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Total kinincgen in plasm of keund's adjwant treated rats 
increased 20-fold 7 days following the injection. Analysis of the 
kinincgens demnstratd thatincreasesinT-kininogenwas themajor 
reason for the rise in kinincgen. High molecular weight and low 
molecular weight kininogens showed little or no change. The increase 
in T-kininogen paralleled the inflanmatory condition. Anti-inflamna- 
tory agents whichreduced paw swelling also reduced plasna.T-kinincgen 
levels. Unidentified peaks on HPLC of kiniu following plasna treatment 
by trypin were shown to be oligopeptides containing T-kinin (Ile-ser- 
bradykinin). The relationship of T-kinincgen to the inflanmetory 
response is discussed. CJ 1985 Academic Press, Inc. 

Elevated plasma "total" kininogen levels have been reported in 

rats following experimentally induced inflamation by a variety of 

agents which include acetic acid, croton oil, turpentine (l-4) and 

Fremd's adjuvant (5). Recently, Okamto and Green&m (6,7) reported 

the discovery of T-kininogen in rat plasma which differs fran the well 

knownI+lWandIMWkininoqans in that Ile-Ser-Hradykininis pmsentin 

T-kinincgen but Lys-bradykinin is not. T-kininogen is cleaved by an 

exxss of trypsin to release Ile-Ser-Hradykinin (T-kinin). T-kininogen 

is not a mbstrate for kallikreins, but is a substrate for trypsin and 

cathepin D (8). 

While inflammtory agents cause an increase in total plasma 

kininogen, infonmticndoes notexistcmwhich of the kininogens 

increases. This is of particular importance since bradykinin has 

Ablxeviations 

mW for high molecular weight; IMW for law molecular might and Km for 
kinincgen. 
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always been thought to be the major kinin released in inflanmation. 

The discovery of T-kinincgen in rat plasma provides alternate possibi- 

lities in terms of the kinin released (T-kinin) and its role in inflam- 

mation. In the present study, an inflammation (adjuvant arthritis) 

was produced in rats with an injection of Freund's adjuvant. The 

plasma total IMWandIMWkininogenandT-kininogenlevels weremeasured 

and related to the period of inflammation as well as to the extent of 

the inflammation. Kininogen levels were also measured following the 

use of <anti-inflammatory agents. 

Materials and Methods 

Animals and drug administraticn - Six week old male Sprague-Dawley 
rats (160-180 g) were used. Fbr arthritic expziments, 
0.1 ml of Freund's complete adjuvant (suspension of 10 mg of 
rnycobacterium in 1.0 ml paraffin oil) was injected intradermally into 
the left hind-paw of rats. Swelling of the paw ws measured with a 
micrcmeter across a sagittal section (9). On each of days 1,7,14,21, 
28 and 42 following the injection, five rats were sacrificed and their 
blood poled and assayed for kininogens (see below). Control rats 
were given injections of paraffin oil withcut mycobacterium. In 
experiments using the anti-inflammatory agents, indomethacin (1.0 
mg/kg) or demethasone (0.25 mg/kg), these drugs were injected sukcu- 
taneously 30 min prior to adjuvant and at 24 hour intervals thereafter. 
Control experiments were carried out substituting paraffin oil for 
complete adjuvant. 

Collection of plasna - Blood was collected frcm the akdaninal aorta as 
m previously (8) and centrifuged at 800 xg for 15 min at rocm 
temperature. Plasma was transferred to a plastic tuba and kept at -70°C 
until use. 

