PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 147, 1-6 (1974)

Blood Kininogen in Renal Hypertensive Rats (38269)

H. R. Croxatro, J. CorTHORN, J. ROBLERO, R. GARCIA, AND R. ALBERTINI

Laboratory of Physiology, Institute of Biological Sciences, Catholic University of Chile,

Santiago,

The striking decrease in urinary kallikrein in
renal hypertensive rats and the correlation found
between blood pressure levels and Kininogenase
activity in the urine led to the assumption that
kallikrein is involved in the renal impairment
which promotes the blood pressure rise (1, 2).
Moreover, nephrectomy produces a considera-
ble increase in kininogen which is significantly
higher than that observed in rats submitted to
sham operation or to different surgical traumas
(3, 4). Furthermore, preliminary experiments
disclosed a rise in plasma kininogen in a small
group of rats having a moderate and long-lasting
renal hypertension, thus providing further sup-
port to the theory that a kallikrein-like enzyme
could be released by the kidney as a regulatory
mechanism (5).

In order to shed some light upon kidney in-
volvement in the kallikrein—kinins system, an
experiment was designed to investigate whether
a change in blood kininogen can be observed in
an earlier period of renal hypertension. Besides
kininogen, blood nitrogen urea was measured, in
order to assess the magnitude of the renal im-
pairment provoked by the renal ligature.

Material and  Methods.  Twenty
Sprague-Dawley male rats (80-90 g body wt)
were operated according to Grollman’s tech-
nique (6). A figure-in-eight ligature was placed
inone kidney, and the contralateral was removed
a week later. From this group, 15 rats were used
for kininogen determinations; they were sac-
rificed at intervals 47-123 days after the kidney
removal. A group of 14 sham-operated rats of
the same age was used as control. Blood-
pressure determinations were carried out
routinely once or twice a week. The photometric
method recommended by Gilson (7) was
adopted, and the blood-pressure tracings were
recorded using a Grass polygraph.

Kininogen and urea measurements. To esti-
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mate plasma kininogens, trypsin was used, ac-
cording to the method of Fasciolo et al. (8);
instead of the hind leg perfusion bioassay, two
different biological preparations were used to
test kinins: isolated rat uterus and cat jejunum.
Rat uterus is a very sensitive and reliable organ
to measure pure kinins. The specificity of this
test has been challenged when crude samples of
kinins are used since the tissue is also sensitive to
other substances (angiotensin, neurohypophys-
ial hormones, etc.). Besides, peptides from
plasma substrates other than kininogen, which
potentiate the uterus to the kinins action, are
released during trypsin hydrolysis (9, 10). Cat
jejunum has been selected as one of the most
specific biological preparations to detect kinins.
It relaxes under catecholamines, does not re-
spond to angiotensins, and is not directly af-
fected by kallikrein. The day before the experi-
ment blood pressure was measured in one hyper-
tensive and in one control rat. Twenty-four hours
later, under bromethone anesthesia (Avertin,
Winthrop) given intraperitoneally (0.1 ml di-
luted 1 X 40 per 100 g body wt), the animals
were bled. A DE-90 polyethylene catheter, filled
with heparin solution (19 mg/ml), was intro-
duced into one carotid artery. The blood col-
lected in a polyethylene tube was immediately
centrifuged. Samples of 0.2 ml in duplicate were
taken from each plasma for kininogen determi-
nations. Urea nitrogen was measured in the
plasma, using the micromethod of Skeggs (11)
adapted to a Technicon Autoanalyzer, and was
expressed in mg of urea per 100 ml of blood.
Isolated organs. Nonpregnant female rats and
small cats (500-700 g) were used. A uterus horn
from a rat was immersed in Tyrode modified
solution (12). Longitudinal strips about 3-—4 mm
wide and 5-6 cm long were cut from the cat
jejunum and bathed in Krebs solution, according
to Ferreira and Vane (13). The preparations,
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FiG. 1. Effect on rat uterus and cat jejunum of trypsin
hydrolysate of plasma from one normal (No. 947) and one
hypertensive rat (No. 2). (A) In 2-5, effect of 10, 15, 20, 25,
and 30 ng bradykinin; in 6-8, effects of 0.1, 0.3, and 0.2 ml
of normal rat plasma hydrolysate; in 9-12, effects of 0.02,
0.03, 0.01, and 0.05 ml of hypertensive rat plasma hydroly-
sate. (B) Similar assay upon cat jejunum.

kept in Krebs solution in a refrigerator for 18-72
hr, were more sensitive than the freshly pre-
pared. Bradykinin (Br) (ampoules from Sandoz,
Basel) diluted in Tyrode solution (100 ng/mi)
immediately before the experiment was used as
standard. Kininogen was expressed in ug of
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bradykinin per ml of plasma.

