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ABSTRACT

The distribution of endogenous peroxidase activity in the lacrimal gland of the rat during
postnatal development was investigated by electron microscope cytochemisiry Peroxidase
activity is first found & hr after birth in only a few acinar cells At this stage, reaction product
fills only localized segments of the scant rough endoplasmic reticulum and of the perinuclear
cisternae. Peroxidase acuvily thus develops asynchronously in a given cell as well as in the
secretory cell populaiion 23 a whale 2 days after birth, all cisternae of the rough endoplasmic
reticulum of a peroxidasce-positive cell contain reaction product, but the majority of the
acinar cells is still negative During the next days, the number of peroxidase-positive cells
and the amount of the rough endoplasmic reticulum increase rapidly. By 15 davs postpar-
turition, all secretory cells are peroxidase-positive. Reaction product is then found in all
cisternae of the rough endoplasmic redculum including the pexinuclear cisternae, 1 smooth
surface vesicles located mainly between the rough endoplasmic reticwlum and the Golgi
stacks, in condensing vacuoles, and in all secretory granules 'I'he Golgi cisternae rarely con-
tain reaction product In total homogenates and in fractions of glandular tissue of adult
rats, peroxidatic and catalatic aclivities are demonstrable. The microsemal fractions and
the postmicrosomal supernalanis were uscd to scparate peroxidase from catalase by precip-
itation with ammonium sulfate, and the following parameters were determined: substrate
(H2Oq) optimum {~ 2.0 X 10™*m), pH-optimum (pH 6 5}, temperature-optimum (42°C),
and the absorption maximum (415 nm before and 425 nm after addition of I1,05) The same
parameters were obtained from lacrimal fluid peroxidase. Both peroxdase from lacrimal
gland and that from lacrimal fluid are almost completely inhibited by 1073y aminotriazole
and arc possibly 1dentical enzymes. Peroxidase is secreted into lacrimal fluid, which does
not contain catalase.

INTRODUCTION

Bactericidal agents occur in the lacrimal fuid and
in saliva of several animal species (1, 2, 3). Myelo-
and lactoperoxidase also form a virucidal system
with halides and hydrogen peroxide {4) and seem
to inhibit certain bacteria under aerobic conditions
(5). Lactoperoxidase has been isclated from bovine
submaxillary and sublingual glands (6) and from

Harderian and lacrimal glands (5). Endogenous
peroxidase has been found by electron microscope
cylochemistry in the submaxallary (7) and parotid
(8) glands of the rat and demonstrated in the sa-
liva (8).

The lacrimal fluid in the rat is secreted mainty
by two glands opening with a common. duct into
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the conjunctival sac, the smaller glandula infra-
orbitalis near the external angle of the eye, and the
larger (~1:0.6:03 cm) glandula orbitalis {or
lacrimalis) externa located anterior to and under
the ear and touching the parotid gland with its
lower margin. The confusing nomenclature of the
orbital glands of rodents and their topographic
anaromy have been darified by Kitel (9). The
two lacrimal glands are compound tubwoacinar
glands. The larger external orbital gland is easier
o handle than the smaller infraorbital gland and
we have therefore restricted our investigations to
this gland.

We have used electron microscope cytochemistry
10 study the distribution of endogenous peroxidase
within the secretory cells of the lacrimal gland and
to determine the dme point at which production
of the enzyme begins. 'This technicque can provide
information on the topographic relation of various
cell compartments during development of the
gland and ecan answer the question whether en-
zyme production starts synchronously or at differ-
ent time points and whether sites of enzyme ac-
tivity occur evenly or localized in the rough
endoplasmic reticulum (er) of a given cell.

In addition, we have separated peroxidase from
catalase in dssue fractions in order to determine
several biochemical parameters of che enzyme
and to compare them with those obtained from
the Tacrimal fluid.

MATERIAL AND METHODS

General

The annmnals used were male Wistar rats, obtaincd
from our own colony or from commercial breeders.
Fetal raws were removed 1 or 3 days before birth under
cther narcosis. The cxternal orbital glands were dis-
sected out under a stereomicroscope in fetal rais, and
. postnatal rats after decapitation or under ether
narcosis 2 and 6 bhr, and 2, 4, 6, 10, 15, 21, and 28
days after birth, as well as m adult rats. Glands from
fetal and postnatal vats were cut under a stereami-
croscope mio srall steips 1o ice-cold fixauve, tssues
from adull rats were also embedded i 7% agar at
40°Ci and cut with a tissuc sectdoner (10) at ~ 40 u.