Assay of plasn-a kinincgen levels - Plasma kinincgen levels were deter- 
&al by assaying the totalancuntof kinin (totalkinincgen),brady- 
kinin (IMW kinincgen plus IMW kinincgen) andT-kinin (T-kininogen) 
released by the treatment with an exess amount of try&n (8). 100 
(1.11) of plasma was mixed with 900 (~1) of 0.03 N HCl and incubated for 
15 min at 37°C to inactivate plasma kininases and aminopeptidases. 
Following the addition of 25 (~1) of 1 N NaOH, the sample was incubated 
with 250 (~1) of trypain solution (5 mg/ml in 0.2 M Tris-HCl, pH 7.8) 
for 1 hr at 37’C. The reaction ms t emninated by heating in a biling 
hater bath for 10 min. Twenty (~1) of this sample was assay& for the 
totalancuntof kinin released (total kininogen). The remaining 
sample was mix& with an equal volume of 30% trifluoroacetic acid 
(TFA) and centrifuged at 2,000 x g for 10 min. ‘Ike supernatant was 
applied to an cxztadecyl-extraction colunn (1 x 2 cm), previously 
primed with 5 ml of methanol and 5 ml of 1% TFA. After washing the 
calm with 1% TFA, kinins were eluted with 3 ml of 50% acetonitrile 
in 1% TFA. Ihe eluate was evaporated and dissolved in 0.5 ml of 
distilled water. The kinins in the extract were separated bya reverse- 
phase HPIC as described previously (6,10,11). Each fraction that 
ccrreqcnded tc the time for elution of bradykinin and for T-kinin was 
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evaporated and dissolved in lmffer and subjected toradioimnmoassay 
(12,13). IMW-plus IMW-kinincgen levels and T-kinincgen levels were 
calculated as follows: 
Totalamtof kininx Amt of kinin inkadykinin fraction =HMW&I.MWKGN 

Total amt of kinin eluted 

To+al amt of kimin K tit of kinin in the T-kinin fraction = T-Km 
Total amt of kinin eluted 

Materials -The following setfxials were obtained fr~ansercial 
sauces: trypin (typeXI1, WCK-treat& fran bvine pncreas,Sigma 
Corp.); Preund's incanpl~e adjuvant, Mycobacterium tuber~4osis 
(Difco); kradykimin, [Tyr I-kallidin (Peninsula Ccrp); Na I (carrier 
free, New Eslgland Nuclear); CX=tadecyl-extraction cclurm, (J.T. Baker). 
T-kinin (Ile-Ser-bradykinin)ms synthesizedand supplied bycxwrtesy 
of Dr. J.M. Stewart (Department of Riochtistry, University of Qlorado 
IiealthScience Center). 

Results 

Figure1 is a axnparison of the inwnoreactive kinims generated 

ky trypsim fran normal & adjuvant-treated rat plasmas. As chrcsato- 

graphed byHpLC itmaybe seen thatinkoth thenonnaland theadjuvant- 

treated plaSma, fcurdifferentkinin-containing peptides are obtained. The 
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1. rig. Revmse-phaseHPl.C of imwnoreactive kinins released by try&n 
fran the plasna ofnonnal (0-0 ) andadjuvant-treatti (o-o) rats.Kinin 
in each fraction MS assayed by RIA using bradykinin as a standard. WI and 
UII refer to unknown imnunoreactive kinins. 
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first two tiactions are lxadykinin and T-kinin reqectively. In addition, 

tm peptides, Unlumwn I and Unlumwn II (UI & UII) are obtained which do not 

correqmnd in their eluticn time with other known kinins (e.g. Lys-bradykinin 

or Met-lys-bradykinin). It is obvious fran figurel, thattw peptides 

T-kinin and UII were released in much greater qantities fran arthritic 

plasm than fran normal plasm , indicating that the kininogens that increased 

in these plasnas included T-kinincgen and the UII-containing kinincgen. 

The possibility existed thatU1 and UII were larger fragments than 

bradykinin or T-kinin tiich were not hoken dcxm canpletely to these kinins 

by the original try@n digestion. In order to test this possibility, UI 

and UII were lyophilized and dissolved in a mall quantity of buffer and 

subjected again to try@n degradation. As seen in figure 2, the original 

UI and Cl11 irrmnoreactivities are converted repletely by the second try&n 

treatmantintoT-kinin. 

