
INDUCTION OF PARTICLE-BOUND RENIN AND 
ARGININE ESTERASE BY TESTOSTERONE 

IN THE MOUSE* 

,kRf>,if) GECSE, CAROL M. WILSO~~ and ERvfN G. ERD& 

Deparlmentc of Pharmacology and lnternai Medicine, The Univrrsity of Texas Health S~%ce Center 
at Dallas, Southwestern Medical School, DalIa\, Texas 7535. U.S.A. 

Abstract WC studied the induction of rcnin and ;I protease (arglnine esteraso) in the washed 105.000 c, 
scdirncnt of tlic liomop~ni~cd 9tIbniasill;lr) gl:uld of 75X 1 otmg female mice. Aclministratio~~ of tc~tostcr- 
one propionate. r-meth~ltcstostcrone or an anabolic steroid such as nandrolone phcnpropionatc in- 

creased the particle-hound renin and argmine estrrase acticitx in the animals sacriliced 7 days after 
the first injaztion. The enzyme activity rose si&niJjc~iiltl~ withrn 4 days. A~tii~on~~c~n D blocked the 

induction of renin and ~~gmmc esterase. In addition, testosterone incrcascd the weight of the animals. 
of the submaxillary glands and of the kidneys. the microsomal protein concentration of the submaxillary 

glands and the RNA content of the microsomal fraction of the glands and kidnqs. Actinomycin 

D blocked t&c cfl’ects of testosterone as well. The particle-hound ktlllikrein activit) of the wbmnxillty 
and the p~~rti~ie-b~~und renin activity of the kidney \vere not changed by test~ster~~ne ~~drni~~str;~ti~~~~. 
The 105.OOO~g sediment of kidney homogenate has arginine estcrase activity which increased an average 
of 63 per ccnl aftcr the iI?jcction of tt‘stosterone. 

Submaxillary glands of the white Swiss male mouse 
contain both renin and kalfikrein. but the glands of 
the female mouse have very little rcnin [ 1.21. Tcstos- 
terone ~~d~~l~liistr~~ti~~n stimulates the devefopmcnt of 
secretory granules and increases renin concentration 
in the gland of fcmalc mice [3,4]. Rcnin and kaffi- 
krein activity are present in ;I granular layer isolated 
from the submaxillary gland of male mice [5]. hut 
the particles col?t~lil~ing renin can he separated from 
kaflikrein granufcs hy repeated ccntrifugatiotts [6]. 
Continuing these investigations. we have also found 
cnzymic activity in a high-speed sediment. the micro- 
somaf-rihosomaf fraction of homogenized kidney and 
subln~~xilf~~ry gland. This fraction from glands of male 
or female mice contains active renin and kaffikrein. 
The renin activity increased in the microsomaf frac- 
tion of the submaxiff;u-y gland after treating young 
female animals \n-ith testosterone or with an anahofic 
steroid. We also studied the induction of a brnzoyf- 
arginine ethyl ester (BAEe) esterase by testosterone 
in the gland und in the kidney of the mouse. 

!2’lrrrwitr/s. Testosterone propionate was purchased 
from Schwarr-Mann. i 7r-methyltestosterone from 
Sigma Co., n~Ildl-olol~e pfienpropion~te (Durabolin) 
from Organon. (Asp’-Ifc’)-angiotensin I, bradykinin 
and the synthetic tetradecapeptide renin substrate 
from Schwarz-Mann, and hog renin from Miles Labs. 
Norbofethone (WY3475) was a gift from Dr. M. I. 
Gfuckman of Wyeth Labs. Kits for r~dioimmuno~s- 
say of renin were purchased from Squibb & Sons. 

* Supported m part hy NIH, USPHS Grants HL 16319, 
HL 16320 and HL 14187. and by the American Heart As- 
sociallort 72 774. 