Cytochemical Melthods

Iixation was carrvied out in ice-cooled paraform-
aldehyde-glutaraldehyde! (11) diluted 1:1 with 0.1

1 Glutaraldehyde 30%%, Biological Grade, was ob-
tained from Fisher Scientific Co, Fair Lawn, N. J.,
and was purified by shaking with charcoal (13);
freshly distilled 25% glutaraldehvde (Schuchardt,
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M cacodylate buffer, pH 7.6, osmolahity® 1000 mos-
mols. Fixation time was 6 hr for marphological and
2 hr for cytochemical studics After fixation, the tissues
were rinsed for 30 min at 4°C in 01 M cacodylate
buffer, pH 7 6, containing 0 22 M sucroze

Iucubation was carried out in the medium of
Graham and Karnovsky (12) at pH 7.6 with 0.019%
31503 and 0059, 3,3’-diaminobenzidme tetrahydro~
chloride (Schuchardt, MMuanchen) for 2 hr at room
temnperature, the incubation medium was replaced by
a fresh one afier 1 hr.

T'or controls, tigsues were incubated in the per-
oxtdagse mediuin without HaQs, or after addition of
1072 3 3-amino-1,2 4-triazole (14, 15). In order to
differentiate the peroxidase reaction against catalase,
an adult rai was injected intracacdially with 4 mi of
beef hver catalase (2 X crystallized, Sigma Chemical
Co, St Lows, Mo ), and another rat with 40 mg of
hovseradish peroxidase (type 1I, Sigma Chemical
Co ). The glands were removed after 90 sec. Catalase
was demonstrated cytochermically mn the medium of
Venkatachalam and Fahimi (15) at pH § 5, peroxi-
dase 10 the medium of Grabham and Karnovsky {12)
al pH 7.6. In both cases 107% m aminocttiazole was
also added to the incubation media for controls.

After incubation the tissues were rinsed, as de-
seribed above, In cacodylate buffer containing su-
crose, postfixed for 1 hr a1 4°Cin 19 OsO in G 1 m
cacodylate buffer, pH 7.6, kept for 1 hr at room tem-
perature in 0.5% uranyl acetate in Veronal-acetate
buffer, pH 3.0 {16), dchydrated in ethanol, and em-
bedded in Fpon 812 (37). Thin sections were cut on
an LKB-Ultrotome 111 with diamond knives, col-
lected un naked grids or grids covered with collodion
and carbon films, and cxamined unstained or stained
with 2%, aqueous uranyl acetate and lead citrate (18)
in a Siemens Elmiskop I at inutial magnifications of
2,000 40,000 For light microscopy, 05 p thick sec-
tons were cut with glass knives and photographed
unstained in a Zeiss Ultraphot 111

Enzyme Assays in Tissue Fraclions

10D adult rats, in groups of five animals, were per-
fused through the heart with 150-200 ml of icc-cold
0.9%, saline. Both external orbital glands were freed
of connective tissue, cut inlo small pieces, and homog-
enized with 0.25 n sucrose containing 1 mu ethylene-
diaminetetraacetate (EDTA) (1:10 w/vol) in a
Potter-Elvehjelun glass homogenizer with a Teflon
pestle for 2 min at a speed of 900 rpm in an ice-
bath, with a stop of 30 ser after the first min, 5 ml
of 0.33 M sucrose containing 1 wmM EDTA were
overlayed with 5 ml of homogenate and centrifuged

GmbH, Munchen) was also used; its exstinction gno-
fient: (£ 235 nm)/(E 280 no) was 0.32.

2 Qsmolality was measured with an electronic os-
mometer, type M, Knauner, Berlin.
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for 20 min at 700 g and 4°C. The supernatant of
the crude nuclear fraction was cenirifuged for 10
min at 5000 g and 4°C to sediment mitochondria.
The supernatant of this crude mitochondrial frac-
tion was then centrifuged for 60 min at 54,000 g in
a Beckman Spinco L 50 centrifuge (rotor 40) 1o give
the microsomal pellet and the postmicrosomal super-
natant A part of these pellets was fixed and embedded
i Epon, either univeated or after incubaiion in the
peroxidase medium as described above.

