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The Study on Human Urinary Prekallikrein

— A Method for Measurement and Clinical Application in
Patients with Essential and Endocrinological Hypertension —

Teruaki MITA and Kazuaki SHIMAMOTO
Department of Internal Medicine (Section 2), Sapporo Medical College
(Chief : Prof. O. Iimura)

In order to clarify the pathophysiological role of renal kallikrein-kinin system, a new method for the
measurement of urinary prekallikrein was established, and urinary excretions of total kallikrein, kallikrein
and prekallikrein were determined in the patients with essential hypertension, primary aldosteronism and
Cushing syndrome.

Urinary prekallikrein was converted to an active form by trypsin treatment. Urinary total kallikrein
was determined by measuring the kallikrein levels after trypsin treatment. - Urinary prekallikrein levels
were calculated by subtracting active kallikrein values from total kallikrein values. Kallikrein was
measured by both the direct radioimmunoassay (enzyme quantity) and kininogenase assay (enzyme activ-
ity) methods. Significant correlations were obtained between immunoreactive kallikrein and kininogenase
activity in total kallikrein, active kallikrein and prekallikrein.

In essential hypertensives,urinary excretion of total kallikrein which reflects the renal prekallikrein
synthesis, was significantly lower than that in normal subjects. The same tendency was also observed in
the urinary excretion of active kallikrein. However, urinary kallikrein/total kallikrein ratio reflecting the
conversion ratio from prekallikrein to an active form in the kidney, was the same as normal subjects.
These data suggest that the suppressed urinary kallikrein excretion in essential hypertensive patients, may
be explained mainly by the inhibited synthesis of prekallikrein in the kidney, and not by a disturbance of the
conversion process from prekallikrein to an active form.

In the patients with primary aldosteronism, urinary excretion of kallikrein, total kallikrein and conver-
sion ratio from prekallikrein to an active form were significantly higher than those in normal subjects,
suggesting that the augmented urinary excretion of kallikrein in the patients with primary aldosteronism,
may be caused by an increase of both the prekallikrein synthesis and conversion from prekallikrein to an
active form. In the patients with Cushing syndrome, urinary excretion of total kallikrein and active
kallikrein showed no significant differences from those of normal subjects. However, the conversion ratio
from a prekallikrein to an active one increased significantly compared to that of normal subjects. The
mechanism of the increase in the conversion ratio for Cushing syndrome still remains unknown, although the
glucocorticoid may be connected with this mechanism.

Thus, it was concluded that the determination of all components of renal kallikrein-kinin system
including prekallikrein seems to be useful to investigate the pathophysiological role of renal kallikrein-kinin
system in various hypertensive diseases. (Received August 24, 1987 and accepted September 27, 1987)
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+ Buffer 80!
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(0.2M Tris HCI buffer. PHB.0) | Trypsin (120 kg)40 4

(chymotrypsin free)
37C. 6min

SBTI (4804ug) 404l
]