Actinomycin D was obtained from Schwarz-Mann 
and DFP from Aldrich Chemical Co. 

ilr1irnrrl.s rrrrtl ti.\.suc’ ~rt~/~crtrtictn.s. A total of 7% 
4-week-old white female Swiss-Webster mice were 
used. They were obtained from A. Sutter. Co.. Spring- 
field. MO. (series I), or from Sutter, Co.. or Simonsen 
Labs.. Gifroy, Calif.. or Microbial. Assoc.. Wrrlkers- 
viffe, Md. (series II) at the age of 3 weeks. On day 
0, groups of eight to nine animals were injected S.C. 
with 0.1 ml sesame oil (S) or with 0.1 ml sesame oil 
containing either 1 mg testosterone propionate (Tp). 
I mg I7r-mcthyltestosterone (Ta). 0.25 mg norboleth- 
one (N) or 0.25 mg nandrofone phenyfpropion~~t~ 
(Dur~bolin) (D). The D injection was not repeated. 

On days 2, 4 and 6. injections of 0.1 ml S or 0.1 ml 
sesame oil containing 0.25 mg Tp. N. or Ta were 
repeated. The animals were designated as C. S, Ta. 
Tp, D and N mice. Control animals (C) were not 
handled. Actinomycin D (ACT)-treated animals were 
injected i.p. with 3.5 /~g ACT in 0.1 ml saline 30 min 
prior to each androgen injection. D-treated animals 
were similarly injected with ACT on day 0. and also 
on days 2,4 and 6. On day 7, eight animals per group 
were killed by exsanguination under sodium pento- 
barbital anesthesia. One kidney and both suhmaxif- 
fary glands were retnoked from each anitnol. The 
glands and the kidneys were pooled separately and 
cooled in an ice-cold solution of 0.25 M sucrose in 
0.05 M Tris--HCI buffer. pH 7.4. All subsequent treat- 
ments were performed nt t&5 Tissues were cleaned 
of fat and membrane, weighed and chopped with scis- 
sors in 2 or 3 ml of fresh sucrose buffer. Eighteen 
strokes in ;I glass -glass Potter -Elvehjem tissue 
grinder (Kontes size 2.1) at IX) rev/min for I min 
were used to homogrni7c the tissue. The resulting 
homogenate was further diluteci to 2 final concen- 
tration oi’ I : IO(w,‘v) with sucrose huti&. Afiyuots were 
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retained for DNA determination. The remainder w;tb 

centrifuged al 120 q in ;I refrigerated Sorvall centri- 
fttsc thr IO min at 3 then Ibr 30 in113 at IO.900. ‘The 

prc‘cipicatc w;ih resuspended in approxitnatclj 7 ml 01 

\ucro\c bull& and centrifuged for 30 min 31 IO.900 ~1. 
The comhinod xupernat~tnt plus wash wcrc then 

ccntrifugcd for I hr at lO5.000 y. The 105.000 6, super- 

natant was kept (final supernatant). The sediment 

lrom thts high-speed conlrifugation was resuspended 

111 sucrose bulfer and centrifuged again. The drained 

prcctpitatc obtained alter the second centrifugation 

(microx~mal fraction) M 21s resuspended in 2 ml of 0. I 

M. pH 6.X. sodium phosphate buffer by I2 stroke5 

lvith :I viiall (Kontes sire 21) glass glass Potter 

F.l\ehjom homogeni/cr. The I O.c)OO g precipitate \V;IS 

t-csusponded in the hame f&hion. All fractions wcrc 

fro/en for storage and usually thawed only once at 

lhc time 01 assa). Fourteen-day samples wet-c 

obtained from animals which had been injected with 

the wmc amounts of androgen on alternate days. SIC- 

rificed on day I3 and were prepared in the same man- 

tic‘r ;I\, da! 7 sample\. 

incubated for 5 IS min al 37 in ;I h1h111~ Incuhat~w. 

