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Abstract We studied the induction of renin and a protease (arginine esterase) in the washed 103.000 ¢
sediment of the homogenized submaxillary gland of 758 young female mice. Administration of testoster-
one propionate. x-methyltestosterone or an anabolic steroid such as nandrolone phenpropionate in-
creased the particle-bound renin and arginine esterase activity in the animals sacrificed 7 days after
the first injection. The enzyme activity rose significantly within 4 days. Actinomycin D blocked the
induction of renin and arginine esterase. In addition, testosterone increased 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 kidneys. Actinomycin
D blocked these effects of testosterone as well. The particle-bound kallikrein activity of the submaxillary
and the particle-bound renin activity of the kidney were not changed by testosterone administration.
The 105,000 ¢ sediment of kidney homogenate has arginine esterase activity which increased an average

of 63 per cent after the injection of testosterone.

Submaxillary glands of the whitc Swiss male mouse
contain both renin and kallikrein, but the glands of
the female mouse have very little renin [1, 2]. Testos-
terone administration stimulates the development of
secretory granules and increases renin concentration
in the gland of female mice [3,4]. Renin and kalli-
krein activity are present in a granular layer isolated
from the submaxillary gland of male mice [5]. but
the particles containing renin can be separated from
kallikrein granules by repeated centrifugations [6].
Continuing these investigations, we have also found
enzymic activity in a high-speed sediment, the micro-
somal-ribosomal fraction of homogenized kidney and
submaxillary gland. This fraction from glands of male
or female mice contains active renin and kallikrein.
The renin activity increased in the microsomal frac-
tion of the submaxillary gland after treating young
female animals with testosterone or with an anabolic
steroid. We also studied the induction of a benzoyl-
arginine ethyl ester (BAEe) esteruase by testosterone
in the gland and in the kidney of the mouse.

MATERIALS AND METHODS

Muterials. Testosterone propionate was purchased
from Schwarz-Mann. [7x-methyltestosterone from
Sigma Co.. nandrolone phenpropionate (Durabolin)
from Organon, (Asp'-lle®)-angiotensin I, bradykinin
and the synthetic tetradecapeptide renin substrate
from Schwarz-Mann, and hog renin from Miles Labs.
Norbolethone (WY3475) was a gift from Dr. M. L
Gluckman of Wycth Labs. Kits for radioimmunoas-
say of renin were purchased from Squibb & Sons.

* Supported in part by NIH, USPHS Grants HL 16319,
HL 16320 and HL 14187, and by the American Heart As-
sociation 72-774.
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Actinomycin D was obtained from Schwarz-Mann
and DFP from Aldrich Chemical Co,

Animals and tissue preparations. A total of 758
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., Gilroy, Calif, or Microbiol. Assoc., Walkers-
ville, Md. (series I1) at the age of 3 wecks. 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 cither I mg testosterone propionate (Tp).
I mg 17x-methyltestosterone (Ta), 0-25 mg norboleth-
one {N}) or 0-25mg nandrolone phenylpropionate
{Durabolin} (D). The D injection was not repeated.

On days 2, 4 and 6, injections of 0-1 ml S or 01 ml
sesume 0il 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 () were not
handled. Actinomycin D (ACT)-treated animals were
injected i.p. with 25 ug ACT in 0-1 m! 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, cight animals per group
were killed by exsanguination under sodium pento-
barbital anesthesia. One kidney and both submaxil-
lary glands were removed from each animal. The
glands and the kidneys were pooled separately and
cooled in an icecold solution of 0-25 M sucrose in
0-05 M Tris-HCI buffer, pH 7-4. All subsequent treat-
ments were performed at 0-5". Tissues were cleaned
of fat and membrane, weighed and chopped with scis-
sors in 2 or 3ml of fresh sucrose buffer. Eighteen
strokes in a glass-glass Potter-Elvehjem tissue
grinder (Kontes size 23) at 1200 rev/min for | min
were used to homogenize the tissue. The resulting
homogenate was further diluted to a final concen-
tration of 1:10{w v} with sucrose buffer. Aliquots were
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retained for DNA determination. The remainder was
centrifuged at 120 in u refrigerated Sorvall centri-
luge for 10 min at 4 . then for 30 min at 10.900. The
precipitate was resuspended in approximately 2 mi of
sucrose bufler and centrifuged for 30 min at 10900 .
The combined supernatant plus wash were then
centrifuged for 1 hr at 105,000 g. The 105.000 ¢ super-
natant was kept (final supernatant). The sediment
from this high-speed centrifugation was resuspended
in sucrose buffer and centrifuged again. The drained
precipitate obtained after the second centrifugation
{microsomal fraction) was resuspended in 2 ml of -1
M. pH 6%, sodium phosphate buffer by 12 strokes
with a small (Kontes size 21) glass glass Potter

