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COBALT-INDUCED ALTERATIONS IN PLASMA
PROTEINS, PROTEASES AND KININ
SYSTEM OF THE RAT
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Abstract - Ruts recciving an injection of cobalt (Co) showed marked changes in plasma
kininogen {Bradykininogen. BKGy levels. and alterations in arginine-esterase and brads-
kininase uctivity, A significant increase in BKG concentrations was seen at 4 and 24 hr
after Co treatment, with maximum titers occurring 4 hr after treatment. Plasma kallikrein
activity was significantly increased between | and 24 hr after Co treatment. Co initiated
a decrease in plasma kininase activity, with minimum activity occurring 8 hr after treatment.
Plasma protease showed peak activity approximately 8 hr after Co administration.
However, Co added in cirro {ailed to enhance the proteolytic activity of rat plasma
from normal as well as cobalt-treated rats. Plasma protein concentrations were
significantly increased above control levels at 18 and 24 hr after cobalt treutment. These
observations would seem to suggest that Co. which is known to initiate a state of histotoxic
{tissuc) hypoxia, might be triggering a mechanism(s) responsible for the changes seen in the
plasma.

THE FACT that cobalt produces a polycythemia by initiating a state of histotoxic (tis-
sue) hypoxia has been well documented.'- * However. the precise mechanism by
which cobalt exerts its effects is not vet clear. Levy ¢f al® and Yastrebov* have
demonstrated cobalt to inhibit certain oxidative cnzymes of the rat kidney in vitro.
This observation was shown to be associated with decreased respiration and a fall
in oxidative phosphorylation. We have shown. along with other investigators. that
cobalt caused an increase in plasma erythropoietin (Ep) production.™ * Ep is a hor-
mone believed to be produced by the interaction of a renal enzyme and a plasma
z,-globulin.® ' The newly formed Ep proceeds to stimulate erythropoietin-respon-
sive cells in the bone marrow with the subsequent proliferation of new red blood cells.

Bradykinin is a4 9-amino acid polypeptide produced by the action of an enzyme
{kallikrein, kininogenase) on an x,-globulin (bradykininogen, kininogen. kalli-
dinogen}in the plasma.'' Rocha e Silva'? suggested the name “kinin hormones”™ for
this class of polypeptides which have no specialized gland of secrction, being released
from inactive precursors in plasma and most tissues including the intestinal tract and
central nervous systen.

In that the substrate for bradykinin formation and Ep production is an x,-globu-
lin. and because we have recently suggested that bradvkininogen might serve as a
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substrate for Ep production after cobalt treatment.” the studics presented here repre-
sent an cvaluation of the effects of cobalt on several parameters of the plasma kinin
system as it exists in the rat.

MATERIALS AND METHODS

Animal experiments. Male Sprague- Dawley rats (250 350 g) received an injection
of cobaltous chloride-hexahydrate (250 umoleskg. s.c.). The animals were sucrificed
at L4, 8120150 18,24, 48 and 72 hr after treatment. Rats receiving only solvent
were sacrificed at the same time intervals and served us controls, At cach time period.
the rats were bled via aortic puncture with a heparinized plastic syringe. The blood
was pooled in plastic centrifuge tubes which contained scveral drops ol heparin (40
units 'ml). Plasma was prepared by centrifuging the whole blood at 2000 rev min for
10 min m an International centrifuge. The plasma was scparated from the packed
cell volume with a plastic syringe. stored in plastic vials, and rozen until used. Care
was taken to avoid contact between the plasma and glass, in that glass is a known
activator of kinin formation.'?

Determination of bradykininogen in plasma. The plasma bradykininogen (BKG) was
estimated by the amount of bradykinin liberated from denatured plasma by an cxcess
of trypsin. according to the mcthod of Diniz and Carvalho.'* This method was
cmployed in our laboratory, because we were concerned with the evaluation of
plasma in terms of its BKG content. It has been indicated that the best method for
guantification of total plasma kininogen is the method we employed in our studies.'”

Biological assays. Bioassay of plasma kinin activity was performed on a segment
of an isolated uterus preparation mounted v a muscle bath (10 ml) containing de
Jalon solution at 30 and bubbled continuously with oxygen. The uterine prep-
aration was taken from rats {200 225 ¢) which had received an intraperitonceal injec-
tion of stilboestrol (0-1 mg/kg) on cach of the 2 davs preceding the experiment. A
log dose response curve was calculated for cach preparation. Kinin activity in the
samples tested was converted to bradykinin cquivalents. In some cases. the data were
expressed as a percentage of control {(kinin activity m plasma from untreated rats).