During this timo not more’ than ~5 I~C‘I. cc111 01 \III>- 

\tr;t1e was con\crtcd 10 :tngiotcn\tn I The trcaction 
\+;I5 htoppcd lb! ftrce/ing ~niplc~ tn <I f0 173111 

Angiotaisin I \z;t5 asha~cd with lhc Squibb \tt~ic)tu- 
Gn I Immuno(opc kit. A Gmilat- protrJcc,l \\;I\ u\~d 

\ubstituCng IO /tg tetradccapepltdc ml of incttbattcvi 

mixture for hog renin atbstrate. In tht\ ;~\a\. Ihe 

reaction u :I\ btnpped b) placin : 1112 incubalton ~uhc 

in ;I boiling water bath fat- I5 111111 ad subscqucnrl! 

freezing. thawing and ccn~rifugin, 11 tt. The an~totenvn 

I liberated in the supernatanl wit\ asu>cd otl the YJ + 

temic arterial blood prc>atrc of the anc\thcri/cd rat 

[5]. (Asp’-llc’) angiotonhin I \\;I\ u\cd ;I\ the \t;tn- 

dad. The animal> rc’cci\ccI 50 mg kg of \c>dium pen- 

(obarbital and IO mg kg of pctttoltnium tarlaralc 

I-emale Wistar Fut-rh (WF fin;iil. \o-c:rllcd clc\li-ai rc‘- 

sistant [IO], rats were used. The9z animal\ 81-c pal-- 

titularly suitable for e\pcrimcnt\ lasting up to 0 s hr. 

since they visually do not daclop edema. 

.2lcf/1ot/\. Microscmal fractions were solubilized 

with (),I”,, Triton X-100 and centrifuged in a Brink- 

tn;tm desk-top centrifuge for 2.5 min and the protein 

in the supernatant \\;I\ determined [7]. Bo\ ine scrutn 

albumin w;t< uxcd ;I\ protein standard. RNA in the 

microsomal fraction was determined bq. the modified 

Schmidt Thannhauscr method [Xl. DNA in lhc 
homogcnatt’ was tncasurcd by the diphenylaminc 

method. Samples wcrc eutracrccl twice with I M 

pcrchloric acid for 10 mm at 70 [!I]. 

Hog renin substrate was prepared as described pre- 

\iouhly [5]. (One mg of substrate preparation con- 

tained 0.X6 mg protein and produced 224 ng angtoten- 

sin I when incubated with excess commercial hog 

renin.) The k,,, eq~ialed 0.X m&ml in our system. 

Samples were preincubated for 30 min at 37 with 

airyme inhibitors (IO ’ M o-phenanthroline. 

X x IO ‘M BAL and IO-‘M DFP in 035M 

sodimn phosphate buffer. pH 6.X). Hog renin sub- 

strate was added to ice-cold preincubation mixtures 

to ;I linal concenlration of 4 tngml. The samples were 

Human plasma kininogen \\;I\ prcparcd h! dtluring 

fresh plasma I :I with saline and hc;ttinF tt 10 5h 

for 30 min. Microsomal kallikrcin prcpar;ttt<m \\ ;I\ Ott- 

cubated at 37 for 20 min in OG M Tris HC’I bull’cr. 

pH 7.4. containing IO ’ Xl ,,-l’hcnanlhrc,liii~. Altei- 

kininogcn L\;I~ added. al~qu~)t\ acre \\ ithtlt-a\\ n i’\ct-\ 

imin and tlto kinin rclcaal \\;I\ ;I\YI\CC~ ott Ilic 

isolated rat tiLct-us [ I I )_ 11\1t1f \\ Illl;cllc 111.Jd\ 

kinin as standard. BAEe csteraze assay IS;I~ done ;I\ 

mentioned previously [ I?]. Mtcrosomal ampler wcrc 

solubilized with ().I”,, Triton X-IO0 and assayxi with 

IO ‘M BAEc in 0.05 M Tt-is H(‘1 bull&. pH S.0. 111 

a Cat-y I5 or I I XC‘ rccordin f II.\. s~~cctl-opllototll~l~t-. 

E//N/ of r~~\lo.slm~rt~~. I‘lic MCI&~ cd all Irc;ttcd and 

untreated animals increased in 7 tlaqh including C‘. 