Elvehjem homogenizer. The 10900 ¢ precipitate was
resuspended in the same fashion. All fractions were
frozen for storage and usually thawed only once at
the time of assay. Fourteen-day samples were
obtained from animals which had been injected with
the same amounts of androgen on alternate days, sac-
rificed on day 14 and were prepared in the same man-
ner as day 7 samples.

Methods. Microsomal fractions were solubilized
with 0-1°, Triton X-100 and centrifuged in a Brink-
mann desk-top centrifuge for 2:5 min and the protein
in the supernatant was determined [7]. Bovine serum
albumin was used as protein standard. RNA in the
microsomal fraction was determined by the modified
Schmidt Thannhauser method [8]. DNA in the
homogenate was measured by the diphenylamine
method. Samples were extracted twice with 1M
perchloric acid for 20 min at 70 [9].

Hog renin substrate was prepared as described pre-
viously [5]. (One mg of substrate preparation con-
tained 0-86 mg protein and produced 224 ng angioten-
sin 1 when incubated with excess commercial hog
renin.) The K,, equaled 0-8mg/ml in our system.
Samples were preincubated for 30min at 37 with
enzyme  inhibitors  (107*M  o-phenanthroline,
8§ x 10 *M BAL and 107°'M DFP in 005M
sodium phosphate buffer, pH 6:8). Hog renin sub-
strate was added to ice-cold preincubation mixtures
to a final concentration of 4 mg/ml. The samples were
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incubated for S 1Smin at 37 in a shakmg incubator.
During this time not more than 25 per cent of sub-
strate was converted to angiotensin L The reaction
was stopped by freezing samples inoa - 300 bath.
Angiotensin I was assaved with the Squibh Angioten-
sin T Immunotope kit. A similar protocol was used
substituting 10 gg tetradecapeptide ml ol incubation
mixture for hog renin substrate. In this assayv. the
reaction was stopped by placing the incubation tube
in a boiling water bath for 13 min and subsequently
freezing, thawing and centrifuging it. The angiotensin
[ liberated in the supernatant was assaved on the sys-
temic arterial blood pressure of the anesthetized rat
[5]. (Asp'-lle®) ungiotensin 1 was used as the stan-
dard. The animals received 30 mg ke of sodium pen-
tobarbital and 10 mgkg of pentolinium tartarate.
Female Wistar Furth (WF finaik so-called dextran re-
sistant [10], rats were used. These animals are par-
ticularly suitable for experiments lasting up to 6 8 hr,
since they usually do not develop edema.

Human plasma kininogen was prepared by diluting
fresh plasma 1:1 with saline and heating it o 36
for 30 min. Microsomal kallikrein preparation was in-
cubated at 37 for 20 min in 0-03 M Tris HCT buller,
pH 7-4. containing 10 *M o-phenanthroline. After
kininogen was added. aliguots were withdrawn every
Smin and the kinin released was assaved on the
isolated  rat uaterus [1TL using synthetie brady
kinin as standard. BAEe esterase assay was done as
mentioned previously [ 12]. Microsomal samples were
solubilized with 0-1", Triton X-100 and assayed with
10 *M BAEc in 0-05M Tris HCI buffer. pH 30, in

a Cary 15 or 118C recording u.v. spectrophotometer.

RESULTS

Effect of testosterone. The weight ot all treated und
untreated animals increased i 7 days including C,
S, Ta and Tp mice, but only Ta mice weighed signifi-
cantly more (P < 0:01) than the control (Table 1
Mice which were treated with ACT did not gain but
lost weight.

