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Trypsin inhibitors in human urine Hiroyuki Sumi, Kayoko MINAKATA,
Yumiko TAkADA and Akikazu TAKADA (Department of Physiology, Hamamatsu Univer-
sity, School of Medicine, Hamamatsu, Shizuoka, Japan)

By using ammonium sulfate, Arg-Sepharose and gel filtration, an urinary trypsin
inhibitor (UTI) with molecular weight of 67,000 (UTI;) was isolated from normal human
urine. The yield of UTI; was about 3,200 U per liter of urine. When urine was acidified,
an uropepsin-like substance was activated which caused molecular weight change of
UTI;. New UTIs had molecular weight of 45,000 and 22,000 (UTI,.;s and UTI,.;), respecti-
vely.

These inhibitors showed a strong effect on trypsin, a-chymotrypsin and lessér extent’
on plasmin and elastase, but had no effect on esterolytic activity of thrombin and the
first components of complement CIS and CIf.

(J. Physiol. Soc. Japan (1977) 38, 53-58)
key words : urinary trypsin inhibitor, uropepsin, plasmin inhibitor, elastase inhibitor.
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Fig. 1. Effect of preincubation time on UTI

activity. 0.25 ml of urine, dialyzed against 0.1
M phosphate buffer, pH7.4 was preincubated
with 2 #g of trypsin for several time at 20°C,
and % of inhibition of urine on the caseinolytic
activity of trypsin was determined, in the same
buffer with 2 % casein. Values are means of 6
samples and perpendicular lines show standard
error of means (SEM).
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Fig. 2. Gel filtration profile of UTI on Sepha-

dex G-100. UTI was concentrated from normal
human urine by using A) Ammonium sulfate,
B) Arg-Sepharose column, and C) concentrated
from acid treated urine (pH 3.5, 20°C/12hr) by
using Ammonium sulfate. UTI (U/ml), o o
Uropepsin (#g/ml), «------s ; Protein (ODzs), «—

L, SFEX22,000+3,000 (UTL.,) #5&L
jz. —F, #1 tv°—2 (Tube No. 18~24) %
BSA o=+ Y YV roRBlcBEHERSD
F-E1345,000+3,000 (UTL.;) Td »72. HiEH
HENRZH 263 33X 00 307U/mg B 5 B
1,469, X 002,185U/1Cdh o7z, UTh, iz &
Y77y 73K disc BREEOKE, UTL
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Fig. 3. Inhibitory effect of UTI. Inhibitory effect of A) Urine (128.6 #g of protein/ml)
o, B) Partially purified UTI; (102.5 #g of protein/ml) on trypsin
-, respectively. Values are means of

on trypsin (2 pg), o

(2 pg), o o ; and on a-chymotrypsin (2 pg), -
11 samples +SEM.
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Fig. 4. Affinity chromatography of UTI; on
trypsin-Sepharose. 200 ml of urine was applied
on a column (1.2 x 3 cm) of the trypsin-Sepharose
at a flow rate of 2.5 ml per min at 4°C. After the
column was washed with 50ml of 0.1 M phosphate
buffer, containing 0.2 M NaCl (pH 7.4), the UTI,
adsorbed could be eluted with 0.01 N HCI (Tube
No. 50~58). Recovery of UTI; was about 50%),
and specific activity was 470 U/mg of protein.
UTI (U/ml), » o ; Protein, -
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Fig. 5. Polyacrylamide gel electrophoresis of
UTL Partially purified UTIs (ca. 200 zg¥of pro-
tein) were subjected. A, UTL.,; B, UTL;;C,
Human serum, respectively.
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7. M3BlzHhbhainl, BREZOEE
RAviema (A) kgL, B8R UTL o b
V7Y URHEIREEE %t L linear GERV HE %
mLliz. Zo UTL & Y 7y v AT
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-Sepharose # iVRF UTI o774 =54 7
v NS5 T 4 —fThokEE, BELE
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i, MM Leg UTL 85 &2 H v, BE
%, EEEISR, MERA COFERFITH TS
RERF L.
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Table 1.