S. Ta and Tp mice, but onI> Ta mice \iciphcd signili- 

cantly more (P < OGI) than (hc‘ control (Table I I. 

Mice which were treated I\ ith AC‘I did not gain but 

lost weight. 

The weights of subtnaxillar> c L ~~lVlJ\ and I\lcillcv\ 01’ 

C and S animals were \ttnilat-. Treatment wtlh I&O\- 

Table I. EH‘ect of tcstosteront‘ and 

* N = number of animals. 
+ P i O-01. 
; S.D. Cram C‘. P < o.oi 
\ S.D. from S. P i O-01. 

Significantly dtlferent from S. P i 04~5 
’ S.D. l’rom Tn. P c 0.01. 



Induction of rcnin and argenine esterase in mice 765 

Table 2. Induction of BAEe esterase activity in a microsomal fraction of the suhmaxlllary gland 
of female mice* 

No. of 
group 

Control Trcatcd 

C S TP TLI D N 

I 
9 

5 
4 
5 
6 

Mean i: S. E. 
ACT-treated 

(mean + S. E.) 

0.2 

2 I.1 I .4 
0.6 
I 4 

2.x 
2.4 0.9 * 0.2 

12.2 (6.1) 6.6 (3.6) 

8.9 (74) 12.5 (7.4) 

IO.8 (6.1) 4.3 (1.8) 
8.2 (7.2) 7.x (3.3, X.8 (4.31 

14.1 7.3 
7.1 

IO.8 f I.lt 5.x 7.1 IO.65 
6.7 * 0.3: I -x :Jj5 5 S 5 

* Each figure was obtained from eight pairs of submaxillary glands. Figure in parcnthcscs: 
mice treated with ACT. Activity: [Imoles BAEc hydrolyredimin’mg of protein. 

t Slgnificantlg different from S. P c O+I, 
: S.D. from Tp, P < 0.05. 

teronc increased significantly the weight of the sub- 
maxillary gland and the kidney and the solubilized 
microsomal protein content of the gland (TP). How- 
ever, all of these changes were less than 71 per cent, 
The increase in organ weights in the second series 
of animals was greater; these animals also weighed 
less initially than the mice in the first series. 

The increase in the microsomal RNA was more 
remarkable. The injection of both Ta and Tp in- 
creased the RNA content of the washed 105,000~~ 
sediment. RNA rose in the glands of Ta and Tp mice 
88 and 272 per cent and in the kidneys 68 and IO0 
per cent, respectively. compared to S animals. In three 
exploratory studies. we found no significant changes 
in the DNA content of the gland of the treated ani- 
mals. Treatment with ACT blocked the effect of tes- 
tosterone on the weight of organs, and on the protein 
and RNA concentrations. 

Estc~~sr. BAEe esterasc increased 1 l-fold (P < 0.01) 
in the microsomal fraction of the animals treated with 
Tp. Table 2 shows the results obtained in the second 
series of experiments. Ta, Tp. N or a single injection 
of D raised the microsomal arginine esterase activity. 
ACT blocked the increase partially. This indicated 
that the increase in the esterase activity of the micro- 
\omal fraction after testosterone or anabolic steroid 

treatment can be attributed to induction of the 
enzyme. 

The microsomal preparation also had hallikrein ac- 

tivity as shown by assaying the amount of kinin 
released from human plasma kininogen on the rat 
uterus. In four experiments done with three different 
preparations, no consistent differences were found 
between the S and Tp animals. 

The rate of hydrolysis of BAEe increased within 
4X hr after the first injection of Ta and kept rising 
with time after treatment. Table 3 shows the microso- 
mal enzyme activity in a group of Ta mice sacrificed 
at the times indicated. The activity rose significantly 
after 4 days of treatment. 

