenic capture of tiny carbon particles (Chingroup |, bilateral nephrectomy, and group
ink). The data suggest that the impairment di, ligature of both ureters. Survival time
splenic macrophage phagocytosis was causegs 48 h for group | and 60 h for group II.
only by the sulfur colloid (7). The animals were highly uremic in both

Based on the literature and on our previeases.
ous investigation, we conclude that the ex- The study was carried out on 15 adult
haustion of phagocytic cells and/or opsonind\Vistar rats of both sexes weighing 250 to
or competition for blood components, may350 g, obtained from the Medical School of
play a pivotal role in phagocytic impairment.the Federal University of Minas Gerais. They
Endocytosis of the sulfur colloid may bewere maintained in cages with up to five
responsible for macrophage saturation. Ananimals of the same sex, with free access to
other possibility is an inhibitory effect at thenatural food and water. The animals were
level of the macrophage membrane. A toxidivided into three groups (N = 5): group | -
effect of the colloid on macrophage func-control (healthy animals - no procedures),
tions has not been reported in the literatureyroup Il - ligature of both ureters, and group
and we did not find any alteration that mightll - bilateral nephrectomy.
suggest this hypothesis (7). The ligature of both ureters and nephrec-

The blood clearance of abnormal or fortomy were performed according to the fol-
eign particles by phagocytic cells may bdowing steps. Inhalatory ether anesthesia was
inhibited by previous administration of par-offered before the beginning of the opera-
ticles such as several colloids and heparin tion and when the rats started voluntary move-
the blood. Despite uncertainty concerningnents during the 30-min experiment time;
the mechanism of inhibition of blood clear-no respiratory depression was observed. The
ance by prior administration of foreign par-abdominal cavity was entered through a mid-
ticles, the process seems to operate at lediste incision.
partially through the blockade of the phago-
cytic mononuclear system by interfering withGroup 11
macrophage function (8,10).

We believe it is worth to propose that the Through a median laparotomy the retro-
changes in internal environment provokegeritoneal space was opened and both ure-
by uremia are able to modify the activity ofters were separated from surrounding tissue.
different cells, including macrophages. IfEach ureter was cut in the middle of four
this is true, this phenomenon could influ-ligatures (using 5-0 polyglycolic acid thread).
ence the phagocytic function of this systemThe abdominal cavity of all rats was closed
Following a line of research related to than two layers with 2-0 polyglycolic acid
mononuclear phagocytic system, we carriethread.
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ether anesthesia, and the rats did not present
any sign of respiratory failure during the 2-
The pedicles of both kidneys were disimin operative time.
sected close to these organs in the retroperi- Samples of liver, spleen, lung and kidney
toneum. The posterior parietal peritoneunwere removed from all rats, prepared for
and the tissue surrounding the kidneys wenmutine histopathological analysis, and
removed. The Gerota’'s fasciae of the kidstained with hematoxylin and eosin.
neys were divided and separated from the The mean values were analyzed statisti-
adrenal glands. The renal pedicles were tiechlly by ANOVA, with the level of signifi-
with 4-0 polyglycolic acid thread and bothcance set at P<0.05.
kidneys were removed. Hemostasis was care-
fully revised and the abdominal cavity wasResults
closed in two layers with 2-0 polyglycolic
acid thread. Table 1 shows that plasma urea, creati-
On the third postoperative day, all ani-nine and potassium concentrations were
mals (groups |, Il, and Ill) received an intra-higher in groups Il and Il than in group |
venous injection of*"Tc sulfur colloid (1 (P<0.05). These levels were higher in group
ml/kg) through the femoral vein, and werell than in group Ill. Plasma sodium concen-
killed 30 min later by an inhalatory ethertrations were lower in groups Il and Il than
overdose. Blood samples (4 ml) were colin group | (P<0.05). These levels were lower
lected from the vena cava for the assessmeintgroup Il than in group lI.
of plasma urea (enzymatic test), creatinine Table 2 presents the mean values of arte-
(colorimetric test), sodium and potassiunrial gasometry for the three groups. There
(Ise selective electrode) concentrationswas no significant difference between groups
Samples of liver, spleen and lung (2 cnland Ill. The presence of compensated meta-
each) were obtained and a 2-cm blood clot
was also collected. Each of these sample
was introduced into a small plastic cup ant
precisely weighed. Radioactivity measure

Group Il

renal and postrenal failures.