As also seen in figure 1, the plasma collected fran rats 7 days after 

the injex3Aon of adjuvant released much greater qmntities of T-kinin than 

fran normal animals. Bradykinin liberation does not change fran that of 

0 IO 20 30 40 

Fraction number 

Fig. 2. Canversion of unknown immnoreactive J&ins to T-kinin by tq@n. 
01 & UII inmmorextive kinin fractions (see figurel)were lp@ilized and 
solubilized (A) as directly chramtograpled on HPLC (B) following trypSin 
incukaticnahd chranatogra~ycnHPIC. 
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Fig. 3. Increases in paw thickness and plasm kininogen levels of rata 
after the injection of EYeund's canplete adjuvant. Total kinincgen, I-NW-plus 
IMW-kinhapn (open column) andT-kinincgen (shaded column) are indicated 
for the mean values of 5 rats at each day. Numbers in the parentheses 
indicate the percent of T-kinincgen of the total kinincgen levels. Each 
pint in p3w thickness rqresents the mean of measurements in 5 rats con- 
verted to percent increase ever theday zero. 

normal rat plasm. Thus T-kinincgen is the major factor in the elevation 

of kininogen levels in rat plam following adjuvant treatment. 

Figure 3 shows the tima course changes in paw swelling and plasm 

kininogen levels following the injection of canplete adjuvant. Swelling of 

the injected pawwas observed 24 hrs after the injectionand reached maximum 

at day 7. Plasma total kininogen levels also increased rreximlly at day 7, 

ard a high level of total kinincgen was stillobsemed after 6 weeks. 

Levels of WW-plus LMWkininogen showed little change fran normal plasma 

levels. T-kininogen levels, however, increased markedly; it made up mre 

than 9O%of thetotalkininogenlevels ova the period of the experiment. 

Total plasm potein concentration (not shown) also rose sanewhat 24 hau-s 

after the adjuvant injection (52.8 to 65.8 mg/ml) kut not nearly to the 

extentof the kinincgen increase. After 24 hours, there was not additional 

increase in plasm lxctein concentration up to 6 weeks. 

Two typical anti-inflamnatory drugs, i.e., indanethacin and dexametha- 

sone, were administered to rats following the injection of adjuvant to 
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TABLE1 REIXElX(TJ OF PLISMAKININOaEN LFSEIS BY INMMETH?Y.XN AND DEXAMETHAXNE 
OFRA!E IREAEDWITH FREDND'S C0lPIE!IE ALUUV?NT 

KININ- LEWIS (pg khin/ml) % INHIBITICN OF %R!%XJCl?I(N OF 
TOTALI ww + IMW T-Km PAW SVEXLING ~K~IFXXS 

Normal 6.0 f  1.2 1.21 f  0.20 4.8 f  1.0 
Wjuvant 54.8 + 6.8 1.41 f  0.19 53.4 f  6.9 

Treated 
+ Indaneticin 36.0 + 4.9 1.62 f  0.10 34.4 f  4.8" 33 35 
+ Demmethasone 24.1 f  2.6 1.21 f  0.25 22.9 + 2.5** 56 58 
Indanethacin 5.5 f  0.2 1.48 + 0.30 4.0 f  0.5 

Alone 
Dewmethsone 5.8 f  0.9 1.67 f  0.51 4.1 f  0.8 

Alone 

PlasM kininogen levels are measured on day 3 following the injection of Fbzund's canplete 
adjuvant. 
Indanethacin (lnq/kg)and Demethasone (0.251x&~) were sukcutaneously injected cncea day 
beginning at day zero. 
* ~~0.05 as L-cmpared tc adjuvant-treated graup. 
** p<O.OOl as canpred to adjuvant-treated group. 

observe their effects on kininogen levels. As shown in table 1, indan~ 

thacin ax-ii dexmsthasone suppressed paw swelling by 33% and 56% respect- 

ively (as measured on day 3). Suplpession of total and particularly T-kin- 

inogen levels were also suppressed bythesedrugs to the same extent as the 

paw swelling. The administration of these drugs to nom1 rats did not 

change plasma kininogen levels. 