The micrasomal pellets from two groups of five rats
were pooled for each experiment, resuspended in 1
rl potassium phosphate buffer, pH 7 0, and brought
to a volurne of 15 ml with the same buffer. The post-
nyicrosomal supernatants of two groups of five rats
were also pooled and had a volume of ~30 ml. Aw-
monium sulfate was added in solid form to the resus-
pended microsomal pellets and the postmicrosomal
supernatants and stirred for 20 min. The concentra-
tlon was raised to 10, 50, 60, 70, 80, and 909, satura-
tion, and the pH was kept at 7.0 with 0 1% (NH,)
OH. After centrifugation for 15 min at 5000 rpm the
precipitates were washed twice with ammonium sul-
fate of the respective saturation, dissclved in 0.1 M
potassium phosphate buffer, pIT 7.0, containing 1
mum EDTA, and dialyred for 12 hr ac 4°C against
0.025 M potassium phosphate buffer, pH 7.0, con-
taining 1 mym EDTA. Protcin was defermined in the
various ammonium sulfate fractions according to
Lowry et al. (19) with bovine serum albumin as
standard. Catalase actvity was dctermined afier
Bergmeyer (20) by measuring the rate of H203 de-
composition at 240 nm and 25°C in a ZLeiss PMQ I
spectrophotomneter. Peroxidase activity was measured
with the guaiacol test (21) In an Eppendoerf pho-
tometcr.:(Eppcndorf Geriitebau, [Tamburg) at 436 nm
and 25°C.

Fractions obtained at 70-90Y, ammonium sulfate
saturation contained peroxidase, but no catalasc;
they were used to determine substrate (HoOs) de-
pendence, pH optimum, temperature dependence,

and inhibition by aminotriazole of the orbital gland
peroxidase.

In addition, endegenous peroxidase was measured
with the pyrogallol test {22) in the total homogenate
(obtained from the pooled glands of four to seven rats
in two different cxperiments), the crude nuclear,
mitochondrial, and micresomal fractions, and in the
postmicrosomal supernatane. This test does not re-
quire a separation of peroxidase from catalase, but
is less exact and does not permit the determimation
of enzyme activity in international anits.

Enzyme Assays wn Lacrimal Fluid

Secretion of lacrimal fluid was stimulated by intra-
periioneal Injection of 2 mg pilocarpive. 4-5 min
after injection the lacrimal sacs of groups of three to
five rats were rinsed with (.1 x phosphate buffer,
pH 7.6, and the Huid way collected with a Pasteur
pipetite. The pooled fluids were filtered through a
Millipore filter (Millipore Cerporation, Bedford,
Mass) {pore size 0.2 ) after centrifugaton and
monitored for the absence of cells. Catalase and
peroxidase activities were then determined photo-
metrically as described above, and the protein con-
tent of the lacrimal fluid was measured for each ex-
periment.

Substrate (Hy03) dependence, pH optimum, tem-
perature dependence, and inhibition by aminotriazole
of the peroxidase in the lacrimal fuid were deter-
mined and comparcd with the same parameters ob-
tained frony the microsomal fractions and the
postmicrosomal supernatants.

RESULTS
General

The secrctory acini of the adult external orbital
gland are composed of a single layer of six to eight

pyramid-shaped cells (Fig. 1) The cells are 16-12

Fraurzs 1 and 4-10 are electron micrographs of secretory acinar cells of the glandula orbitalis externa
of the rat. All tissunes were staincd in block in buffered uranyl acetate. Figs. 4, 6, 8, 10, and 13 were {aken
from unstained sections, Fig. 11 from a section doubly stained with aquecus uranyl avetate and lead, all
athers from sections stained with lead alone. Figs. 2 and 8 are light micrographs taken from nnstained,

0.5 p thick sections of tissue embedded in Fpon.

Freure 1 Part of a secretory acinus, 10 days after birth. Tissue fixed in paraformaldehyde-gtutaralde-
hyde and osminm tetroxide. The nucleus (») is located in the basal part of the pyramid-shaped cell and
is surrounded by cisternae of the rough endoplasmic reticulum. (er) which are scarce at this stage. The
Golgi apparatus (6) lies above the nucleus. Secretory granules (sg1) fill the apicsl part of the cell. Micro-
villi {mw) project into the lumen (). The ccll Lo the right coniains larger granules {(sg2) with a content
of lower opacity. A myoepithelial cell (me) is Interposed between the basement wembrane () and two

acinar cells. X 12,000.
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Fisure 2 Unstained section from peroxidase-incu-
bated tissue of an adult rat, demonstrating the depth
of penctration of the iucubation medium into the tissue
block. Dark-brown reaction product is found in the
outer zone (~20 g thick) of the hlock, but not in the
nuclei and the interacinar spaces. No reaction product
is visible in the central part of the block. X 300.