1171

Table 1. Plasma urea, creatinine, sodium and potassium concentrations of rats with

ments were verified by introducing the cups Parameters Crap | ey I ey [
with the samples into a gamma-camera pir (Control (Ureter ligature) (Nephrectomy)
hole collimator. Radioactivity was assesse! urea (mg/di) 40.60 + 6.54  686.20 + 62.69*  665.60 + 31.36*
per gram of tissue. The total amount of ra Creatinine (mg/dl) 0.52 + 0.05 10.02 + 1.96* 9.12 + 0.25*
: L : : Sodium (mmol/l) 141.00 + 1.86  123.96 + 3.72**  120.34 + 227*
dloaC“Vlty InJeCted intoeach animal was Potassium (mmol/l) 3.03 = 0.37 9.32 + 1.33** 7.42 + 1.20*

considered to be 1. Based on this value, tt
radioactivity determined in each organ wa:
proportional to “1”.

An extra group of nine rats was studied ir
order to verify the presence of acidosis ir

*P<0.05 compared to control; *P<0.05 compared to group Il (ANOVA test).

Table 2. Arterial gasometry of rats with renal and postrenal failures.

animals with renal and postrenal failures. Th:

. o . Parameters Group | Group Il Group Il
anlma|S were d|V|ded Into thl’ee gI’OUpS (N = (Contro|) (Ureter |igature) (Nephrectomy)
3): group | - control (healthy animals - no

; pH 7.356 = 0.031 7.318 + 0.05 7.332 = 0.083

procedures), grqup Il - ligature of both ureters pCO, (MmHg) 41.567 + 10.169 20.37 + 8.21*  37.600 + 11.692
and group IIl - bilateral nephrectomy. HCO3 (mmol/l) 22.433 + 3.988 10.43 + 4.86*  18.967 + 2.815
Blood samples (4 ml) were collected by Base excess (mmol/l) -2.400 = 2.615 -14.07 + 6.09* -5.967 £ 2.255

abdominal aorta puncture for arterial gasom

. . *P<0.05 compared to control (ANOVA test).
etry. This procedure was carried out unde P ( )
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bolic acidosis was observed in group Il whemuent anemia of the organ. This picture is
compared with group | (P<0.05). There wagompatible with mild to moderate early hy-
no significant difference between groups lidronephrosis (Figure 1).
and Ill. Groups | and Il did not present important
The proportional and real mean radioacmorphological alterations as far as the spleen
tivity values in each sample (liver, spleenjs concerned. Chronic and relatively intense
lung and blood clot) are presented in Table Zongestion was observed in group 11
The animals of group Il showed a lower In group I, histology of the liver showed
level of radioactivity in the spleen (P =moderate to diffuse vacuolar or hydropic
0.000009) and lung than the control groupdamage to the hepatocytes and small areas of
However, the animals of group Il had anecrosis with focal collapse of trabeculae.
higher level of radioactivity in the liver (P = The liver of groups Il and Ill presented
0.000006) compared with the control groupdiffuse steatosis. In group |, histology of
The level of radioactivity in the blood clot the lung did not show any important alter-
was not different from the control group. ations. In groups Il and Ill, small focuses of
The animals of group Il showed a lowerdiscrete bronchopneumonia were observed
level of radioactivity in the spleen (P<0.0006) Figure 1).
than the control group and a higher level in
the liver, lung and blood clot than the controDiscussion
group, although the difference was signifi-
cant only for the blood clot (P<0.04). Renal failure is characterized by impor-
Group Il presented a lower level of radio-tant hydroelectrolyte alterations and the ac-
activity in the spleen, lung and blood clot,cumulation of nitrogen compounds. Patients
and higher levels in the liver compared tawith this syndrome present frequent infec-
group Il (P<0.03). tions and are usually susceptible to a high
Histologically, group | presented moder-rate of sepsis (5). In our study, the acidosis,
ate focal active pyelonephritis in one kidneythe high level of urea, creatinine and potas-
sample. The other samples did not presestum as well as the low level of sodium in
any important alterations. Group Il presenteglasma confirmed the presence of renal fail-
irregular, mild to moderate dilation of theure. The group submitted only to ureter liga-
renal tubules, tubular epithelium atrophy withture had more severe electrolytic disturbances
the presence of hyaline casts inside the distprobably due to the maintenance of the kid-
tubules, capillary compression and conseneys affected by urinary retention. This con-

Table 3. The proportional and real values of radioactivity (2MTc sulfur colloid - 110 mBgq) in the mononuclear phagocytic system organs and blood
of rats with renal and postrenal failures.