Bradyvkininase activity. Blood samples of 0-5 ml were employed for determination
of plasma kininase activity. The plasma samples were incubated with 250 ng ol bra-
dyvkinin bitartrate in 1-0 ml ol O-1 M sodium phosphate bufler. pH 7-5. a0 37 for 13
min. The reactions were terminated by immersing the incubate in a 100 water-bath
for 2 min. The mixture was diluted with 1 ml of glass-distilled water. and -5 ml (0-1
ml plasma) of the mixture was assayed for bradykinin activity by emploving the rat
uterus bioassay. The response of the rat uterus to the test sample was converted to
ng of bradykinin from a dosc response curve of known concentrations ol bradyvkinin.
The kininase activity is expressed as ng of bradvkinin destroved'min per 0-1 ml of
plasma. The substrate concentration (bradvkinin) was in excess according to the
defined experiment.

Esterolvtic activity. The plasma esterase (arginine-esterase) activity was deter-
mined according to the method of Hummel.'" The substrate employed in these ex-
periments was z-p-toluenesulphonyl-r-argimine methyl ester hydrochloride (TAME.
HCT) (Sigma Chemical Co.).

Proteolyvtic activity, An cstimation of the proteolytic activity in plasma from nor-
mitl and cobalt-treated rats was carricd out as follows: 1 ¢ of calcium cascinate
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(Hammersten) was dissolved in 100 ml (10 mg/ml) of 0-15 M sodium borate buffer,
pH 8:0. This solution served as a stock supply and was stable at 0" for a period of
| month. For use in the protease assay. the stock solution was diluted 10-fold with
borate buffer (pH 8:0) to reach a final concentration of 1-0 mg casein/ml.

One milliliter of the casein substrate (1 mg/ml). pH 8-0. was added to 0-2-ml sam-
ples of the plasmas being tested for protease activity. The pH was adjusted to 7-3
and the reaction mixture was incubated at 25" for various time intervals. The reac-
tion was stopped by immersing the incubation tubes in boiling water for 2 min, and
then cooled to room temperature. In order to determine the degree of protease acti-
vity, the method of Habeeb!” was employed. This procedure involves the use of 2.
4. 6-trinitrobenzenesulfonic acid (TNBS) which reacts specifically and under mild
conditions with the free amino groups of a protein, polypeptide or amino acid (liber-
ated by proteolytic activity) to yield trinitrophenyl derivatives (TNP) which can be
read spectrophotometrically at 340 nm. In these studies, a modified TNBS reaction
was employed according to the method of Lin ¢t al.'® One milliliter of 0-1%, TNBS
and I-0mlof4"”, NaHCOj;, pH 85, is added to the boiled reaction mixture. The samples
are stirred and allowed to incubate in the dark for 90 min at 38", At the end of this
time period. 0-5 ml of | N HCl and 1-0 ml of a sodium dodecyl sulfate solution (SDS)
(Fisher Scientific Co.) are added to the incubation mixture. The SDS solubilizes the
protein and prevents its precipitation upon addition of the HCI. The absorbance at
340 nm was read against a suitable blank. Recordings for the protease and esterase
experiments were made with a Beckman DB-G spectrophotometer.

Plasma protein. These determinations were made according to the biuret method
of Gornall et al..'® employing crystalline bovine serum albumin as a standard.

The statistical evaluation of the data was made by the use of Dunnett’s method for
comparing several treatments with a single control (Fig. 2. 3. 5 and 6).°” and Dun-
can’s new multiple-range test (Fig. 1) for comparing cach treatment mcan with every
other treatment mean.>!
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F1G. 1. Effect of cobalt on plasma bradykininogen levels in the rat. Each valuc represents the mean +

S.E.M. of seven experiments as indicated by the numbers at the bottom of the bars. Control value,

100 per cent (plasma bradykininogen levels in untreated rats. zero time interval). In these experiments.

kinin levels are directly proportional to bradykininogen content in the quantitative procedure employed

for determining bradykininogen levels in plasma. *. Significantly different (P < 0-05) from control; a,

significantly different (P < 0-:05) from 4-hr time interval: and b. significantly different (P < 0-05) from
24-hr time interval.
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RESULTS

Effect of cobalt on kininogen (Bradykininogen, BKG) levels in rat plasima. The
data in Fig. | illustrates the significant (p < 0:05) increase in circulating levels
of BKG at [ (40 per centjand 4 hr (82 per cent) after a subcutancous injection of cobal-
tous chloride-hexahydrate, The mean values were compared to cach other as well
as to control (zero time) values which were sct at 100 per cent. There was a significant
(P < 0-05) decrease in plasma BKG titers at 8 (39 per cent), 12 (55 per cent) and 13
(60 per cent) hr after cobalt administration. when these values were compared to the
BKG levels at 4 hr. However. the BKG titers at these time intervals were not signifi-
cantly different from control values. Cobalt caused a significant (P < 0-05) increase
in BKG levels at 18 (70 per cent) and 24 (88 per cent) hr after treatment as compared
to control levels. The BKG titers returned to control levels between 48 and 72 hr
after cobalt administration. However, the BKG concentrations at 48- and 72-hr in-
tervalsweresignificantly less than the 24-hr values.

