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Figure 3. Higher power view showing extensive periportal piecemeal 
necrosis with trapping of surviving liver cells within the dense mononu- 
clear infiltrate. Several liver cells show cellular and nuclear enlargement. 
H&E, • 156. 

immune system has been characterized in detail and is also the 
species in which several inbred, recombinant and congenic 
strains are available. Therefore the mouse model described 
here should provide a valuable tool for defining any immuno- 
logical and/or  genetic determinants of CAH. 
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Summary. The activity of intestinal isoenzyme of serum alkaline phosphatase was evaluated in 21 non-dialyzed patients with 
advanced renal failure and in 52 patients on regular hemodialysis. In patients without hepatopathy,  a significant inverse correla- 
tion was found between the enzyme activity and serum calcium levels. Hepatopathy was the most  significant variable influencing 
the enzyme activity in patients on dialysis. Secondary hyperparathyroidism and a decreased rate in enzyme elimination should be 
assessed for the above-normal activities of intestinal ALP in serum in chronic renal failure. 

Elevation in the serum activity of intestinal isoenzyme of al- signed to determine the factors which influence the changes in 
kaline phosphatase (EC 3.1.3.1) has been described in patients the enzyme activity in chronic renal failure. 
on regular hemodialysis ~-3. The present investigations were de- Patients and methods. Measurements were made in 21 non-dia- 
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Biochemical values in patients and in healthy adults (mean :t= 2 SD range) 

897 

Variable Chronic renal failure Control group 
With hepatopathy Without hepatopathy 

n (male/female) 37 (19/18) 36 (17/19) 40 (20/20) 
ALP intestinal U/I 
Blood group O,B 16.9' (2.4-50.0) 3.3 (0.7-15.5) 2.8 
Blood group A, AB 5.2* (1.5-17.5) 2.1 (0.4-10.5) 1.2 
ALP liver U/I 27.0* (7.1-103.4) 1 2 . 5  (6.9-22.7) 14.0 
GMT male U/1 92" (13-658) 29 (6-149) 32 

female U/1 70" ( 1 0-513) 21 (7-62) 28 
Cholinesterase U/1 3544* (1834-6847) 4404 (2730-7675) 6067 
Calcium mmol/l 2.27* (2.00-2.54) 2.20* (1.91-2.49) 2.48 
Phosphate mmol/l 2.04* (1.41-2.67) 1.77' (0.85 2.69) 1.14 
iPTH II ng/ml 0.43* 2.06* (0.53 8.03) 0.4 
iPTH N-terminal ng/ml (0.17 2.94) 0.1 
Creatinine pmol/l 8 6 1 "  (592-1252) 668* (280-1592) 90 

( 1. 1-7.2) 
(0.3-4.6) 
(9.3-20.8) 
(10-99) 
(11-71) 
(3600-10210) 
(2.25-2.72) 
(0.65-1.62) 
(0.1-1.0) 
(0.0-0.3) 
(67-120) 

* p < 0.005, as compared with the control group. With exception of calcium and phosphate, the statistical analysis was applied to logarithmically 
transformed data. 