& high, measurc 8-10 x at their bases and taper
towards the lumen to 2 width of 2-4 g4, Microvilli
praject into the lumen. The membranes of adjacent
cells form junctonal compleges (23) near the
lumen, usually run parallel in the apical part and
interdigitate in the basal half of the cell. A loosely
textured basemeni membrane, ~60 nm thick,
surrounds the acinus, myoepithelial cells are inter-
spersed between basement membrane and secre-
tory cells. The round nucleus is located in the ha-
sal part of the cell. The apical portion of the ccll
is filled with two types of secrctory granules: a
larger one (diameter [.2-1.5 n) with pardally
disrupted membranes and granular contents of
little density, and a smaller one (diameier ~
08 x) with denser, homogenous content. About
509%, of the cells of an acinus contain only large
granules, 509 only small granules. Rarely, a cell
will contain beth types together. The rough cr
surrounds the nucleus and extends upwards into
the close vicinity of the Galgi apparatus which is
built up of four to six membrane stacks. The cis-
ternae of the er and of the Golgi stacks contain
loosely textured material Before birth and until 2

Figure 8 Unstained section of an acinar cell from
peraxidase-incubated tissue, 4 days after birth. Brown
reaction product is visihle in the strands of the er, in-
cluding the perinuclear cisterna (pe) and in the secretory
granules (sg) filling the apeal pole X 33060,

days after birth, the sccretory cells contain few
profiles of the er and abundant unattached ribo-
somes. The Golgi apparatus is fully developed, but
secretory granules are scarce or absent.

Cytochemistry

After 2 hr of incubaticn the peroxidase reaction
is positive in a zone extenching ~20 u into the tissuc
from the surface in adult rats (Fig. 2), while regions
deeper in the tissue do not react In fetal or voung
rats the reaction zone is broader because of the
lopser texture of the interstitial tissue. Care was,
nevertheless, iaken to incubate slices not thicker
than 40 g

In the light microscope the ex is visible in perox-
idase-positive cells as faint, light-hrown strands up
to 15th day of life (Fig. 3); later the reaction in the
cytoplasm appears diffuse, because the cisiernae of
the er are packed more tightly.

Frounss 4-6  Cross-sections through developing acinar cells at the level of the nuclei. Tissues incubated
for peroxidase activity Fig 4 Dllustrates that 2 days after birlth the majority of the acinar cells are peroxi-
dase-negative. In the two peroxidase-positive cells reaction product lies in the scant cisternac of the cr
and in the perinuclear cisternae. Fig. 5 shows that 4 days after birth the situation is reversed; cells ¢1
and cz are peroxidase negative while all others are reactive. Fig. 6 demonstrates that 10 days after birth
all the cclls are reactive. The clements ol the er sre packed more tightly. Fig. 4, X 6700; Fig. §, X 5500;

Fig. B, X 5500.
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Before birth the peroxidase reaction is negative;
it becomes first positive 6 hr after birth in 2 few
scattered cells in different acini 2 days afler birth,
the majority of the cells (75-80%) is still negative
{Fig. 4), whereas at 4 days the situation is reversed;

~809, of the cells are positive (Fig. 5); the nom-
ber of peroxidase-positive cells increases rapidiy
alter thig timme point (Fig. 6); at 15 days, 1 day
after the lids have opened, all secrctory cells arc
reactive. Peroxidase reaction product is then found

Fiavre ¥ Cross-section through an acinar cell 6 lir after birth. Tissue reacted for peroxidase activity.
Reaction product fills most of the scant er cislernae and of the perinuclear cisterna, bul scgments of both
structures betiveen arrows marked er and pe, are devoid of reaction product. X 22,000.
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in the cisternae of the er including the perinucfear
cisterna, in small smooth vesicles between the er
and the Golgi stacks, in condensing vacuoles, and
in all secretory granules of both types. The smaller
granules appear denser than the larger ones afler
the reaction, but this does not Imply that they con-
tain more reaction product because their density is
already greater mm unreacted tissue. The Golgi
cisternae contain less reaction product than the
other structures, or none at all.

In acinar cells & hir after birth, reaction product

is present in the cisternae of the scant er and in the
perinuclear cisterna but does not fill these spaces
completely: segments of the perinuclear cisterna
up to 5 y long and of the er cisternae are devoid of
reaction product, yet are continuous with perox-
idasc-positive parts of the same structures (Figs. 7,
8 a, 8 B). The cisternae of the Golgi stacks rarely
contain reaction product atv this time point

Smooth-surfaced vesicles with a diameter of 5070
nm, located between smooth transitional elements
of the er and the Golgi stacks (Fig. 9), parily con-