Yy, E M) FVUBEERIREKL, Bveinsb
FTAIv, TTREZ—FHEOD B T LR
»ohiz. UTI, ¢ UTL., UTL., ik & 0{E4S
F UTI ofEEHDRZ LIBT3, 752
Ty, 23R F—¥FHERESF UTI 0o
BWERERLTCS. —F, vaxih—+¥B
UG E—mRs Cls, Clt ofigERvwTFho
UTT b @B bhikdoiz.

BEECITTrE>H»D UTI e MRE
VRIS LTV B, 195548 Schulman® i 45
RERCFEIT00EsF UTL 2, %2
Astrup 52 134y F& 28,500 » UTI %z Tw
5. 5 v 3L, Hochstrasser 81358
FBLHE Lzt MR Y bhbhoEsFUTI
EATFEDO I UTI #8fL, #h®h
F AR THFE 44,000, 1 X O 22,000C
bsdrvs. B UTI o hY 7y o P4t fEE
EHRHRE STy,

wWEhizL s, $ETHEShT v 5 UTI
OREMEHEIZIBLT MY 7 v VERER, BEE,
R & pH3.0 DIT OV & %

Inhibitory effects of partially purified UTI;, UTI.s and UTI,.,. After the pre-

incubation of each enzyme and UTI for 5min at 37°C, residual activity of enzyme was
determined by the method described in ‘“Materials and Methods”. Specific activities of
UTI;, UTL.s and UTI,., were 781.2, 549.5 and 487.8 U/mg of protein, respectively. All
values are mean+SEM. Number in the parenthesis indicates the number of assayed

sumples, N I shows no inhibition

Enzyme Substrate g of UTI, causes 50 % inhibition
UTL, v, o UTI, ,
Trypsin (2 pg)  casein 1.28 # 0.11 (6)  1.82 £ 0.08 (2) 2.05 % 0.02 (5)
TAMe 1.31 £ 0.2k (2) 2.05 # 0.10 (2) 2.63 % 0.05 (5)
o{-chymotrypsin casein 5.4% + 0.33 (6) 8.03 + 0.15 (2) 9.70  0.77 (5)
(@pg)  yome 5.60 + 0.18 (6)  6.02 + 1.05 (3) 7.15 % 0.99 (3)
K““imi?go e e 2.70 £ 0,01 (2)  2.53 (1) 2.77 (1)
Plasmin casein 865 + 14 (9) 530+ 25 (2) W5+ T (5)
(0.5 casein 0) gy, > 865 (2 >0 (1) >770 3]
Elastase (0.5 U) Congo red- 1,226 £-376 (7) 985 + 77 (3) >T70 (1)
elastin -
Urokinase Plasminogen
(20 1U) (TIMe, casein) NI NI NI
Thrombin ( 5 U ) fibrinogen NI NI NI
TAMe NI NI NI
c1s (47T pg)  ATEe NI NI NI
NI NI

cir (100 pg)  AaMe NI
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BROBMOBRTHCYTEY, b5 EED
modification # 5 177z UTI ©& % Al gt 35R
Vo bbb EREREBEEETHE D 5 v ik
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UTL 253z i TEk. 272 UTI2RED
iEHE Trypsin-Sepharose H AL 37 7 4
=54 ruw b7 4~ TRBRR LGS,
X4 iR, WE L UTT i 0.01 NiEE:
LD B THEICERELTE, TR
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F UTl.;, 5.0 i% native &R, 2 W ix 2 &
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B (K2A, Tube No. 17~19, X 2B, Tube
No. 15~21) #BRALE L 72H/E2{Rvbh
Bhole. JR%E100°C, 154HMBMLE T 5 &
UTL o®iiic X 25T brsbhine
LAY, UTL oSFERMESREGT
KTEEEEN 2 D 2BORPERICL DL D
LIRS iz,