lyzed patients with advanced renal failure (creatinine clearance 
mean • 2 SD range, 35 ml/min, and 13-85 ml/min, respec- 
tively) and in 52 patients on regular hemodialysis. No patients 
received phosphate binders, vitamin D or its derivatives, anti- 
convulsants or corticosteroids (except for the transplant pa- 
tients and patients with an active hepatitis). In 37 patients (35 
on dialysis), a chronic hepatopathy was documented by a pre- 
vious history of acute hepatitis and serial evaluation of liver 
tests. The dialysis calcium concentration was 2.3 mmol/l. Nine 
patients had a previous history of a non-successful renal trans- 
plantation. The control group consisted of 40 adults without 
evidence of renal, hepatobiliary, or bone disease. Blood sam- 
ples were drawn in the morning after a fasting period of ap- 
proximately 8 h, in patients on dialysis before the dialysis. In- 
formed consent was obtained from all the patients. 
The activity of the intestinal, liver and bone isoenzyme of se- 
rum alkaline phosphatase (ALP) was determined with 4-nitro- 
phenyl phosphate as substrate 4. The total concentration of cal- 
cium in the serum was determined with methylthymol blue and 
corrected for individual variations in serum albumin concen- 
tration s , inorganic phosphate in the serum was determined 
photometrically 6. In all patients, determinations of the serum 
activity of alanine aminotransferase (EC 2.6.1.2), gamma-glut- 
amyl transferase (EC 2.3.2.1, GMT) cholinesterase with buty- 
ryl thiocholine as substrate (EC 3.1.1.8), albumin, creatinine, 
and clearance of endogeneous creatinine, were performed. The 
serum immunoreactive parathyroid hormone (iPTH) was de- 
termined by radioimmunoassay, using Human Parathyroid 
Hormone PTH II and Human N-Terminal Parathyroid Hor- 
mone Kits (Immuno Nuclear Corp., MN, USA). The kits were 
kindly provided by D R G  International,  N J, USA. Statistical 
analysis of the results was performed by commonly accepted 
methods using BMDP 1V, IR, 6R, 9R, 6M and 7M programs 
of the Health Science Computing Facility, University of Cali- 
fornia, Los Angeles, U S A  7. 
Results. Mean values for the variables are shown in the table. 
The intestinal isoenzyme activity in patients without biochemi- 
cal and clinical evidence of hepatopathy was most significantly 
influenced by serum calcium level (fig.). Accordingly, in these 
patients a significant positive correlation was found between 
serum iPTH and intestinal ALP activity (log intestinal ALP 
activity (log intestinal ALP = 0.21+0.72 log iPTH, r = 0.61, 
n = 19, p < 0.01). 
The figure shows that  the activity of the intestinal isoenzyme 
of serum ALP in 44% of the patients with hepatopathy fell out 
of the 95% confidence limits of the regression observed in pa- 
tients without hepatopathy. No significant correlation was 
found between iPTH values and intestinal ALP activity in pa- 
tients with hepatopathy. The multiple regression analysis 
showed that the activity of the intestinal ALP in serum of pa- 

tients with hepatopathy was significantly influenced by blood 
group, liver ALP activity in serum and serum G M T  activity. 
Discussion. The results of the present study indicate that  the 
liver functional state and the role of serum calcium should be 
considered as being involved not only in an increased entrance 
rate of the enzyme into the blood, but also in the removal of 
intestinal ALP from the circulation. In our patients who had 
normal liver function tests and normal serum calcium level, a 
normal activity of intestinal ALP was found. 
In contrast  to the other organ-specific forms of ALP, the adult 
intestinal ALP is an asialoglycoprotein 8. A damage to the 
hepatocyte plasma membrane is known to interfere with the 
hePatic uptake of circulating desialylated glycoproteins and 
lead to their accumulation in serum 9, especially if the patients 
blood group is type O j~ The binding activity of the asialogly- 
coprotein receptor of hepatocytes has been shown to depend 
on calcium ions ~. However, hypocalcemia and a consequent 
secondary hyperparathyroidism might lead to an increased rate 
of entrance of the enzyme into serum as well. Birge and Gil- 
bert ~2 identified an ALP in rat intestine that was stimulated by 
parathyroid hormone. An augmented catalytic efficiency of the 
intestinal ALP could also account for its increased activity ~3. 
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Relationship between serum calcium and intestinal isoenzyme of al- 
kaline phosphatase in patients with chronic renal failure. O, patients 
without hepatopathy; A, patients with evidence of hepatopathy. Open 
symbols, non-dialysed patients; black symbols, patients on dialysis. The 
solid bars indicate the normal ranges for our laboratory • 2 SD. The 
dotted lines indicate the 95 % confidence limits of the regression line in 
patients without hepatopathy (log intestinal ALP = 2.92-1.14 calcium, 
r = -0.47, p < 0.003). 
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Summary. Kluyvera, a proposed genus formerly known as Enteric group 8, was found to have similar enzyme profiles among the 
present 3 groups. Kluyvera species group 3 showed the most heterogeneous enzyme reactions. 

