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I. IKTRODUCTION

A knowledge of the nermal histological and eytological picture of an
organ, with its normal variations, is an essential prerequisite for the
recognition of any pathological deviation from the normals ﬁith‘this'in
mind, eytological and histochemical observations were made with the hope
of establishing a definite microscopic pleture of the normal bovins
liver under the conditions of this investigations. Histochemical and
cytological studies were also concurrently made of so-called saﬁdu&bl
and telangiectatic bovine livers.

The writer has previously indicated (etty, 1945) that the meat-
packing industry hgs sustained a heavy monetary loss for years due to
the condemnastion, under federal inspection, of bovine livers affected
with telangiectasisg and the se;calléé sawdust condition. Since the
bovine liver has materially increased in monstary value and nutritional
significance in recent years, il seemed advisable to first establish a
definite normal microscopic picture of this organs The establishment of
such & ploturs may in turn facilitate furthaé regearch and invsétigation
pertaining to this organes

During the course of this investization, approximeately 5,000 see~

tions taken from 69 bovine livers, were examined both macroscopically and

lferm a?plied by the Meat In#peetien Serviece of the Ue3. Department
of Agriculturs to bovine livers exhibiting a focal hepatitis.

gﬂereaftsr referred to as telang.
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microscopically. A complete history of the arimals from which the materisl
was taken was awvailable and ths writer personally collected all samples.
The disposition of the carcass, the diet, the age, time of last feeding
and watering were all known. The acid and alkaline phosphatass activity,
the qg@l\pxg&nellag; glycogen deposition and fat deposition were routinely
studied, Since numerous investigators, Pappenheimer (1916), Bolt (1924),
Seecof (1928), Cowdry (1926), Duthie (1935), Dalton (1941-42), and

Steffens (1941), have demonstrated that mitochondrial and Golgi changes
are often the most sonsitive and earliest indieations micraacopic#lly of
collular changes and damage, it was deemed advisable to study in detail

the cell organelles. The phosphatases were also studied since alkaline
and acid phosphatase have been observed to vary under various physiological
and pathological conditionsi Gomori (1541a 1941b), Greenstein‘et ale
(1941-42<43+44-46), White ot al. (1941«42), Kabat (1941), Wachstein (1945)

and Sulkin (1948).



11, REVIBY OF LITHRATURE

A+ Fhosphatase

Bver since the demonstration of phosphatase activity in living
tissue by Grosser and Husler (1812), there has been considerable interest
in the enzymes capable of hydrolyzing phosphoric esters. Plimmer (19513)
and Robinson (1923) described experiments in which ground-up tissues or
tissue extracts were shown to have had differing hydrolytic activity
towards glycerophosphate or other phosphoric esters. Kay (1928)
studied the quantitative distribution of the phosphatages in mammalian
tissues analyzing those of the rabbit, cat and man. MacFarlane (1934)
also studied the phosphatase activity of animsl tissues. Davies (1934)
first observed the presence of a phosphatase having an optimum pH of 4
te 5 in the human liver and spleen. Xutscher and co-workers (1935a,
1935b, 1936c¢) have shown that urine contains a similar phosphatase.
Armstrong and Banting (1935) observed that removal of the viscera did not
affect the serum phosphatase level and concluded that most of the serum
phosphatase comes from bone. A. Bodansky (1937) studied the non-osseous
origins of serum phosphatase and O. Bodansky (1937) showed that the
rhosphatases of bone, kidney, intestine, and serum differed.

However, it was Gomori (1939) who opemed a new era in enzymatio
histochemistry with his microtechnlieal demonatration of phosphatase in

tissue sections. Simultaneously but independently Takematsu (1939) also



published a similar method for the demonstration of phosphatase in
microgcopic sections. Both methods were devised on the basis that
phosphatase is well preserved by alcohol fixation, (Martland and Robine
son 1529). Since Gomori's original publication there has been an
inersasing interest in the phosphatase problem as evidenced by the
papers published in recent years.

Gomoril (1941) studied the distribution of alkaline phosphatase in
normal organs and tissues and found that the liver presents a different
pleture in different species. The liver was practically negative in the
guinea plg, ground hog and rat execept for wvariable staining of the
adventitia of the branches of the hepatic artery. The sinusoidal walls
were positivs, though not uniformly so, in man, the dog, the rabbit and
the gopher. The liver cells were also positive in the same species,
although the degree and extent were extremely wvariable. Usually the
darkest staining was observed either around the central veins or in the
periphery of the lobule, or in both places, leaving an intermediate area
of the lobule paler. The bile capillaries were sharply outlined in black,
espeeially in the rabbit, less so in man and in the doge The bile capile
laries were especially predominant near the periphery of the lobules.