The relative concentration of the csterase in the 
IO5,OOO 9 fraction also increased during testosterone 
administration. In the C group. only 2 per cent of 
the estcrase activity scdimented from the final super- 
natant. This increased to 3 per cent after 38 hr. to 
5 per cent after 96 hr and to 8 per cent after 7 days. 
There was a corresponding decrease in the esterase 
in the supernatant from 95 to 6X per cent after 7 
days. The activity in the 10,900q sediment rose paral- 
lel with the microsomal fraction from 4 to 25 per 
cent on the average. 

Rerli~z. Microsomal fractions of the homogenized 
gland of young female mice contained renin. although 
much less than the adult male (Table 4). Ta. Tp and 

Table 3. Time course of induction of BAEe chterase In a microsomal fraction of the submaxillary gland* 

Control 
c S Ta-tre;rted 

Group Day 0 Daj 4 Day 7 Day 4 Day 7 Day I Da> 2 Day 3 Day 4 Day 7 

0 I ,9x I .o I.XS 2.2X ‘I.99 I 1.x2 
I 0.98 I.22 7.24 3.XX 6. I 0 I-v40 
? 

; 0.99 0.8 I .42 I I.36 .9X 2.16 3.78 9.9 2.32 4-3x Ii.4 +fl 
4 I.17 I.71 2.24 2.50 15.3X 
5 0.75 1.29 1.52 242 X.XX 
6 I .09 I.37 I.63 6.81 
7 I.74 1.63 2.22 17.15 

Mean i S. E. I a7 I .42 I.66 1.67 2.22 I.1 1 2.04 3.08 5m I I .x0 
* I’ & 0.18 i_ 0.2x i I.13 * 1.13+ 

* Each figure was obtained from eight pairs of submaxillary glands. Activity: Ilmoles BAEe hkdroljred min mg of 
pl-<Flcln. 

t Signllicantly different from S7. P < @Ol. 



the anabolic steroids enhanced tht‘ renin content 01 
the submaxillar\ plmnd (Table 4). Ta LV;IS the wakcst 
inducer. Rcnin in the microsnmal fraction of Ta mice 
rose -i-fold. in the Tp mice it dent up 20-fold, 24-fold 
in D mice and I6-fold in the other anabolic steroid- 
treated N mice. The amount of angiotcnsin I gener- 
ated by the fraction from purified hog angioten- 
Gnogen in I min ~35 237 * 43 ng angiotenrin mg of 
protein in Tp mice treated for 1 wck as establishal 
by radioimmuno~~ss~~~. Treating animals fol- .! week\ 
enhanced the renin acti\it) e\en niorc. lo 333ng. 

Aciministlation of ACT lowered induced renin action 
b! 50 per cent. 

The spccilic ncti\,it) 01’ renin also increased III the 
lO.YtX)q sediment and in the final supernatant of the 
homogcni/_cd gland after I week of ~idministration of 
Tp. The activity incrcascd in the supcrnatant from 
135 to 3x6 and in the lO.YOOq sediment from 335 
to 3752 ng mg of protein. Figure I shows the time 
course of induction in one group of mice rccciving 
Tx The renin contwt of the microsomal fraction rose 
considerably after 3 days. 

The cn/) mc in the: mwosom;ll fraction was h! pcr- 
tcnsivc as shown by injecting it. i.\.. into anesthetized 
rats. The mean qstcmic arterial blood preszurc of 
the rats prctreatcd M ith ;I ganglion blochcr row 60 
per cent after iri_icction of 23 /I g of microsomal pro- 
tein. There ~vas tachyphylasis to this efl‘ec1 on the 
blood pressure. 

The microsomal renin preparation relcasod more 
anpiotensln I from the hynthctic tctradecapcptidc wb- 
\tratc than from Lln~iotcnsinopen, Tp mice liberated 
25 /-cg, mp of protein in I min ;I( ~1-1 h%. This MW 
established by bioasza) of the pcptide on the rat 
blood prew~re. Much Ich\ (3.4 /rgl angiotensin I \\;I\ 

relcaaed when the incubation of rcnin and substrate 
\+a carried out at pH 3.5. 