The weights of submaxillary glands and kidneys of
C and S animals were similar. Treatment with testos-

Table 1. Effect of testosterone and actinomycin in young female mice

Submaxillury gland

Kidney

Microsonial

Microsomul

Weight of Weight protemn RNA-P Alicrosonl Aicrosomil
animals {mg/par Img, pair ot g pair of Weight protein RNA-P
Series Treatment (g of glands) glands) glunds) (myg kidney) tmg hidnevt teg kidnen
I 4 299 4 05 Y37 4+ 37 Q462 3 04092 20N - 015 1S3> - Iis 1366 ] 4 |0
(N - 3>
S M2+ 05 27 4 56 0443 - 00D6S J45 + 0284 1654 = 70 -39 & (s T ]
(N 36
Ia 335 0 1222 + 597 0370 — 0085 835 4 O-RoF 1976+ [U-5) IR TN [T R &
(N od)
1 S REE B 1B Wl £ ol G261+ 0040 141 + 023 140400+ 138 0796 - T Usd 4 O
(N = 79)
L RETVRARIE 1259 + 94 Odds 4 0021 52401 0%k {901 1 {20 LU - o4y [ RIS TR
(N ROy
Tp o+ 196t (50 T8+ Npt Q288 4 0-080 2710 4 108 AN f S 0703 - 083 1255 - 1o
ACT (N =42

* N = number of animals.
P < 001
2S.D. from C. P < 005
< S.D. from S, P < 001

Significantly different from S, P < 0-05.
¢ S.D. from Tp. P < 001
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Table 2. Induction of BAEe esterase activity in a microsomal fraction of the submaxillary gland
of female mice*
No. of Control Treated
group C S Tp Ta D N
I 0-2 2:2(61) 66 {3-6)
2 11 ‘4‘9(74} 12:5(74)
3 2 1-4 10-8 (6-1) (1-8)
4 06 82(72) 78 (4:3) 88 (43)
b 1-0 14-1 7-3
6 2-8 7-1
Mean + S.E. 24 09 4 02 10-8 + 1-1+ SR 72 10-65
ACT-treated 67 + 0-3% -8 395 S¥5
(mean +S.E)
* Each figure was obtained {rom eight pairs of submaxillary glands. Figure in parentheses:
mice treated with ACT. Activity: ymoles BAEe hydrolyzed/min/mg of protein.
+ Significantly different from S, P < (-01.
1 S.D. from Tp, P < 0:05.
teronc increased significantly the weight of the sub- treatment can be attributed to induction of the

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 100
per cent, respectively, compared to S animals. In three
cxploratory 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.

Submaxillary yland

Esterase. BAEe esterase increased 11-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-
somal fraction after testosterone or anabolic steroid

enzyme.

The microsomal preparation also had Kallikrein 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
48 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 esterase in the
105,000 g fraction also increased during testosterone
administration. In the C group. only 2 per cent of
the esterase activity sedimented from the final super-
natant. This increased to 3 per cent after 48 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 68 per cent after 7
days. The activity in the 10,900 ¢ sediment rose paral-
lel with the microsomal fraction from 4 to 25 per
cent on the average.

Renin. 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 esterase in a microsomal fraction of the submaxillary gland*

Control
C S Ta-treated
Group Day 0  Day 4 Day 7 Day 4 Day 7 Day 1 Day 2 Day 3 Day 4 Day 7
0 198 1-0 1-8S 2:28 499 11-82
I 098 -22 224 88 610 1440
2 0-99 142 198 378 99 154
3 08 2:32 1:36 216 4-38 9-6
4 1-17 1:71 224 250 1538
5 0-75 1:29 1-52 242 888
6 1-09 1-37 1-63 681
7 1-74 1-63 222 12:15
Mean + S.E. 1-07 142 1-66 1-67 222 1-11 2:04 308 505 11-80
12 + 018 + 028 + 113 +1-13+%

* Each figure was obtained from eight pairs of submaxillary glands. Activity: umoles BAEe hvdrolyzed min mg of

protein.
+ Signiticantly different from S7. P < 0-01.
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Table 4. Induction of renin in @ micro
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somal fraction of the submaxillary gland*

Control

Treated (1 week) Treated (2 weeks)