Fiaures 8 @ and & Swall fields from two acinar cells 6 hr after birth. Tissue reacted for peroxidase ac-
tivity. Segments of the cisternae of the rough er (between arrows marked er) and of the perinumclear
cisterna (arrow pe) are devoid of reaction product Fig. 8 a, X 45,000; Fig. 8 b, > 33,000.
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Freure 4  Golgt apparatus of an acinar cell 8 hr after birth. Tissue reacted for pervxidase activity.
Elements of the rough er contalning reaction product surround or are interposed between the stacks of
the Golgi cisternse. Smooth-walled vesicles (s2) lie between smooth, transitional er elements {fe) and the
Golgi stacks. A part of these vesicles which seem to bud off from the transitional elements (arrows) is
peroxidase-positive. At the concave fuce of the Golgi apparalus some condensing vacuoles (c2) of varying
diameter and a Golgi cisterna (crossed arrow) conlain reaetion product, bub the majority of the Golgi
cisternae are peroxidase-negative. X 43,000.
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tain reaction product, but some appear peroxidase-
negative. Few condensing vacuoles containing
reaction product arc present.

2-4 days after hirth the profiles of the rough er
of a given cell are still scant, hut the reaction prod-
uct now fills all cisternae uniformly, including the
perinuclear cisterna. Condensing vacuoles are
filled with loosely textured reaction product, but
the Golgi cisternae are either devoicl of it or hear

only anarrow rimof italong the inner face of their
menibranes. 6-10 days after birth the profiles of the
er within a cell have increased considerably; all
cistcrnae contain reaction product

Afeer the lids have opened, usually 15 days after
birth (24}, the profiles of the er are arranged in
parallel stacks and are densely packed {Tig 10)
with an average distance of 0 15-0 2 4. all contain
reaction product (Fig [1). At later ume points,

Fieurs 10 Acinar cells 15 days after birth. Tissue reacted for peroxidase activity. All elements of the '
rough er, mostly in parallel arrangement, conlain reaciion product which is alse present in small vesicles
and in eondensing vacuoles (o) near the Golgl apparatus (@) Two types of seeretory granules are present:
smaller granules (sg;) in the apical part of the cell in the widdle, and larger granules (sgz) in the two
other cells. Both granule types contain peroxidase reaction product. X 12,500,
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Frauru 11 Small field of the rough er 15 days after birth. Tissue rescted for peroxidase activity. Reac-
tion product within the cisternae is not homogeneous but sppears to consist of small globules. Some of the
membrane-bound rihosomes (hetween arrows) appear te he more eleciron-opagne than other
(mmattached?) ribosomes. X 185,000,

Tasie 1
Average Number of Profiles of er between Cell
Membrane and Nucleus i Cross-Sections of Cells
Far each time point 20 cells were counted.

Average Average das-
Age number of  tance between
profiles of er  profiles of er
"
1 day before birth 1 —
1 % after “ 1 —
2 days “« 2 0.6-0 7
4 0« “ “ 2 0.6-0.7
6 £<y [t 14 4: 0 .4.
10 & « 44 6_7 0 . ].8
15 24 « 23 Q ) 0.16
28 “ « 15-20 015
Adult rat 20-30 012

21 and 28 days after birth, and in the adult rat,
the er profiles increase further Table I shows the
increase in the er profiles and the decrease in the
distance between them, with increasing age. In the

072

adult rat only, a few large (~1.5 g) pleomorphic
granules of varying density and sometimes con-
taining small vacuoles are found near the cell base
or in the vicinity of the Golgi apparatus (Fig. 12).
Their density does not increase after incubation
for peroxidase activity. In unstained light micro-
scope preparations, they have a yellow-brownish
color.

Morphology of Tissue Fractions

Both the nuclear and mitochondrial fractions
were rather crude. The nuclear fraction contained
collagen f{ibers, basement membranc material,
laxge mitochondria, and secretory granules. The
mitochondrial fraction was contaminated by larse
microsomes and contained many secretory gran-
ules. The microsomal fraction (Fig. 13 a) was free
of mitochondria and secretory granules but con-
tained some smooth-walled vesicles in addition to
rough microsomes. After incubation for peroxidase
activity, reaction product was found within many
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Ficure 12  Basal part of an acinar ecll from an adull rat. Tissue reacted lor peroxidase aclivily Reaction
product is present in the parallel cisternae of the er and in some smooth vesicles (s2) near the Golgi cis-
ternae (&) wluch contain no reaction product. Four pleomorphic dense granules (pg) resemble wear and
Lear pigment granules. X 20,000.

rough microsomes (Fig. 13 5), but some were de-
void of it.