KPII~II. The microsomal fraction of the fcmaic 
IIIOUSC kidnq contained rcnin as estahlishcd b> 

radioimmunoassu) aind by hioassaq. We dctcctcd no 

significant differences arnorlg C‘. S md Tp groups. 
Angiotcnsin I [X.X (S. E. k 1.7) ng] was rcleascd b> 
I mg protein in I min bq. the Tp group as mcasurcd 
by r~~dioirnrnLlno~Iss~i~. The renal fraction of female 
mxe in S group and in Tp group trwrcd with AC’T 
liberated IO.7 (_t 1.8) and Y9 ( +2.X) ng angiotcnsin 
I. The microsomal rcnin released more angiotcnsin 
I from nephrcctomized i-al plaxma than from purilicd 
hog ~InfiBtensinopen: 0.1 jrg mg of xigiotenGn I w;i\ 

libcratcd in 1 rn~n in radio immunoas~a\. t:\cn ~OI-c 

anpiotensin I (I.7 jig) b;ib released from th< \!nthetic 
tctraducapeptidc substrate estima(ed 111 bioa,say done 
under the conditions descritxd in Method\. 

Injection of 300 /lg of the microsomal protein inlo 
rat raised the mean syrtemic ar(crial blood pressure 
bj 90 per cent. During the length of the cxpcriment. 
the blood pressure did not return to preln_jcction lewl. 
Repeated injection of the material was much Ica 
ell’ecti\c because of tachyphylaxis. 

~.~/rvxw. Because storage at ~- 20 ina) aft‘cct the 

B.4Ec esterase in the microsomcs. in the same group 

of c’. S. Ta and Tp mice the cm\ me \\:I’; rcctcd the 

q RENIN 

100 
1 

s 
: 60 

e 
= 40 ! 
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Table 5. BAEe csterasc activity in ;L mu-osomal fraction of female moose kidney* 

Control Treated I ncrcase ill 
No. of treated group 

Scrics group C S TLI TP I”,,) 

I I 7 x 12 50 
3 
3 20 20 21 28 46 7x 33 64 
4 II IO I 9 90 

II 5 IX 2’) (16) 61 
6 9 70 (14) 132 

7 34 37 46 (30) 23 

Mean IX.4 IX.7 26.2 31.7 63.3 

i_ S.E. * 4.7 * 4.1 * 7.4 + I.6 f I2,7i- 

ACT-treated 20 

(mean + S. E.) + 5a3 

Figure in parentheses: mice treated with ACT. Each figure was obuined by pooling six 
to tight kidneys from a group of eight mice. Activity: poles BAEc hydrolyred min mg 

of protein. 
-I- B? fhc sign test pl-obahility of S. D. is -COOI. 
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same day and the results were expressed as per cent 
increase in Ta or Tp mice (Table 51. The BAEe ester- 
ase activity of the microsomal fraction of the homo- 
genized kidney cortex was similar in C and S groups. 
Treating the animals with Ta or Tp. however, 
enhanced the action of the enzyme in the microsomal 
fraction. The mean increase in the Tp mice was 63 
per cent. However. treatment with ACT abolished this 
increase. 

Increasing evidence indicates that renin exists in 
several forms in tissue and in blood. For example. 
blood samples taken from patients suffering from 
Wilm’s tumor of the kidney contain a higher molccu- 
lar weight variety of renin [l-i]. In addition. rcnin 
may be coupled to ;I protein in the kidney [l3]. A 
precursor of renin exists in the amniotic fluid [IS] 
and many tissues contain pseudorenin [ I6J. 

Several groups of investigators observed that there 
is renin in the salivary glands of the white Swiss male 
and that the enzyme is also present in glands of the 
young female mice which are treated with testoster- 
one [1.2,5.17P20]. Some reports indicating the com- 
plete lack of renin in untreated females were based 
on using bioassay, which was not sensitive enough 
to detect a low level of the enzyme [17]. 