Results. Figure 1 shows typical responses of
both biological preparations under the action of
two plasma extracts, one obtained from an
hypertensive rat and another from the control. In
this particular experiment, the contractile effect
produced by the hypertensive sample upon
uterus and jejunum was approximately 3 times
higher than that of the control, but the absolute
values of bradykinin equivalents of both plasmas
were greater in the test performed on the uterus
than on the jejunum. These quantitative differ-
ences between uterus and jejunum responses to
the same extract were reproduced in most of the
experiments as shown in Tables I and II. These
tables summarize kininogen values found in 14
control rats and 15 kidney-ligated rats, of which
all but one had abnormal blood pressure at the
end of the experiment. A significant increase
(P < .001) in kininogen levels of all the hyper-
tensive rats, as compared to controls, was found
both in uterus and jejunum bioassays.

Kininogen measured by using rat uterus. The
average values were : 7.75 = 6.2 ug Br equiva-
lent per ml plasma (Br/mtl) for the hypertensive
group, and 2.15 * .64 ug Br/ml for the control
one. The lowest kininogen level among the rats

TABLE I. ¢~

Control Rats

Hypertensive Rats

Days

Kininogen Kininogen Blood Pressure

Rat No (ng/ml) Rat No. (pg/ml) Last controt Average elapsed
35 3 3 5 205 161 46
36 1.8 18 34 175 170 47
46 1.3 10 6.9 200 190 80
47 1.5 2 17.6 200 187 81
48 3.7 5 4 190 186 82
50 23 7 3.7 170 146 83
54 1.6 13 5.4 200 174 86
57 2 16 24.6 160 165 88
64 1.8 9 6.1 150 154 107
68 2.1 19 3.7 150 151 113
69 2.5 14 3 190 166 114
72 2.5 15 13.6 180 181 120
73 1.3 4 2.7 120 134 122
74 2.1 6 34 150 154 123
75 2.1 11 4.1 150 168 123

Mean values 2,15 = .64 7.7%6.2 172 £ 25
and SD

@ Kininogen in ug/ml of plasma measured by uterus bioassay in control and hypertensive rats. Blood pressure in mm Hg:
average during the experimental period (between kidney operation and bleeding days) and blood pressure found in the last
control; days elapsed from the day of uninefrectomy up to the day of bleeding.
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TABLE II. Kininogen in ug/ml of Plasma in Control and Hypertensive Rats Measured by Using Cat Jejunum Bioassay; and
Blood Urea, in mg/100 ml.

Control Rats

Hypertensive Rats

Kinin Urea Kininogen Urea

Rat No. (ng/ml) (mg%) Rat No. (ug/ml) (mg%)
35 1.2 - 3 4.8 —
36 1.9 — 18 5.9 —
46 .9 49 10 6.4 199
47 1.6 24 2 7.2 94
48 1.4 54 5 4.8 62
50 1.9 58 7 3.8 101
54 1.5 34 13 3.1 51
57 1 34 16 4.3 60
64 1.1 58 9 1.7 56
68 1 39 19 3 73
69 — 34 14 2.7 81
72 1.7 21 15 5.8 36
73 1.1 15 4 2.2 24
74 1.3 17 6 2.6 30
75 1.2 —_ 11 3.8 26

Mean values 1.34+.33 36.4x19 4.1+1.5 68+26

and SD

bearing the kidney ligature was 2.7 ug Br/ml,
found in one animal whose last blood pressure
recording was 120 mm Hg, while the average
during the experimental period was of 134 mm
Hg (maximum : 145 mm). The highest values of
plasma kininogen, 24.6, 17.6, and 13.6 ug
Br/ml, correspond to 3 rats whose final blood
pressure recordings were 160, 200, and 180 mm
Hg, respectively. However, some rats with iden-
tical blood pressure differed in their amount of
blood kininogen. Although all the hypertensive
rats exhibited levels of kininogen above the
normotensive average, the correlation coeffi-
cient (r) between blood pressure and substrate
level was 0.228 and statistically nonsignificant
P =.3).

In Fig. 2, it is possible to compare the average
kininogen levels obtained in the plasma of con-
trol and hypertensive groups by using uterine
muscle assay. The hypertensive group was di-
vided into two subgroups: (1) 10 rats with a final
blood pressure over 150 mm Hg; (2) 5 rats with
150 mm Hg or less. In the most hypertensive
subgroup, kininogen reached its highest average
level: 9.9 + 6.8 ug Br/ml; the average in the less
hypertensive subgroup was 3.91 * 1.2 ug
Br/ml. The latter figure is significantly different
from the average 2.15 = 0.6 wg Br/ml found in
normal rats (P < 0.02).