Effect of cobalt on plasma urginine-esterase levels. The substrate p-tosvl-L-arginine
methyl ester (TAME) was used to quantitate plasma arginine-esterase activity. Acti-
vity is expressed as uM TAME split:60 min per 100 gl of plasma. Cobalt caused a
significant (P < 0-05) increase in plasma arginine-esterase activity (Fig. 2y at 1. 4 K.
12, 15. 18 and 24 hr after treatment with maximum activity occurring at the 4-hr
time interval.

Plasma bradykininase activity. Kininase activity of the plasma (Fig. 3) was signifi-
cantly (P < (-05) decreased at 1. 4. 8. 12, 15 and 18 hr after cobalt administration,
Figure 4 illustrates the results of a time study whereby a known concentration of bra-
dykinin bitartrate (250 ng) was incubated with a sample of plasma from normal and
cobalt-treated (8 hr) rats for 0. 5. 10 and 15 min. It is apparent that cobalt caused
a decrease in the amount of kininase activity in the plasma from the cobalt-treated
rats.

Plusma protease activiry. Neutral protease activity (Fig. 5) was significantly
(P < 0-05) increased at -, 4-, 8- and [2-hr intervals after cobalt treatment with maxi-
mum activity (130 £ 10 units, mg) occurring 8 hr after cobalt treatment as compared
to control (zero time) valucs at 40 + 5 units'mg.
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FiG. 2. Arginine-esterase activity in the plasma of cobalt-treated rats. Fach value represents the mean -+
S.E.M. of six determinations. *. Significantly different (P <0 0-05) from control values.
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F16. 3. Effect of cobalt on bradykininase activity in the plasma of cobalt-treated rats. The quantity of bra-

dykinin remaining after a 15-min incubation of plasma with a known amount of bradykinin standard is an

indication of bradykininase activity. Each value represents the mean + SEM. using uterine muscle
from six rats. *. Significantly different (P < 0-05) from control value.
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F1G. 4. Inactivation of bradykinin by plasma from cobalt-treated rats. Each value represents the mean
+S.EM. of six experiments. Plasma from normal (@ @) and 8-hr cobalt-treated (© -~ Q) rats
was cvaluated in this study. The incubations were stopped at 5-min intervals and aliquots were taken
from the reaction mixture and cvaluated for bradykinin activity with the rat uterus bioassay.

When cobalt {1 x 107°M) was added to an incubation mixture of plasma and
casein substrate, the cobalt failed to produce any effect on the proteolytic activity
of the plasma.

Effect of cobalt on plasma protein levels. Cobalt caused a significant (P < 0-05) in-
crease in plasma protein concentration (Fig. 6) 18 and 24 hr after treatment. No
change in protein titers was recorded at any other time interval.

DISCUSSION
In the present report, we have shown that cobalt stimulated an increase in plasma
BKG levels with maximum titers occurring at the 4- and 24-hr time intervals. BKG
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FiG. 5. Effeet of cobalt on plasma protease activity in the rat. Bach value represents the mean + S1M.
of seven experiments. *. Significantly different (P < 0-05) from control values.
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FiG. 6. Protein concentration in plasma from cobalt-treated rats. Each point represents the mean —
S.EM. of four determinations. *. Significantly different (P < 0-05) from control.

levels deercased between 4 and 15 hr after cobalt administration. The return to con-
trol values occurred 72 hr after the rats received an injection of cobalt. The cyclical
effect of cobalt on circulating BKG levels might reflect alterations in the synthesis
or metabolism of BKG. and possibly its release from tissues which presumably have
become hypoxicdue to the actions of cobalt.

The highest levels of arginine-esterase activity are seen at 4 and again at 24 hr after
cobalt treatment. The substrate employed to evaluate kinin-forming activity in
plasma was TAME, and Hamberg and Rocha ¢ Silva?? have suggested that brady-
kinin-forming enzymes are capable of cleaving arginine esters. This relationship would
seem to exist in the plasmas from rats treated with cobalt. However. it should be
noted that the ester substrate used in our studies could conceivably be hydrolyzed
by a vartety of plasma enzymes.