Peroxidase Assay in Trssue Fraciions with
the Pyrogallol Test

The erude fractions were used to compare their
protein and peroxidase content (measured in pur-
purogallin units) with those of the total homoge-
nate. Table II gives the values of two experiments
and shows that the highest values are found in the
postmicrosomal supernatant

Separation of Peroxidase from Catalase by
Precipitation with dmmonium Sulfaic

The peroxidese assay (21) suffers from inter-
ference Dby caialase. Therefore, peroxidase was

salted out by ammonium sulfate. Catalase pre-
cipitates at 40-60% ammonium sulfate saturation,
while peroxidase precipitates at 70-909; satura-
tion.? In a typical experiment on a pooled micro-
sumal fraction the maximal specific activity of
catalasc was 3 units/mg protein at 4097 saturation,
and that of peroxidase 0.6 units /g protein at 70%,
saturation (Fig. 14).

No catalatic activity was found in lacrimal fluid
which contained 1.5~1 6 mg protein,/ml of fluid in
a typical experiment. Therefore, ammonium sul-

3 Both, the microsomal fraction and the postmicro-
somal supernatant have about equal specific activities
(0.6-1.0 wunit/mg protein) of peroxidase. In Iater
expetiments, hoth fractions were pooled, or the total
postnutochondrial supernatants were used, for rhe
separation of peroxidase.
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Frgures 18 o and b_)Microsomal fractions of glandular tissue not reacted (Fig. 13 o) or reacted (Fig.
18 b) for peroxidase activity. In Fig. 18 b most of the rough microsomes eontain reaction product
{arrows). Figs. 18 ¢ and b, X 47,000.

fate precipitation was unnecessary Lhe protein
content of the pooled rinsing fluids was determined
for each spectrophotometric measurcment of en-
zyme activities. The specific activity of peroxidasc
was 3.5-6.4 units/mg protein. This value was
6-11-fold higher than that found in the micro-

somal fraction

Enayme dssays in Microsomal Fractions, in
Postmicrosomal Supernalants, and in
Lacrimal Fluid

DETHERMINATION OF
(H202) OPTIMUM:

THE SUBSTRATE

The rate of the peroxidase

674

reaction, measured with the guaiacollest, rises with
increasing concentrations of HyO, and reaches a
maximum at 2 HyOe-concentration of 1.5 to 23
10~* m. Further increasc In the HoOy-concentraiion
reduces the rate of the reaction (Fig 15)
DETERMINATION OF THE PH opriMum:
The ratc of the reaction measured with optimal
H,O;-concentration (2 § X 1071 m) at different pH
values reaches a maximum at pH 6.5% (Fig. 16).

* The cytochemical peroxidase reaction was carricd
out at pi 7.6, because at pH 6.5 a reaction is ob-
served in mitochondria which is not due to endoge-
nous peroxidase (25).
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Tasre 11

Protein Content and Peroxidase Act

wity m Tissue Fractions

DProtein Peroxidase
mgfg ?Z:Slﬁ; Tolal actoniy
o - =, o
gland tissue ‘e (u*/mg (W gland e
trasiie}
prowein)
Total homogenase 103 106 0.935 96.4 100
104 100 0.822 85 5 100
Crude nuclear {raction 23 22.3 0.75 17.3 17.0
1 10.0 0.55 5.9 6.9
Crude mitochondrial fraction 20 19.4 1.07 21 .4 22.2
2% 22.1 0.87 20.0 23.4
Microsomal fraction 10 9.7 .42 4.2 4.3
8 7.7 0.30 2.4 28
Postmiecrosomal supernatant 41 39.9 0.99 40.5 42.5
45 43.2 0.95 43 2 500
Recovery 41 3 86.9
83.0 43.1

Values are given for two experiments
* 1 purpurogallin unit = 1 mg purpurogallin

Fi ‘urt'? Uimg protein
calniass | peroxdase
310
A
N PN
\ P
\ FE
2104 \ loo
\ ;1 \\
, ] \
\\ l’ ‘\
N ! y
+(2 * ) \
oz \ o/ N
N\
by ~
.
i
I} °
L L 1 1
50 70 90%
(NH4)2504

Fiourr 14 Secparution of peroxidase {-—) from cata-
lase (——) by precipitation with ammoenium sulfate in
a pooled microsomal fraction. Catalase precipitates at
40-6097, peroxidase at 70-90 saturation with ammo-

nium sulfate

DEPLNDENGE OF EKZYME AGTIVITY OK
PROTEIN CONOENTRATION Atoptmal HoOx-
concentration and optunal pH, the rate of the reac-
tion (measured in AE /min} is linearly proportional

to the amount of protein (Fig. 17).

V. Herzoe sxp F. Mituar Local

formed in 20 sec at 20°C

DETERMINATION OF THE TEMPERATURE
opTiMuM The rate of the reaction at optimal
HyOs-concentration and optimal pH reaches a
maximum at 42°C No enzyme activity was found
above 60°C (g 18).