Kininogen measured by using cat jejunum. In
14 control rats, a mean value of 1.34 = .33 ug
Br/ml was found, whereas the corresponding
value in the hypertensive group was 4.1 * 1.5
(Table II). Similar to the results of the uterus
bioassay, the difference between both groups
was significant (P < 0.001) and the average in
kininogen levels obtained in hypertensive rats
with the cat jejunum test was approximately
thrice as much as compared to the control group
(Table 1 and Fig. 3). An important difference
between the two bioassays can be drawn by
examining the individual and average figures. In
the hypertensive group, the highest figures (7.2,
6.4, 5.9, and 5.8 ug Br/ml) were recorded from
rats Nos. 2, 10, 18, and 15. which exhibited in
the last control group blood pressures of 200,
200, 180, and 175 mm Hg, respectively. The
lowest figure (2.2 g Br/ml) was found in rat
No. 4, whose plasma had also displayed the
smallest oxytocic activity. The individual
kininogen figures show much less scattering
when the plasma extracts are tested in cat je-
junum instead of rat uterus. Furthermore,
kininogen mean values of normal and hyperten-
sive rat plasma determined by the jejunum
method were respectively 1.6 and 1.7 times
lower than the averages obtained with the uterus
bioassay.
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FiG.2. Average values and SD of plasma kininogen determined by isolated rat uterus bioassay; blood pressure
and blood urea in 3 groups of rats: (A) control rats; (B) hypertensive rats with blood pressure over 150 mm Hg; (C)
hypertensive rats with blood pressure of 150 mm Hg or less. Figures in the columns indicate the number of rats.

Urea determinations. Table I and Figs. 2 and
3 indicate the uremia individual and average
values found in both groups of animals. Nine out
of thirteen rats presented higher uremia than the
control group whose average was 36.4 * .19
mg/100 ml (Fig. 2). The mean value for the
hypertensive group was 68 + .26. It is worth
noting that one rat (No. 15), whose blood pres-
sure in the last record was 185 mm Hg and
exhibited one of the highest levels of plasma
kininogen measured with both bioassays, had

normal uremia: 36 mg/100 ml. This result indi-
cates that abnormal uremia is not necessarily
required to find elevated kininogen in the
plasma. However, in the whole, the magnitude
of uremia does not correlate with kininogen
levels, since the analysis of both parameters
yielded a correlation coefficient of 0.06 with a
P > 0.7. No significant difference was found in
blood urea between the control group and the
less hypertensive subgroup of rats.

Discussion. The conspicuous increase in
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FIG. 3. Average values and SD of plasma kininogens determined by isolated cat jejunum; blood pressure and
blood urea in 3 groups of rats: (A) control rats; (B) hypertensive rats with blood pressure over 150 mm Hg; (C)
hypertensive rats with blood pressure of 150 mm Hg or less. Figures on the columns indicate the number of rats.
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kininogen observed in hypertensive rat plasma
confirms a previous report (3) based on a small
group of animals and shows that the biochemical
alterations in the kallikrein system can also ap-
pear in the first period of hypertension and can
probably be registered soon after the triggering
operation. Surgical trauma or a typical inflam-
matory process cannot account for the change in
kininogen levels, since the immediate effect of
the surgical stress or infection was not present
when the blood samples were taken.

The difference in the absolute amount of
kininogen yielded by each one of the smooth
muscle preparations can be explained by the
lesser specificity of the uterus. This difference
supports the fact of the potentiating effect of
some nonactive peptides set free from plasma
albumins by trypsin (10). Apparently, cat je-
Junum, which due to its high specificity has been
routinely used to detect bradykinin-type peptides
(13), is less affected by interfering factors, and
provides more precise data about kinins occurr-
ence in trypsin hydrolysates. The kininogen av-
erage quantitated in bioassays on rat uterus
—either in control or hypertensive rats—is over-
estimated by a factor of 1.6—1.7 when compared
with averages obtained with cat jejunum. The
difference is very close to the factor 1.9 found in
the rat uterus bioassay by Louhija and Sipila (14)
in crude plasma trypsin hydrolysates before and
after removing the potentiating peptides. It is
difficult to ascribe the difference in kininogen
levels between control and hypertensive rats
only to interfering effects of peptides derived
from substrates other than kininogen, because
the control plasma can also generate the same
interfering factors, particularly if albumin is the
protein involved.

The average values of kininogen found in the
blood of control rats: 1.34 + 0.33, and 2.15 +
0.64 g Br/ml in jejunum and uterus bioassays
respectively, are below and slightly above the
figures 2 *+ .9 pg Br/ml found by the method of
Briseid et al. (15). According to this procedure,
the conversion of kininogens into kinins is
achieved through the activation of plasma kalli-
krein by acetone, and no trypsin is employed.
Probably the definitive estimate of absolute
kininogen levels must wait for the development
of more specific micromethods for kininogen
determination. However, the results obtained
with the cat jejunum bioassay disclose consistent
data supporting that kinins precursors are deeply

affected in rats bearing a ligature in the kidney.