Discussion - 

While several investigators have observed an increase in total kinino- 

gen in the plasma of rats as a response to procedures or chemical agents 

which trigger inflamation, the kininogen has not been identified until 

now. Our current studies definitively demonstrate that in adjuvant arthritis 

in rats, the increase in plasma total kinincgen is almost solely due to the 

increase in T-kininogen. Not only does T-kininogen increase sane 20 fold 

at day 7 but the increase clearly parallels the increase in paw swelling. 

Paw swelling, like the plasm T-kininogen levels, reaches maximum on day 7. 

This correlation muld seen to indicate that T-kininogen and the inflanrra- 

tory respse are closely link& in sane way. This is further brneoutby 
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the indar&hacinanddexmethasone trsatmentswhichreducebth the inflam- 

matoryrespmseand the plasm T-kininogenlevels. Again,therewas a 

remarkable parallelim in the reduction of paw swelling by the anti-inflam 

matory drugs and the reduction in plasm T-kininogen levels. 

Exactly what role T-kinincgen is playing in the inflmtory respmse 

in rats is not knmn at this time. One pssibility is that T-kinin is 

released by an unknown protease fromT-kininogen and theT-kininis a key 

mediator of inflamation. A second pssibility is that T-kininogen is au 

acute *se protein similar 0r the same as that identified in plasma of 

turpentine-prcduced inflammation inrats. These proteins my inhibit thiol 

proteases involved in the inflanmtory process (14). A third possibility 

is thatT-kininogenis a substrate forlysosaaalenzymes suchas cathepein 

D which release T-kinin (8). 

In this report we also clearly dmmstiated that in addition to the 

release of tnradykinin and T-kinin by trypsin fran plasm, tm oligopeptides 

are released which contain T-kinin. 

Our overall findings continue to @.nt to T-kinincqen as the major 

kinincgen in normal rat plasm and particularly in adjuvant-arthritic rats. 

AckncwledgeYnent : Supported by NIH grants HL-32183. 

References 

1. Regoli, D. and Barake, J. (1980). Phaxmcol. Rev. 32, 1. 
2. 
3. 

Zach, H.P. and Werle, E. (1972). WV. Exp. Med. Biol. 21, 371. 
Borges, D.R. and cordon, A.H. (1976). 

4. 
J. Pharm. Pharmc. 28, 44. 

5. 
VanArman, C.G. and Nuss, G.W. (1969). J. Pathol. 99, 245. 
Reis, M.L., Leme, J.G. and Sudo, L.S. (1982). Recent Progress 
on Kinins (Agents and Actions Suppl., 9, 368), Birkhauser Verlag, 
Basel-Boston-Stuttgart. 

6. Okamoto, H. and Greenbaum, L.M. (1983). Bicchen. Biophys. 
Res. Camxm. 112, 701. 

7. Okamoto, H. and Greenkeum, L.M. (1983). Biochen. Phanmcol. 32, 
2637. 

8. 
9. 

Okamcto, H. and Greenbum, L.M. (1983). Life Sci. 32, 2007. 
Newlxmld, B.B. (1963). Brit. J. Phamecol. 21, 127. 

10. Narayanan, T.K. and Greenbum, L.M. (1984). J. Chranatmgr. 
306, 109. 

11. Greenhaum, L.M. (1984). 
12. Goodfriend, T.L., 

Biochem. Phanmwl. 33, 2943. 
Levine, L. and F&hmn, G.D. (1964). Science 

144, 1344. 
13. odya, C.E., Goodfriend, T.L., Stemrt, J.M. and Pena, C. (1978). 

J. Irmunol. Methods 19, 243. 
14. Esnard, F. and Gauthier, F. (1983). J. Biol. Chen. 258, 12443. 

286 