Our experiments have shown that a portion of the 
renin content of the submaxillary gland and kidney 
of mice is particle bound and sediments with the 
washed microsomal fraction. This preparation 
released angiotensin I as established by radioim- 
munoassay and bioassay. It cleaved the purified hog 
angiotensinogen. and the synthetic tetradecapeptide 
and liberated angiotensin I also from nephrecto- 
mi7ed rat plasma. The et!zvmc also raised the blood 
pressure of the rat when injected iv. Treating %-day- 
old female mice with testosterone clcvated the renin 
content in the submaxillary gland. The specific 
activity of microsomal renin increased more than the 
weight of the organ or the protein or RNA content 
of the fraction. That the rise in renin activity was 
due to induction of the enzyme was shown in experi- 
ments where administration of ACT blocked most of 
the effect of testosterone. 

The activity of a BAEe cstcrase in the particle frac- 
tion of the submaxillary gland rose parallel to renin. 
ACT also blocked the rise in the csterase action. This 

BAEe estcrase in the submaxillary gland. however. 
was not identical with kallikrein. The presence of 
BAEe estcrasc in the gland and the clfect of tcstostcr- 
one on the enzyme wcrc shown by a number of invcs- 
tigators but its functions are not known [21.22], 
Because of its substrate specificit! it maJ clcavc pcp- 
tide bonds involving the carboxyl group of arginine. 
Two peptides. the nerve growth factor and cpidcrmal 
growth factor present in the gland. have C-terminal 
arginine [23,34J. If they exist in tissues in the form 
of a longer pcptide chain. such as proinsulin in the 
pancreas 1251, then the arginine cstcrasc. or mavbc 
even kallikrein. might liberate them at the argiliine 
residue. 

In addition to the two testosterone preparations 
used, a single injection of an anabolic steroid also 
induced both renin and BAEe estcrase in the gland. 

The microsomal renin content of the kidney was 

not stimulated by testosterone. However, this hor- 
tnonc acts on the epithelial cells of the proximal 
tubules of the kidney [26] and these cells probably 
do not contain renin. The microsomal arginine cster- 
ase content of the kidney increased moderately in the 
Ta and Tp mice. We did not stud>; the kininogenasc 
(kallikrein) activity of the preparations. The areinine 

esterase activity in human urine is due to kallil\rein. 
and in rat kidney it is at least partially attributed 
to kallikrein [27.X]. This renal enrymc ma> ori- 
ginate from the proximal tubules [ZYJ. although 
recently it was located in the distal tuhulcs [.%)J. 

Granules of submaxillary gland contain kallikrein 
and renin [S]. and juxtaglomerular granulation is the 
site of renin storage in the kidney [31]. Pre\iouslq 
we used a Dounce homogenizer for isolating granules 
from the submaxillary gland at 37 because the 
granules Iyse at 4 [X6. I?]. In the present cxperi- 
mcnts. we used a different technique and no prc- 
cautions were taken to extract the granules intact: 
neither was the first 120// sediment containing 
unbroken cell5 and debris rc-eutractcd to improve the 
yield. WC wanted to establish the existcncc of a 

particle-bound renin in the tissues of the mouse. 
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The pat-t~clc-bound renin described here is diflerent 
frc)m the pscudorenin [16]. The microsomal renin is 
acti\c at neutral pH and releases angiotensin I from 

plasma irl rilro and irk r?lu. Pseudorenin is inacti\t: 

tlndcr thesc wnditions. 

Renin is rclensed from the kidney after /Cdrenergic 
ircwptor stimulation [32] and its half-lift in the circw 
Iation can be mcasurcd m minutes 1331. As NC 
olxcr\ed in the subm~txillar~ gla~nd. its concentration 
in tlic lishw incrcasect relati\clq sloul~, since wc 

ilc~cckd a signilicant rise in microsomal renin onI) 

after 1 da) 5 of testosterone treatment. It remains to 
be cstablishcd whether this form of microsomal rcnin 
ih relcwxl into the circulation or whether it iy 
rclaincd in the organ for an intrarenal function. 
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