In practically all species, the epithelium of the bile ducts was positive.

Kabat (1941) examined adult human, chicken and mouse livers and
found a conspicupus phosphatase reaction in the endothelium of the
sinusoids and other vessels. The bile ducts and liver cells contained ne
phosphatase or only traces. Greenstein (1941-42) determined chemically

the acid and alkaline phosphatasge activity in tumors, normal tissues and



tissues of tumor bearing rats and mice. In the normal mouse liver and

in the transplanted hepatic tumor, acid activity was much greater than
alkaline, In fact, in each of the transplanted mouse hepatic tumors, the
alkaline activity was zero or nearly so and was much less than that of
normal mouse liver. Acid activity in each of the mouse tumors was either
egqual to or somewhat greater than thet of normal mouse liver. In
contrast, alksline activity was very much greater than scid in the transe
planted reat hepatic tumor, and both alkeline activity and acid activity
for the tumor were much greater than the corresponding wvalues for normal
rat liver.

Weachstein (1945) studied the influence of dietary deficiencies and
various poisons on the histochemical distribution of phosphatase in the
liver. He noted that merked cytoplasmic changes took placs in the liver
of starved or vprotein depleted animals. The source of ths increased
amount of ssrum phosphatase noted concurrently with a damaged liver was
also discussed. In 1946, the same author reported the distribution of
allmline phosphatase in tissus sections of the livers of human patients
who had died with hepatic diseases, and also the livers of patients who
had succumbed to other illnesses., The livers of the latter were normal
grossly and mieroscoplcallys. The cyteplasm stalned faintly but the
activity was greatest in the chromatin, the nucleoll and the nuclear
menmbrane. A varying degree of phosphatase activity was noted in the walls
of the sinusoids and in the Kupffer cells and in the nuclei of the epithe=-

lium of the bile ductss Conspicuous zsobtivity was frequently noted in the
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gmall arteries and arterioles. Lymphocytes in the portal fields showed
inconstant amounts of phosphatase. The bile capillaries also showed
considerable variation. A varying behavior of phosphatase activity in
bile capillaries was noted in livers showing hepatocellular damage and
biliary obstruction. None of the livers showing extensive necrosis of
the hepatic cells showed an appreciable inerease of alkaline phosphatase
in the remaining undamaged liver cells nor was there an increase in
ensymatic activity in the necrotic cells. In necrotic areas, most of
the sinusoidal walls retained their activity. Infiltrating leukocytes
and lymphooytes showsed a varying degree of activitys Phosphatase
activity was lacking where fat droplets had been present. The liver
cells in various forms of cirrhosis usually showed normal phosphatase
activity, but consideradble activity was seen in proliferating connsctive
tigsues. A different behavior was observed in the staining resaction of
lymphoeytes in blood smears and those in tissue sections. Lymphocytes i?
blood smears were deveid of phesphgtaé@ but in chronic inflammatory foeci,
they showed wvariable activity. The reason for the difference was obscure,

Deane (1947) reported intense enzymatic activity at pH 10.0 to 9.0
in the nuclei, in the bile capillaries, in the cireculating lymphocytes
and in the endothelium of the small arterioles and capillaries in the
portal canal area in the rodent liver, The cytoplasm of the hepatic cells
was also readily demonstrated.

Gomori (1641) reported that the liver contains varying amounts of

acid phosphatase in all species. Often the liver cells at the periphery
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of the lobules were strongly positive, the lining of the bile ducts were
usually negative or faintly positive, and the blile capillaries wers not
as predominant as those seen in sections stained for alkaline phosphatage.

Wolf, Kabat and Newman (1943) studied the distribution of acid phos-
phatase in humen beings and monkeys. They observed that both the nuclei
and cybtoplasn of the hepatic cells were impregmated, the former more
deeply; The nuclel and cytoplasm of the bile duct epithelium were stained
and the cytoplasm and nuclel of the Kupffer cells also stained woll,
Nuclei of connective tissue cells were also impregnated, especially those
in the portal spaces.