Kluyvera is a proposed genus of a group of  organisms formerly 
known as Enteric group 82 . The organisms are gram-negative, 
oxidase-negative fermentative bacteria which were previously 
separated into 2 species 3 but have recently been divided into 3 
groups. K. ascorbata is the first species and may be isolated 
from clinical specimens such as sputum. K. cryocrescens is the 
second species which also has been isolated from clinical speci- 
mens but may be commonly isolated from the environment. 
The third group, referred to as Kluyvera species group 3, is a 
heterogeneous group that is rarely isolated 2. In an attempt to 
increase the available knowledge about these organisms, the 
present investigation determined their enzyme profiles to char- 
acterize their potential invasiveness and to determine whether 
the species could be further differentiated biochemically. 
Methods. Because limited clinical isolates are available, only 20 
strains of Kluyvera kindly provided by Geoge Morris, Centers 
for Disease Control, Atlanta, GA. were Used in this study, in- 
cluding 9 strains of K. ascorbata, 6 strains of K. cryocrescens 
and 5 strains of Kluyvera species group 3. The strains were 
maintained on MacConkey Agar (BBL Microbiology Systems, 

Enzymatic reactions of 20 strains of Kluyvera 

Enzyme a K. arcorbata K. cryocrescens K. Group 3 
Alkaline phosphatase + 
Esterase lipase (C8) + 
Leucine AP + 
Valine AP + 
Acid phosphatase + 
Phosphoamidase + 
fl-Galactosidase + 
ct-Glucosidase + 
fl-Glucosidase + 
Lipase (C14) 
Cystine AP 
Chymotrypsin 
Trypsin 
N-Acetyl- 
fl-glucosaminidase 

-Mannosidase 
-Fucosidase . 

fl-Glucuronidase 
Esterase (C4) 
ct -Galactosidase 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

m 

b 

c 

a AP, Aminopeptidase; b 1 strain of Group 3 showed positive results for 
Esterase (C4); r 2 strains of Group 3 showed positive results for ~t-Ga- 
lactosidase. 

Cockeyville, MD.) with incubation at 37~ for 24 h before 
testing. After the addition of 3 ml of sterile saline to the cuI- 
tures, heavy cell suspensions were removed and adjusted to a 
turbidity approximately equal to that of a McFarland No. 5 
standard. 
Enzyme assays were performed on each strain by using API 
ZYM System (Analytab Products, Plainview, NY.). Enzyme 
strips were used for the enzyme assays as previously described 
for other organisms 4. 
Results and discussion. It was observed that enzyme reactions 
occurred uniformly in all strains for alkaline phosphatase, es- 
terase lipase (C8), leucine aminopeptidase, valine amino- 
peptidase, acid phosphatase, phosphoamidase, fl-galactosidase, 
a-glucosidase and fl-glucosidase. Two variations were noted in 
group 3 for esterase (C4) and a-galactosidase. 
All strains showed activity for an esterase lipase (C8) and 
phosphatases which may be involved in the virulence of Kluy- 
vera. However, :Farmer et al. 2 reported no activity for gela- 
tinase and stated that these organisms are probably infrequent 
opportunistic pathogens and most common isolates from spu- 
tum are probably not clinically significant. 
Another aspect shown in this study is the inability to differ- 
entiate the 3 Kluyvera groups by these 19 enzyme assays. A 
slight variation was found in group 3, further pointing out the 
heterogeneous reactions in this group. In addition, the colony 
growth characteristics of the members of the genus I(luyvera 
resemble that of Escherichia coli. The absence of fl-glucuron- 
idase activity among the Kluyvera strains could be used to dif- 
ferentiate them from E.coli. E. coli usually demonstrates fl- 
glucuronidase activity, although several other biochemical as- 
says can also be used to separate these genera including ma- 
lonate utilization and growth in KCN 2. 
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