INHIBITION BY AMINOTRIAZOLL:
ing concentradons of aminoinazole decrease the
rate of the reaction. The inhibition begins at a
voncentrabon of 107% & and is almost complete at

Increas-

10~* M aminotriazole (Fig 19).

Spectrapholometric Measurements

Pcroxidase scparated by ammonium  sulfate
precipitation from the microsomal fraction and the
postmicrosomal supernatant and peroxidase in
lacrimal fluid both have an absorption maximum
at 415 nm which is shifted by 10 nm to 425 nm
upen addition of 5 mum H,0Q, (g 20).

Iutracardial Injection of Horseradish
Peroxidase and Beef Liver Catolase

90 sec after injection of either enzyme, reaction
product is found, after incubation in the appropri-
ate media, in the capillaries and larger blood ves-
sels. The endogenous peroxidase in secretory cells
also reacts positively in both cases. After incubation
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FreurEes 15-20 Some poarameters of the peroxidase in microsomal and postmicrosomal fractions of the

external orbital gland and in the lacrimal Haid.

Frgure (5 Substrate optimum determined in the pooled postmicrosomal supernatant (——) after
separation of peroxidase at 706, ammonium sulfate saturation and in the lacrimal fluid (--). The rate of
the peroxidase reaction reaches a magimum at 15 X 1071 ar T120; (laerimal fluid) or 2.8 X 104w HyOy
(postmicrosomal supernatant). At higher HaOg concentrations the reaction is inhibited.

Trcure 16 The pH optimum of the peroxidase from lacrimal fluid {—) and from pocled microsomnal

fractions and postmicrosomal supernatants (

in the presence of 1072 y aminotriazole, the endog-
enous peroxidase activity of the secretory cells is
completely abolished; exogenous horseradish per-
oxidase activity persists, while exogenous beef liver
catalase activity is greatly reduced; the pseudo-
peroxidatic activity of erythrocytes persisis in both
CaSes.

DISCUSKRION
General

The results show that a peroxidasc is produced
by the acinar cells of the glandula orbitalis externa
of the rat, and is secreted in to the lacrimal fluid.
The production begins ~6 hr after birth, hut is
synchronized neither within the cells composing
an acinus nor within a single acinar cell. The bio-
chemical parameters of the peroxidase found in
microsomal and postmicrosomal fractions and in
lacrimal fluid are qualitatively identical.

Localization of Peroxidase in
Cell Compartmenis

The intracellular localization of endogenous
peroxidases has been jnvestigated in several cell
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} is at pH 6.5.

systems In eosinophil promyelocytes of rat and
rabbit (26, 27), and in ncutrophil promyelocytes
of cat (28, 29) and man (30), the entire er and the
Golgl apparatus function in the segregation and
condensation of endogenous peroxidase. In the
parotid gland of the rat (8) few Golgi cisternae con-
tain reaction product; peroxidase seems to be shut-
ted direcily from the er via small smooth vesicles
into condensing vacucles, in this gland the path-
ways of trangport of peroxidase are similar to those
found for other proteins in the exocrine pancreas
of the guinea pig (31, 32, 33). In the submaxillary
gland of the rat, the Golgi cisternac are peroxidase
negative (7). The situation as to the functional
coupling between the compartments of the er, the
Colgl apparatus, and the condensing vacuoles in
the glandula orbitalis externa is the same as in the
parotid gland: the Golgi cisternae rarely contain
reaction product; if reaction product is present,
it is always found in lesser amounts than it is in
cither the cisternac of the er or the condensing
vacuoles and the secretory granules. In the external
orbital gland of adult rats, Essner (34) also found
reaction product only in one or two Golgi cis-
ternac. Moreover, not all smooth-surfaced vesicles
that are situated between smooth-surfaced parts of
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Fiaurz 17 Dependence of peroxidase activity on prolein concentralion determined in the lacrimal
fluid (~-} and in the pooled postmicrosomal supernatants (——) after separation of peroxidase at 80—~
9557, ammeonium sulfate saturation. Enzymwe activity is lineaxly proportional to protein concentration.

Freuvre 18

The temaperature optimaum of the peroxidase in lacrimal fluid (—} and the pooled miero-

somal fraclions and postmicrosomal supernatants (~—-) is at 42°C.

Irevre 19 Inhibition of peroxidase by aminotriazole in lacrimal fluid () and the pooled postasicro-

somal supernaiants (

Y is almost complete at 10—% 3t aminotriazole.