No. of . S la I'p N D Tp
group Day 7 Day 14
| 6 38 656 108
2 232 IST-2 (1104
3 7-4 444
4 SR 395
N R 92 S04 (228) 0 25940 (38K)
O 19-8 122:2 2094
7 116 3948 (1229
8 252 271 (1814
9 230 123 1848 (31-6)
10 62 465 (207-6) 401-2 (9%-6)
] 44 1344 (1174) "187 (46:2) 1974 (42:0)
Mean +S.E. 194 121 £26 42 SEd 4 206 2467 + 4281 29441 191 333
ACT-treated
{fmecan + S.F) RAR 1233 £ 239 724 47-1 IS0+

* Figure in parentheses: mice treated with ACT. Each ¢
Activity: ng angiotensin I'minymg of protein. Group 12:
and 120 Sutter: 7 9. Simonsen: 10 and 1. MBA.

+ Significantly different from S. P < 001,
S.D. from Tp. P < 0-05.

the anabolic steroids enhanced the renin content of
the submaxillary gland (Table 4). Ta was the weakest
inducer. Renin in the microsomal fraction of Ta mice
rose 7-fold. in the Tp mice it went up 20-fold, 24-fold
in D mice and 16-fold in the other anabolic steroid-
treated N mice. The amount of angiotensin [ gener-
ated by the fraction from purified hog angioten-
sinogen in | min was 247 + 43 ng angiotensin, mg of
protein in Tp mice treated for | week as established
by radioimmunoassay. Treating animals for 2 weeks
enhanced the renin activity even more. to 333 ng
Administration of ACT lowered induced renin action
by 50 per cent.

The specific activity of renin also increased in the
10900 ¢ sediment and in the final supernatant of the
homogenized gland after 1 week of administration of
Tp. The activity increased in the supernatant from
145 to 2886 and in the 10.900¢g sediment from 335
to 2752 ng/mg of protein. Figure 1 shows the time
course of induction in one group of mice receiving
Ta. The renin content of the microsomal [raction rose
considerably after 4 days.

The enzyme i the microsomal fraction was hyper-
tensive as shown by injecting it i.v., into anesthetized
rats. The mean systemic arterial blood pressure of
the rats pretreated with a ganglion blocker rose 60
per cent after injection of 23 ug of microsomal pro-
tein. There was tachyphylaxis to this effect on the
blood pressure.

The microsomal renin preparation released more
angiotensin [ from the synthetic tetradecapeptide sub-
strate than from angiotensinogen. Tp mice liberated
25 pgsmg of protein in I min at pH 68 This was
cstablished by bioassay of the peptide on the rat
blood pressure. Much less (34 pg) angiotensin I was
released when the incubation of renin and substrate
was carried out at pH 45,

Kidney

Renin. The microsomal fraction of the female
mouse kidney contained renin as established by

igure was obtained from cight pairs of submaxillary glands.
adult male mice: activity: 722 Source of mice: groups | 6

radioimmunoassay and by bioassay. We detected no
significant differences among C. S and Tp groups.
Angiotensin T {88 (S.E. + [-7)ng] was released by
I mg protein in 1 min by the Tp group as measured
by radioimmunoassay. The renal fraction of female
mice in S group and in Tp group treated with ACT
liberated 102 (+1-8) and 99 (+2-8) ng angiotensin
[. The microsomal renin relcased more angiotensin
I from nephrectomized rat plasma than from purified
hog angiotensinogen: 01 gg'mg of angiotensin 1 was
liberated in | min in radio immunoassay. Even more
angiotensin [ (1-7 pug) was released from the synthetic
tetradecapeptide substrate estimated in bioassay done
under the conditions described in Methods.

Injection of 300 ug of the microsomal protein mto
rat raised the mean systemic arterial blood pressure
by 90 per cent. During the length of the experiment.
the blood pressure did not return to preinjection level.
Repeated injection of the material was much less
effective because of tachyphylaxis.