The rise in uremia found in most of the rats
rendered hypertensive through the Grollman
technique is a common observation. The average
uremia in the hypertensive group is twice as
much as the control level, and, in general, the
greatest increase of blood urea was observed in
rats presenting the highest blood pressure and
kininogen levels.The three parameters are in-
termingled and probably recognize a common
causal factor which might be the functional im-
pairment of the remaining renal tissue. That
uremia is not a necessary factor for the rise of
kininogen levels is sustained by the coexistence
of very high kininogen levels with normal blood
urea in some of the hypertensive rats. On the
other hand, uremia per se does not affect
kininogen contents in the blood. Normal rats
given furosemide exhibit a high urea concentra-
tion in the blood, but have rather normal or
below normal levels of kininogen (16).

In spite of its relevance, we have no consistent
data about kininogen level in the earliest postop-
eration phase, because unilateral nephrectomy
by itself produces significant increase in blood
kininogen which last 14-20 days (3) and fur-
thermore most of the rats with ligated kidney
show irregular blood pressure changes in the first
weeks of renal hypertension.

The significant increase in blood kininogen
observed in all hypertensive rats by using two
different bioassays points in favor of the theory
that the kallikrein—kinin system is affected by the
kidney deterioration and that the rise in
kininogen can be caused by an enzymatic de-
ficiency of the renal tissue. If a decrease in kalli-
krein activity in the urine reflects a renal im-
pairment to produce this enzyme, then such a
deficiency might account for the substrate rise,
in a parallel fashion as angiotensinogen rises
when renin is lacking. In this connection, the
experiments reported by Roblero et al. (17),
showing that kidneys perfused with artificial
fluids are able to release a kallikrein type enzyme
in the perfusate and urine, make more feasible
the theory that a kallikrein of renal origin is
involved in some systemic regulation. ‘

Summary. In renal hypertensive rats whose
hypertension was induced by a figure-in-eight
ligature of one kidney and the removal of the
contralateral one, a significant increase in blood
kininogen was found (P < 0.001). Kininogen
determination was carried out using trypsin as
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kininogenase, and the kinins formed were tested
by using two bioassays: isolated rat uterus and
cat jejunum. Kininogen average values in 15
hypertensive rats were equivalent to 7.75 = 6.2
wg Br/ml when using the uterus, and 4.1 = 1.5
with the cat jejunum bioassay. In a control group
of 14 rats, both biological tests gave the average
values of 2.15 = .64 and 1.4 = .33 ug Br/ml,
respectively. In the hypertensive rats, a signifi-
cant increase in uremia was also observed. Re-
sults indicate that the renal impairment produced
by the kidney ligature alters-the kallikrein sub-
strate in the blood and lend support to the theory
that renal kallikrein might be involved in some
systemic regulation.

1. Croxatto, R. H., Boletin de la Academia de Ciencias,
Instituto de Chile 1, 176 (1969).

2. Croxatto, R. H., and San Martin, M., Experientia 26,
1216 (1970).

3. Croxatto, R. H. Medicina Buenos Aires 32, 18
(1972).

4. Zach, H. P., and Werle, E., Naunyn-Schmiedeberg’s
Arch. Pharmacol. 276, 167 (1973).

5. Croxatto, R. H., Rev. Med. Chile 100, 708 (1972a).

6.. Grollman, A., Proc. Soc. Exp. Biol. Med. §7, 1102
(1944),

7. Gilson, W. E. Electronics, May (1942).

8. Fasciolo, J. C., Espada, J., and Carretero, O., Acta
Physiol. Latamer. 13, 215 (1963).

9. Hamberg, U., Ann. Chirurgiae Gynaecol. Fenniae
61, 238 (1972).

10. Weyers, R., Hagel, P. D., and Van der Meer, B. C.,
Biochem Biophys. Acta 279, 331 (1972).

11. Skeggs, L. T., Amer.J. Clin. Pathol. 28,311 (1957).

12. Croxatto, R. H., and Noé, G., Comentarii Pontificia
Academia Scientiarum 40, 1 (1971).

13. Ferreira, S. H., and Vane, J. R., Arch. J. Pharmac.
Chemother. 29, 367 (1967).

14. Louhija, A., and Sipild, R., Biochem. Pharmacol.
21, 1151 (1972).

15. Briseid, H., Dyrud, O. K., and Svein, O. L. E., Acta
Pharmacol. Toxicol. 28, 124 (1970).

16. Croxatto, R. H. (In preparation) (1973).

17. Roblero, J., Croxatto, H., Garcia, R., and Corthom,
J., submitted for publication (1973).

Received Jan. 29, 1974. P.S.E.B.M., 1974. Vol. 147.