Perhaps the point should be raised that cobalt. by inducing a state of histotoxic
hypoxia. might in fact create an intracellular environment similar to that scen with
ischemia. In this situation. a low pO, leads to a drop in the intracellular pH.?* This
situation causes the lysosomal membranes to labilize, with the eventual relcase of
the enzyme content of the vesicular organelles.?* These enzymes then proceed to par-
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ticipate in the mechanism of cellular autolysis.”* ** An enzyme. kininogenin. demon-
strated 10 possess kinin-forming properties. has been localized in the lysosomal frac-
tion of the rat kidney.?” Cobalt might facilitate the release of kininogenin into the
plasma where it could then exert its kininogenic role. An alternate possibility is that
cobalt cffects interaction between “intracellular™ stores of BKG and lysosomal-
bound kininogenin with the subsequent formation of the active polypeptide. The
polypeptide would then be released from its tissue storage site into the circulation.
Nustad and Rubin®® *" localized kininogenase activity in the microsomal fraction
of the rat kidney cortex. Whether or not kininogenase and kininogenin are onc and
the same has not as yet been made clear. However, it is interesting to note that both
of these enzymes have been demonstrated to act upon arginine esters.

Cobalt exerted an inhibitory effect on plasma bradykininase activity. Brady-
kininase activity was low at a time when BKG levels were decreasing after the
administration of cobalt. This observation is interesting in hight of the fact that cobalt
stimulates the activity of the two known plasma bradykininases (kininase . kininase
). Carboxypeptidase N (kininase 1) inactivates bradykinin by cleaving the car-
boxyl terminal Phe®- Arg” bond of the nonapeptide.®! The more recently discovered
kininase I (peptidyl peptide hydrolase) acts as an endopeptidase by cleaving the bra-
dykinin peptide at the Pro” Phe® linkage.?® The kidney cortex contains three
enzymes capable of inactivating bradykinin: a prolidase (imidopeptidase). a carboxy-
peptidase {(peptidyl-amino acid hydrolase) and an endopeptidase {peptidyl peptide
hvdrolase).** ** also referred to as peptidase P. This latter enzyme has been found
to be localized in the microsomal fraction of the kidney, and it is similar in action
to the plasma bradykininase -kininase I The kininasc activity described in this
paper was studied at pH 7-5. Kininase L. kininase I and the kidney kininases have
been demonstrated to act at or near this pH value. Bradykininase activity of splenic
origin has been demonstrated. but these enzymes act optimally in acid pH ranges.
[t is possible, therefore. that we failed to pick up this activity in the plasma, il it was
indeed present. One might expect bradykininase activity to increase at a time when
BK G levels were falling. but cobalt may stimulate the action of a humoral factor(s)
which might be responsible for the fall in BKG titers at the observed time intervals.
However. if cobalt does stimulate the development of an ischemic condition, it is
possible that several of the lysosomal bound enzymes might serve as agents of kinin
inactivation. It is possible that these proteases might act in a kinin-inactivating capa-
city if they were released from their tissue sites into the circulation. Several of these
hydrolases (cathepsins) have been demonstrated to inactivate bradykinin in
vitro.*® 7 Indeed. these enzymes might act upon the BKG in the tissue. thus explain-
ing the decreasc in circulating titers.

Neutral protease activity in rat plasma was enhanced after cobalt treatment. It is
interesting to note that proteasce activity is significantly clevated (4-8 hr) above con-
trol levels at a time when BKG titers are on the decline (4-15 hr) post cobalt. This
increase in plasma proteolytic activity might explain the decreases in BKG levels.

Cobalt is known to initiate a histotoxic hypoxia followed by a polycythemia.'- 2
and red blood cells contain a carboxypeptidase which will hydrolyze bradykinin.*®
In addition, quite often erythrocytosis is accompanied by a leukocytosis. Leukocytes.
particularly the polymorphonuclear (PMN) variety, have been demonstrated to con-
tain kininases and a protease(s) which act at a neutral pH.*” *' Neutral protease
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activity has been reported in spleen*?: ** as well as liver.** and several investigators
have indicated that the neutral proteases will attack casein.*’ ** *° the substrate
employed in our studies. Bradvkinin has been demonstrated to induce a leukocy-
tosis.*” and if increased levels of BKG act to stimulate a leukocytotic condition. it
may very well be that the enzyvme content of the erythroeytes and leukocytes serve
to destroy the circulating kinin and kinin-precursor.

Erdos er al.?' *8 have shown cobalt to enhance the activity of plasma kininases
but block kininase activity in the red blood cell. The tissue kininases play o more
important physiological role than do the erythrocyte kininases: it is doubtlul. there-
fore, that the fall in plasma kininase activity after cobalt administration was due to
cobalt inhibition of erythrocyte kininase activity, We have demonstrated that cobalt
has no effects in virro on plasma protease activity in the rat.

In summary. the data in this report indicate that the metallic salt. cobaltous chlor-
ide-hexahydrate. has marked cffects on plasma proteins, proteases and Kinin system
of the rat. Cobalt is unique in that it is the only metal known to stimulate red blood
cell production. It is possible that the process by which cobalt stimulates erythro-
poicsis might be associated with the findings revealed by studies reported in this
MANUSCTipl.
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