Kockhdfen 5913195848t 1 jErvic Ander-
son } Maclogan » A,-mucoprotein 1, %
BUREE e —EPEFPCSEDO T v
Sy =T UoREEN, BESFRT 5 R
FOEMLY pH k&b s 2 &, BIUH
BET 50wk — EEEOEKTER L. bh
bivbFiZcEbTic TEME Lz UTL fomiEr
w77 —EIEEEZ R LickERE, Sephadex G-
100 iz X 23 F AREBIC B THFER 35,000 %
ATV v XF Y UROEMENE S v © T
HRREB Sz U e 7y RS I3 Anson
DEED £ TT % F 2 7 v o (Worthington
Biochem) Zi@# iz Fv, 11 RAcH 1.2~2.0
mg &5 GIEEREY bh, BERETIC
B\ CFEBEE I L 3R UTL o modification
BEZbNhTZ. '

4&E, FR&ZBgaEL UTL o&sF bR
Liedt, SBERLERERAY, UTL oy
TR B S e T 5 b3k, £ UTI iext
THHAER £ o fk, SHICFERBL
UTI $Eiko BfRic > TR LTI LB 5 T
w3,

A DGO — B2 EATR D T £,
FASIE B AL (LE R TRE LT, ‘

X ik
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Developmental changes of action potentials in olfactory
cortex slice of guinea pig

Takanori Fuji, Koichi MURAYAMA and Yasuhiko IBATA *

Department of Physiology, Department of Anatomy* Kyoto Prefectural
University of Medicine, Kyoto, 602, Japan

An observation of the appearance and be-
havior of guinea pigs makes one think that
the functions of their central nervous
system would have fully developed at birth.
But a preliminary study using the olfactory
cortex slices shows that their electrical
activities develop as ontogenesis goes on
after birth. The present study is mainly
concerned with the ontogenesis of the
evoked potentials of the axonal tract
response, one component of the field re-
sponse evoked in the olfactory cortex.
Histological observation was also made to
see the relation between physiological and
morphological ontogenesis in the slice.

Olfactory cortex slices of the guinea pigs
ranging in age from the 1st postnatal day
to 36th week were used. The method of
brain slice experiments has been described
in detail previouslyb?)., Sites for stimulation
and recording evoked potentials are illu-
strated in Fig. 1 A. Orthodromic stimula-
tion was given to the lateral olfactory tract
(LOT) by means of a pair of the silver
ball electrodes set on the rostral cut end.
Evoked responses were recorded with a
monopolar silver ball electrode at the sites
shown in Fig. 1A :a, ¢ and { are located
along the tract 3mm, 4 mm and 5 mm dis-
tant from the stimulating electrode respecti-
vely; and b, d and e are 0.5 mm lateral, 1
mm and 2 mm medial to the LOT respecti-
vely along the line normal to the LOT axis
4 mm distant from the stimulating electro-
de. The conduction velocity of compound
axonal potentials traveling along the LOT
was measured with a pair of silver ball
electrodes, 0.25 mm in tip diameter and with

BRFFGAN, FHLZA—, FIRFRE> : JUHFILER
KA S - B R g
[Received for publication September 9, 1976)

their tips 4 mm apart, placed on the tract
parallel to running direction.

The evoked potential elicited by stimula-
tion of the LOT consists of an initial spike
(IS), a negative (N) and a positive (P) poten-
tials. The IS is the field potentials produced
by action potentials conducting through the
LOT (Fig. 1B) and the following two com-
ponents are of postsynaptic origin®¥.

Macroscopical observation of the olfac-
tory cortex slices showed that the LOT
from 3-day-old (immature) animals was
narrow in width and looked transparent,
but it was not so white as the slice from
36-week-old (mature) animals in which the
LOT was pure white, broad and easily
distinguishable from the other parts of the
cortex.