Samples Group | (Control) Group Il (Ureter ligature) Group Il (Nephrectomy)
Proportional Real (mBg/g) Proportional Real (mBag/g) Proportional Real (mBa/g)
Liver 0.599 + 0.030 65.82 + 3.29 0.962 + 0.016* 105.51 + 1.76* 0.625 + 0.305* 68.75 + 33.55"
Spleen 0.345 + 0.039 37.92 + 4.29 0.008 + 0.004* 0.98 + 0.44* 0.122 + 0.073** 3.42 £ 8.03**
Lung 0.050 + 0.028 5.54 + 3.08 0.023 + 0.015 2.63 + 1.64 0.083 + 0.019* 9.13 + 2.09*
Blood clot 0.004 + 0.002 0.44 + 0.22 0.003 + 0.001 0.33 + 0.11 0.017 + 0.01** 1.87 + 1.10**

Radioactivity was assessed per gram of tissue. The total amount of radioactivity for all samples from each animal was considered to be 1. Based on
this value, the radioactivities determined were proportional to “1”.
*P<0.05 compared to control; *P<0.05 compared to group Il (ANOVA test).
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dition may have contributed to the higher
electrolytic alteration in this group.
Previous studies on diabetic patients ha
suggested a possible interference of ketoac
dosis with monocyte receptors, provoking
functional disturbances in these cells. Lactic
acid interferes with tumor necrosis factor

the presence of acidosis as a factor able
complicate the acute renal failure and tc
interfere with the mononuclear phagocyti
system. Since the metabolic acidosis of ol
animals was compensated, a possible int
ference of this disturbance was not takel.
into consideration.

The blood clot radioactivity indicates the sgsr_
rate of sulfur colloid in the circulation fol- &
lowing its intravenous injection. An elevated s

has been reported to be provoked at Ieast a
part by phagocytic cell inhibition or opsonrn"‘
depletion (14).
In our study, both the renal and postrene - ; :
groups presented decreased spleen phago« -
tosis indicated by the reduction &Tc .
sulfur colloid capture by the cells of the;".ﬁ 3
mononuclear phagocytic system. It may be ", Tl
proposed that this blockade does not deper " «
on the presence of the kidney since the altel
ations occurred in both groups. Its exact
mechanism remains to be investigated. Basea#
on the literature, we may ascribe to the splee®,
an early filtering role. Following renal fail- £
ure the macrophage functions reached thes
Iimit or were impaired and consequentl

-1-'-

Figure 1. Histological sections from rats submitted to
ligature of both ureters (A) and ligature of both ureters
plus nephrectomy (B and C). A, Renal medullar tissue
presenting mild dilation of tubules and atrophy of the
tubular epithelial cells. B, Hepatic parenchyma showing
hepatocellular steatosis. C, Pulmonary parenchyma pre-
senting small alveolar focuses of inflammatory cell infil-
tration. Hematoxylin and eosin stain. Magnification
200X.
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were less removed than they would be unddound in the spleen of nephrectomized rats

normal conditions. However, we do not havevas not specific and therefore did not provide

enough data to propose colloid retention duenough data to explain its physiopatgyl.

to renal failure. Itis known that patients with renal failure
It is known that the liver, as the mostare more susceptible to pneumonia. The fo-

important organ in the reticuloendothelialcal bronchopneumonia found in all groups

system, is able to increase its phagocytic rolsuggests a possible role of the reticuloendo-

when necessary, enhancing colloid uptakehelial system in this susceptibility.

The efficacy of this process probably pre- The results of the present study suggest

vented the necessity of other organs to irthat renal and postrenal failures interfere

crease their phagocytic function (15-17). with blood clearance of the colloid by the
We did not find any data in the literaturemononuclear phagocytic system.
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