Ficurn 20 Absorption spectra of lacrimal fluid before (——) and after (~--) addition of & v Hg0O4.

the er (transitional elements [31]} and the Golgi
stacks and thar somenmes communicate with one
or the other system are peroxidase positive

The functional mignificance of the existence of
two types of secreiory granules is not clear. Scott
and Pease (35) described two types of granules in
the lacrimal gland a light tvpe resembling the
mucous granules of the sublingual gland and sup-
pusedly arising from the Golgi apparatus, and a

Y. Herzoa anp F. Mruer ILecalizetion of Bndogenows Peroxidase tn Lacrimol Gland

dark type resembling zvmogen granules and with-
out apparent connection to the Golgi apparatus.
Due to different techuigues, a comparison of these
early findings with the present study is not possible.
Essner (34) also described two types of secretory
granules, the larger one of which, contrary to our
findings, was peroxidase negative, presumably due
ta had preservation, and he discussed their possible
significance. The pleomorphic dense granules that
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occur only in the adult rat near the cell base were
also seen by Essner (34) who believed them to con-
tain partly peroxidase and partly acid phos-
phatase. On the basis of their morphology and
color in unstained sections, they scem to belong to
wear and tear pigment granules.

Localization of Perozidase in
Postnatal Development

Before birth the acinar cells are invariably per-
oxidase negative. Reaction product is first demon-
strable 6 hr after birth in localized areas of the er
cisternae and the perinuclear cisierna in a few
cells. Synthesis of peroxidase and its vectorial
transport into the cisternae of the er begins, there-
fure, in circumscript areas of a given cell. The same
situation was observed in early neatrophil promye-
locytes of man (3) At later time points, the entire
cisternal spaces of the er contain reaction product
and the number of peroxidase-positive cells in-
creases rapidly; but it cannot be decided, at the
moment, whether the initial sites of peroxidase
production remain localized or spread out over
wider segments of the er. In the first case, the
lilling of the entire er cisternae would indicate
diffusion of reaction product from localized pro-
duction sites, in the second. case, onc would have ta
assume that the entire rough er operates in the
production of peroxidase. Staining of ribosomes by
the perosidase method has been claimed by several
authors (7, 36, 37), hut we were not able to dis-
dnguish on this basis between ribosomes synthe-
sizing peroxidase and ribosomes inactive in this
respect. The localized peroxidase production in a
given cell after birth contrasts with the develop-
ment of glucose-6-phosphatase production iu rat
hepatocytes; this enzyme is produced simulia-
neously within all of the rough er membranes of a
given cell alrcady 4 days before birth (38) and no
regional differentiation within the rough er with
respect to this enzyme seems to exist (39)

Differentiation between Catalatic and
Peroxidatic Activity in Glandular Tissue

The cytochemical reaction with diamincben-
zidine is not specific for peroxidase Reactian prod-
uct, presumably due to cytochromes, is found on
the cristae mitochondriales at lower pll and re-
duced H,O» concentration of the incubation me-
dium (25). Catalase is preferentially stained in
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peroxisomes when pH and concenirations of H,O,
and diaminobenzidine are raised (14, 15).

Both exogenous calalase and glandular peroxi-
dase are inhibited by aminotriazole, whercas exog-
enous horseradish pevoxidase and the pseudo
peroxidatic actvity of hemoglobin persist after
incubation in the presence of aminotriazole. There-
fore, catalase could not be distinguished from
endogenous glandular peroxidase cytochemically.
By fractionated precipitation with ammanium sul-
fate, peroxidase could be separated from catalase
in glandular tissue fractions The presence of
catalase in tissue homogenates remains uncx-
plained and mneeds further investigation; it might
be due to the presence of erythrocytes and leuko-
cyles which contain catalase (40) Since peroxidase
is also found in the postmicrosomal supernatant,
we assume that the enzyme leaks out due to discup-
tion of the er upon homogenization

Identity of Perowidase in Glandular Tissue
and Lacrimal Fluid

Catalase is not present in the lacrimal fluid. The
peroxidase in tissue fractions and in the lacrimal
Auid is identical with respect to substrate-, pH-,
temperature-optivaum, and inhibitien by amino-
triazole. The absorption maximum of the perox-
idase in the tissue and in the lacrimal fuid is at
415 nm and is shifted to 425 nm upon addition of
H;O,. Similar results were described in saliva. In
homogenates of bovine lacrimal (3) and salivary
(6) glands a peroxidase was found which had the
immunological characteristics of bovine lactoper-
oxidase (5, 6). Lactoperoxidase has an absorption
maximom at 415 nm which is shifted to 430 nm
upon additton of Hy O (41). Therefore, it is evident
that peroxidase is secreted by the glandula orbitalis
externa of the rat mto the lacrimal fluid; whether
the enzyme is a lactoperoxidase requires further
investigations.
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