.~ From the physiological point of view, the
amplitude of the IS was very small in the
slice from the 3-day-old animal (Fig. 1B),
but was observed to have greatly increased
in the 36-week-old animal (Fig. 1C). A
topographical investigation was also made
of the evoked potentials to see whether or
not there was any characteristic difference
in ontogenesis among the topographically
recorded electrical activities. The results
obtained from the immature and the mature
animals are compared in Fig. 1B and C,
respectively. In both cases, the amplitude
of the IS potentials decreases gradually as
their conduction distance from the stimulus
site is increased. Also it should be noticed
that the magnitude of the increase in the
IS potentials as ontogenesis goes on is
higher when recorded from the cortex than
when recorded from the LOT ; that is, their
increased rates are by about six times when
recorded at a-, c- and f-sites and by about
eight times at d- and e-sites (olfactory
tubercle) respectively (ref. the third row in
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Fig. 1. A : schematic drawing of olfactory cortical slice. Evoked responses are topogra:

phically recorded at a-, b-, ¢-, d-, e~ and f-sites. s, stimulation. ros, rostral. cau, caudal.
med, medial. lat, lateral. B, C : recordings from olfactory cortical slice of 3-day-old (B)
and 36-week-old (C) guinea pigs. The responses are recorded at the same sites as shown
in Fig. 1 A. Voltage, 1 mV. Time, 5 msec. D : developmental change of conduction velocity
of IS potential. Each plot represents the measurement of conduction velocity of IS potential.

Table 1. Comparison of the IS potential amplitude (mV) between 3-day-old and 36-
week-old guinea pigs. All values give the mean+S.D. obtained from three guinea pigs
at each age

Recording sites

Age a c £ b d e
3-day-old (A) 0.9340.15 0.73+0.14 0.54+0.05 0.23+0.03 0.28+0.11  0.12+0.04

36-week-o0ld (B) 5.5 1.5 4.3 0.8 3.1 #1,0 1.2 %0.6 2.0 %0.9 1.1 0.6

B/A 5.9 5.9 5.7 5.2 7.1 9.2

Table 1). The numerical data for the am- possibility could be proposed as follows. In

[y

)

plitude of the IS potentials topographically
recorded at various sites are summarized
and compared between the two cases in
Table 1.

The values, B/A, shown in Table 1 are
greater of the olfactory tubercle than of
the LOT. In explanation of this result, one

the immature stage, nerve fibers are origi-
nally sparse in the region of the olfactory
tubercle, and as the development goes on,
the nerve fibers from the LOT grow extend-
ing into this region. In addition, these
fibers repeat bifurcation, which would occur
more frequently in the olfactory tubercle



than in the LOT, and result in the increase
in number of the nerve fibers, that is the
larger increase in amplitude of the IS
potential in the mature olfactory tubercle.

The N potentials following the IS showed
in general rather smooth waves in' the
immature olfactory cortex slice, even thou-
gh a few small notches were superimposed
especially in the N potentials recorded from
the LOT and the olfactory cortex, lateral
to the tract (Fig. 1B, a, ¢, f and b). In the
mature stage, however, the prominent not-
ches superimposed in the N potentials
appeard (Fig. 1C). These notches are most
prominent in the N potentials recorded
from the LOT (Fig. 1C, a, c and f) and the
cortex, lateral to the tract (Fig. 1C, b), two
to three notches being clearly observed in
these recordings. But notches become less
prominent as the recording site is moved
from the LOT to the olfactory tubercle
(Fig. 1C, d) and finally disappear, producing
a smooth N potentials without any notch
(Fig. 1C, e). The prominent notches superim-
posed in the N potential observed in the
mature preparations might be brought
about by the increase in number of syn-
chronized unitary firings.

As mentioned above, our results clearly
show that larger compound action potentials
(the IS) can be obtained from the mature
olfactory cortex than from immature one.
It was microscopically confirmed that this
ontogenetic changes would be ascribed to
the structural ontogenesis of axonal tract
fibers in the first layer or molecular layer
of the olfactory cortex. It was observed
from histological specimens that the num-
ber of myelinated nerve fibers in the LOT
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was about four times as large in mature
animals as in newborn animals. In the
molecular layer of the adult olfactory
tubercle, myelinated nerve fibers were
also found to increase in number. These
anatomical findings clearly support the
results obtained from electrophysiological
experiments.