Esterase. Because storage at --20 may affect the
BAEe esterase in the microsomes. in the same group
of C.S. Ta and Tp mice the enzyme was tested the

RENIN

PERCENT

DAYS
Fig. 1. Time course of induction of renin by x-methyltes-
tosterone in the submaxillary gland of the voung female
mouse.
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Table 5. BAEe csterase activity in a microsomal fraction of female mouse kidney*

Control Treated Increase in
No. of treated groups

Series group C S Ta Tp )
| 1 7 8 12 50
2 20 21 28 33
3 20 28 46 o4
4 1 10 19 90
I1 5 18 29 (16) 61
6 9 20 (14) 122
7 3 37 46 (30) 24

Mean 184 187 262 317 634

+ S.E. + 47 + 41 + 74 + 76 + 1274

ACT-treated 20
(mean + S.E.) +503

Figure in parentheses: mice treated with ACT. Each figure was obtained by pooling six
to cight kidneys from a group of eight mice. Activity: pmoles BAEc hydrolyzed, min/mg

of protein.

+ By the sign test probability of S. D. is <0-01.

same day and the results were expressed as per cent
increase in Ta or Tp mice (Table 5). The BAEe ester-
ase activity of the microsomal fraction of the homo-
genized kidney cortex was similar in C and S groups.
Treating the amimals 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.

DISCUSSION

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 molecu-
lar weight variety of renin [13]. In addition. renin
may be coupled to a protein in the kidney [14]. A
precursor of renin exists in the amniotic fluid [15]
and many tissues contain pscudorenin [16].

Several groups of investigators observed that there
1s 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 [1.2,5,17-207. 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-
mized rat plasma. The enzyme also raised the blood
pressure of the rat when injected i.v. Treating 28-duay-
old female mice with testosterone clevated 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 cffect of testosterone.

The activity of a BAEe esterase in the particle frac-
tion of the submaxillary gland rose parallel to renin.
ACT also blocked the rise in the esterase action. This
BAEe esterase in the submaxillary gland. however.
was not identical with kallikrein. The presence of
BAEe esterasc in the gland and the effect of testoster-
onc on the enzyme were shown by a number of inves-
tigators but its functions are not known [21.22].
Because of its substrate specificity it may cleave pep-
tide bonds involving the carboxyl group of arginine.
Two peptides. the nerve growth factor and epidermal
growth factor present in the gland. have C-terminal
arginine [23,24]. If they exist in tissucs in the form
of a longer peptide chain. such as proinsulin in the
pancreas [25], then the arginine csterasc. or maybe
even kallikrein, might liberate them at the arginine
residue.

In addition 1o the two testosterone preparations
used, a single injection of an anabolic steroid also
induced both renin and BAEe esterase in the gland.

The microsomal renin content of the kidney was
not stimulated by testosterone. However, this hor-
mone acts on the epithelial cells of the proximal
tubules of the kidney [26] and these cells probubly
do not contain renin. The microsomal arginine ester-
ase content of the kidney increased moderately in the
Ta and Tp mice. We did not study the kininogenase
(kallikrein) activity of the preparations. The arginine
esterase activity in human urine is due to kallikrein,
and in rat kidney 1t is at least partially attributed
to kallikrein [27.28]. This renal enzyme may ori-
ginate from the proximal tubules [29]. although
recently it was located in the distal tubules [30].

Granules of submaxillary gland contain kallikrein
and renin [5], and juxtaglomerular granulation is the
site of renin storage in the kidney [31]. Previously
we used a Dounce homogenizer for 1solating granules
from the submaxillary gland at 37 because the
granules lyse at 4 [5.6.12]. In the present experi-
ments, we used a different technique and no pre-
cautions were taken to extract the granules intact;
neither was the first 120g sediment containing
unbroken cells and debris re-extracted to improve the
yield. We wanted to establish the existence of a
particle-bound renin in the tissues of the mouse.
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T'he particle-bound renin described here is diflerent
[rom the psecudorenin [16]. The microsomal renin is
active at neutral pH and releases angiotensin 1 from
plasma in vitro and in vivo. Pseudorenin is inactive
under these conditions.

Renin is released from the kidney after -adrenergic
receptor sumulation [32] and its half-life in the circu-
lation can be measured i minutes [33]. As we
observed i the submaxillary gland, its concentration
i the Ussue increased relatively slowly, since we
detected a significant rise in microsomal renin only
after 4 days of testosterone treatment. It remains to
be established whether this form of microsomal renin
is released into the circulation or whether it s
retained 1 the organ for an intrarenal function.
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