Direct RIA or Kininogenase assay

Prekallikrein=Total kallikrein —Kallikrein

Fig. 1 Assay procedure of urinary total kallikrein and
prekallikrein. Urine sample was incubated
with chymotrypsin-free trypsin at 37C for 6
minutes, and the reaction was stopped by addi-
tion of SBTI. Afterwards, kallikrein contents
were measured with direct radioimmunoassay
(direct RIA) and kininogenase assay which
represent the total kallikrein. Kallikrein was
evaluated in non-treated urine. Prekallikrein
was calculated by the subtraction of kallikrein
level from total kallikrein level.
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Fig. 2 Effect of various amounts of chymotrypsin-free
trypsin on activation of prekallikrein.
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Fig. 3 Effect of incubation time on activation of pre-
kallikrein. Activated prekallikrein levels were
represented as percent changes of basal kalli-
krein.
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Fig. 4 Effects of chymotrypsin-free trypsin and/or soy bean trypsin inhibitor (SBTI) on direct radioimmunoassay
(direct RIA) or kininogenase assay of urinary kallikrein.
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Fig. 5 Correlation between immunoreactivity and
kininogenase activity in total kallikrein in 6
normotensives (NT), 6 patients with essential
hypertension (EHT), 4 patients with primary
aldosteronism (PA) and 5 patients with Cush-
ing syndrome (Cushing).
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Fig. 6 Correlation between immunoreactivity and
kininogenase activity in kallikrein in 6 nor-
motensives (NT), 6 patients with essential
hypertension (EHT), 4 patients with primary
aldosteronism (PA) and 5 patients with Cush-
ing syndrome (Cushing).
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Fig. 7 Correlation between immunoreactivity and
kininogenase activity in prekallikrein in 6 nor-
motensives (NT), 6 patients with essential
hypertension (EHT), 4 patients with primary
aldosteronism (PA) and 5 patients with Cush-
ing syndrome (Cushing). Prekallikrein was
calculated by the subtraction of kallikrein from
total kallikrein, both of which was determined
by direct radioimmunoassay and kininogenase
assay.
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Table 1 Daily urinary excretions of total kallikrein (total KAL), kallikrein (KAL) and prekalli-
krein (pre KAL) in normotensives (NT ; n=7), essential hypertensives (EHT ; n=28)
consisting of 4 normal renin (NRH) and 4 low venin hypertensives (LRH), primary
aldosteronism (PA; n=4) and Cushing syndrome (Cushing ; n=25).
Direct RIA (ug/day) kininogenase assay (ug/min/day)
total KAL KAL pre KAL total KAL KAL pre KAL
NT 308.6+ 31.4 177.1£21.4 134.3£17.1 1271.4£128.6 471.4+ 57.1 785.7+114.3
EHT 125.7+ 32.8**  74.3%20.7*" 48.6+ 9.3** 567.3+135.7** 214.3% 53.6** 346.5+114.3**
NRH 145.7+ 34.2* 85.7+25.7* 54.3+ 7.1* 585.7+171.4* 257.1+ 64.3* 328.6+135.7*
LRH 105.7+ 28.6"*  62.8£15.7** 42 .8+11.4** 542.9+100.0** 171.4% 42.9** 364.3% 92.9**
PA 717.61129.4**  482.4£94.1** 211.8+47.1 1962.9+370.4 981.5+203.7* 925.9+185.2
Cushing  288.2+ 70.6 194.1+£52.9 94.1+29.4 962.9+222.2 518.5+111.1 407.4%148.1

NT; normotensive, EHT ; essential hypertensive, NRH ; normal renin hypertensive, LRH ; low renin
hypertensive, PA ; primary aldosteronism, Cushing ; Cushing syndrome
* . p<0.05 VS normotensive, **; p<0.01 VS normotensive

Direct RIA Kininogenase assay
100 100
P<0.1
b <0.05 1 ’ P<0.05
' - P<0.05
X l 1
-
< — -
X
I 50 r 50
A I-
~
|
<
X
0 M
NT EHT PA Cushing NT EHT PA Cushing
‘n=7 n=8 n=4 n=5 n=7 n=8 n=4 n=5

Fig. 8 Urinary kallikrein (KAL)/total kallikrein (Total KAL) ratio in normotensives (NT), essential hyperten-
sives (EHT), primary aldosteronism (PA) and Cushing syndrome (Cushing).
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M R B58.544.8, 41.2+5.8%, IE renin
B D 59.2+3.8, 46.2+6.2%, {EreninF © 57.7+
5.8, 36.2+5.4% KT TFRLEXRD ot il
7, BEZBC, R4 aldosterone f£, Cushing
FEERY, MAoRIEERRB VT EBERCLIEFD
B (69.1+1.8 % 1850.9+3.2%, 65.5+4.1 Kk O
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kallikrein 124 E M DEN > direct RIA & kininogenase
assay OMBIEEZICHT ALk, v Rbok
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& T, B o kallikrein-kinin % ¥, = o prekalli-
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RIFE SN BIELCEH S 1, TOFEIEEE It
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TERELCH. Fig YRt Z&<, $9HETo
kallikrein 739X C prekallikrein X h FH-EE I
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KIDNEY URINE
preKAL e total KAL
active KAL
active KAL R SR active KAL
inhibitor
e inhibitor
inhibitor bound KAL R bound KAL
Y
preKAL --}---- preKAL

Fig. 9 Hypothetical scheme of various forms of kalli-
krein in the kidney and urine. KAL: kalli-
krein
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krein & TR BT 5 DT, HL EFTHHEHEAL
INRBEH-1BE Y O &L TREL TR LERD
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PRI LB, oK R 2 BRIEE A 4
BErDH, MEOHEY I <BME LS 2T, Wil
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