It was also examined how the conduction
velocity of the IS changes as the develop-
ment goes on, and the results are given in
Fig. 1 D. They show that upon developing,
the conduction velocity of the IS increases
from 4.7 m/s on the average in the prepara-
tion from the Ist postnatal to 3-day-old
guinea pigs to 7.0 m/s in the 5th week, 8.6
m/s in the 9th week and further increases
gradually to reach the stationary level, 11.0
m/s, at around 22nd week. This increase
of conduction veloctity of the IS was shown
to be parallel with the increase in diameter
(0.93 pm in immature and 2.3 ym in mature
animals) and progress of myelination of the
nerve fibers in the LOT.

In conclusion, contrary to the appearance
and behavior of the guinea pig, its olfactory
cortex was found to clearly show the stru-
ctural and electrophysiological ontogenesis
after birth. '
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Acetylcholine bioassay with thin strip of frog rectus
abdominis muscle
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A variety of biological assay method has
- been developed for the quantitative deter-
mination of acetylcholine (ACh) in tissue
extracts and perfusatesD. Among these,
eserine sensitized rectus abdominis muscle
of the frog has been popularly used to
measure ACh ranging from 1pg to 10ng/
ml®, The purpose of this paper is to report
that a thinly dissected rectus abdominal
muscle of the frog (c.a. 0.4x0.4x10 mm),
suspended in an eserinized Ringer in a
microbath® of 0.2 ml capacity, was proved
to be sensitive to ACh over a range of 10
ng~10 pg/ml.

The frog, Rana nigromaculata, was de-
capitated and pithed. The rectus abdominis
muscle was dissected out with its fascia and
then pinned with the ventral side up on a
cork board covered with filter paper. Then,
it was longitudinally cut (c.a. 0.4x 20 mm)
with a scalpel under a dissection micros-
cope. The strip was further trimmed from
the dorsal surface to make the ventro-
dorsal thickness to be roughly 0.4 mm. The
muscle piece was tied with fine threads at
two points separate by 10 mm and dissected
out. Then it was mounted in Whittaker’s
microbath of 0.2 ml capacity and sensitized
at least for 1h with Ringer containing
eserine sulfate (10 pg/ml), (eserine-Ringer,
ER) (Fig. 1a). Tension developed by the
muscle piece was recorded via an UL-type
strain gauge and an 8 Sl1-8 rectigraph pen-
recorder (Shinko Tsushin Co. and Sanei
Sokki Co., respectively). Amplification was
adjusted so as to give about 2mm deflec-
tion of pen writer for a tension change of
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10~20 mg. The experiments were carried
out at a room temperature of 18~29°C
through spring and summer (April to Au-
gust).

Before obtaining the dose-response curve,
sensitivity of the preparation was tested.
An aliquot of 0.2 ml of test ACh solutions
with varied concentrations was put into the
microbath and allowed to act upon the
preparation for 0.5 to 1 min. The threshold
concentration for muscle contraction was
ranged from 10ng to 10 pg/ml. After a
single contraction was obtained in response
to a certain amount of ACh, the responses
were measured by progressing or regress-
ing the concentration of ACh by the factor
of 2. In Fig. 1c are shown responses of a
typical preparation to ACh ranging from
0.1~0.8 ng/ml. They give a linear relation
when plotted against log concentration as
abscissa. D-tubocurarine chloride (1 pg/ml)
completely and reversively counteracted the
ACh~induced muscle contracaion.

Fig. 1 ¢ shows an example of bracketting
assay of ACh in an extract of the rat
brain. It was prepared from whole rat
brains with 109 trichloroacetic acid (TCA),
brought to pH4 by shaking with ether®,
and then diluted 100~1,000 times in ER.
When a muscle response of a moderate
strength was obtained by a diluted tissue
extract, trials were made to find a concen-
tration of ACh which was equipotent to
the tissue extract under examination. Then
the bracketting assay of ACh content of
the tissue extract was done by interposing
the extract-induced muscle response bet-
ween those by the known amount of ACh
previously determined. For the identifica-
tion of the contracting principle as ACh,
curare was used to block the extract-

N



induced muscle response. The muscle piece
was kept in contact with d-tubocurarine
(1 zg/ml) for 10 min, and then without wash-
ing the preparation, the tissue extract was
added. There was no muscle response at all
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as shown in Fig. 1c. The specificity of the
muscle response to ACh in the tissue ex-
tract was also tested according to Feld-
berg’s procedure®, An aliquot of the extract
was freed from ACh by adding 1/10 volume
of 1N NaOH, boiling for 1 min and then
neutralizing with 1N HCl. The treated
extract did not cause any significant ten-
sion changes in the muscle strips, a fact
suggesting that the muscle piece specifically
responded to ACh but not to interfering
substances.

The results presented indicate that the
frog rectus abdominal muscle, when thinly
prepared (about 0.4x0.4x10 mm), can be
adapted to Whittaker’s microbath of 0.2 ml
capacity, and that the thin muscle prepara-
tion responds to ACh in a range of 10 ng~
10 pg/ml. The sensitivity shown here is
higher by 1 ~ 2 orders of magnitude than
that reported by previous workers who re-
corded responses of eserine-sensitized whole

N\ _.\ S ‘ ___A\.. -
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Acetylcholine bioassay using a thin rectus abdorﬁinal mﬁscle strip of the frog.

(a) Assembly of apparatuses. Amp, amplifier. Asp, aspirator. B, Whittaker’s microbath. I T,
inlet tube to the bath. m, thin muscle strip. OT, outlet tube to an aspirator. Rec, recorder.
Res, reservoir. T, tension transducer (b) Tension changes of a muscle strip responding
to graded concentration of acetylcholine (ACh). Transcripted records. ACh was added at
dots and allowed to act for 1 min. Then, the muscle preparation was washed with con-
tinuous flow of an eserine-Ringer. C, d-tubocurarine chloride was introduced into the
bath and abolished the effect of 8 x107%° g/mi ACh. W, washing with ER. Records of
relaxation processes were omitted. (¢) Bracketting assay or acetylcholine contained in a
tissue extract. Transcripted records. The standard solution containing 2 x- or 4 x1071
g/ml ACh was added at dots. Tissue extract (E) from rat whole brains was diluted 1,000
times prior to the addition into the microbath. C, d-tubocurarine chloride (1 #g/ml) was
introduced and subpressed the muscle response.
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muscle pieces on smoked paper with an
isotonic lever®. The high sensitivity of our
preparation can be attributed to two fac-
tores : (a) continuous sensitization of muscle
pieces with eserine contained in the wash-
ing solution as well as in test materials ;
(b) usage of a strain gauge which is highly
sensitive to a displacement force as low as
1 mg..

~The micromethod of the frog rectus
abdominis muscle seems to be more reliable
than that with the Japanese medical leech?®
in that the former was not affected by
interferring substances in a tissue extract
whereas the latter was. However, the frog
muscle micromethod has ‘two demerits.
Firstly, it is less sensitive than the leech
method which can determine ACh ranging
from 10 ng to 1 pg/ml®%. Secondly, its sen-
sitivity shows a marked seasonal variation,
in spring the frog preparation responds
well to ACh in a range of 10ng~10pg/
ml. (April-June) but in summer its sensiti-

vity decreases to the concentration as low
as 1 ug/ml (July-August). In contrast to this
for the leech the minimum effective con-
centration of ACh is 1pg/ml throughout
the year. .

The authors thank Prof. K. Iwama for help
regarding the manuscript.
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