Deans (1947) described a slight reaction at pH 5.0 to 4.0 in the
eytoplasm in rat livers and a more intenss resmection in the hepatic cell
nuclei, especially the nueclear chromstin. The most conspicuous reaction
was in the bile capillaries and in the intracellular granules occasionally
adjacent to them., Kupffer cells, and leukocytes, and the cells of the
bile duct exhibited activity in all sites., However, the snzyme was most
active at the periphery of the lobule,

Interesting observations have been made concerning the relationship
between phosphatase and calcification under normal and under a variety of
pathological conditions (Gomori, 1943). White et al., (1941-42) described
an abundance of alkaline phosphatase in a transplantable induced hepatoma
in the rat. Greenstein (1945-46) also described an increase in alkaline
phosphatase activity in primary and transplanted rat hepatomas. However,
Hdwards et al., (1941-42) reported that little or no stainable alkaline

phosphatase was present in transplantable spontaneous hepatomas in the



mouse. Greenstein (1941-42) also found low alkaline phosphatase values in
mouse hepatomas. The authors, cited above, believed that the differensp
in glkaline phosphetase in the hepatomas wasg a species difference. Emmel
(1948) recently verified the general wvalidity of the various methods
employed for fixation and phosphatase demonstration. Dense accumulation
of alkaline and scid phosphatase was demonstrated in the Golgl regions
of some intestinal and other epithelial cells by Deans and Dempsey (1945),
Wislocki and Dempsey (1946) investigated the histochemical reactions of
the placenta of the pig and Stafford et al., (1947) studied the acid and
alkaline phosphatasge in ovarian tissuves of the rat during pregnancy and
lactation.

Using Gomorits technique, Rabinoviteh and Junqueira (1948) demon=-
strated the presencs of "acid" phosphatase in human and animal bone-
marrow smesrs. The granules of the eosinophiles stained intensely,
neutrophile granulses were negdtive. Yo basophiles were found. The
cytoplasm of the red cell series stained poorly but the nuclear structure
was ovident. The mature red blood cells were entirely negative; however,
the nucleus of the red blood cell of the chicken stained intensely.

Sulkin and Gardner (1948) reported phcaphaﬁasa changes in the cyto~-
plasm and nuclei of all hepatic cells during the first 15 days of restora-
tion following partial hepatectomy. Increased alksline phosphatase
activity was noted in the cytoplasm, the nuclei and bile canaliculi during
the first 15 days of restoration. Acid phosphatase activity was also

increassed in the nuclei of the hepatic cells but not in the cytoplasme



Bs Fitochondris

The literature on mitochondria was first completely reviewed by
Duesberg (1911) in a summary which covered about 500 papers up to
October 15, 1911, Another review from this period to July 1923 was
published by Cowdry (1924). Bourne (1942) has summarized the literature,
bringing up to date the various biochemical findings.

"It hae only been within comparatively recent years that the true
characteristice of mitochondria have been revealeds Thurlow (1917) nade
the first quantitative studies on mitochondrias That author found a
constant number of mitochondria per wmit of cytoplasm in normal nerve
cells, This constant differed for nerve cells of different types.

Gatenby (1919) classified mitochondria and the Golgi apparatus as
protoplasmic (living) inclusions; glycogen, fat, yolk, and pigment as
(dead) inclusions. The effect of different hydrogen-ion concentrations

on mitoéhondria in the liver cell was described by Scott (1924). Alter~
ations in number and size were noted when rabbit's liver was incubated in
physiological salt solution with a Heion concentration ranging from pH 4.4
to pH 9.0. Cowdry (1924) stated that mitochondria in the form of granulses,
rods, and filaments could be seen in the living unstained cells. They were
obgerved in organisms ranging from man to protosos, to fungi, but their
existence in baocteria was doubted. Using iiving amcebas, Horning (1926)
made observations on the relation of mitochondria to the process of intra=-
cellular digestions He concluded that the mitochondris brought about the

digestion of the food by their enzymatie actions Ludford (1928) believed
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that synthesis by enzymatic action cccurred at the mitochondrial-
cytoplasmic surface. Horning (1928), continuing his studies on the
behavior of mitochondria within the living cell,observed mitochondria
within the food wvacuoles of living orpanisme and regarded this ag a

direct demonstration of the origin of digestive enzymes from mitochon=
dria.‘ Smith (1931) studied the ontogenetic history of the hepatic
mitochondria of the white rat. It was revealed that feti of the same age
presented the same mitochondrial picture as to number, type and size.
Mitochondrial morphology characteristic of the adult was first observed in
the 14 day young. Dalton (1934) made a similar study of the mitochondria
end Golgi network of the hepatic cells of the chicks In recent years,
considerable effort has been directed towards the funetion of the mito-
chondria of the hepatic ecell; however, a wide variation of opinion still
exists. The relationship betwesn the mitochondria and glucose-glycogen
equilibrium in the liver was studied by Hall and MacKay (1833). Histoio-
gical examinations for glycogen and chemical determinations were made
independently. They found that the quantity of glycogen in histological
preparations compared very favorably with that found by chemical analysis.
The shepe, size, and location of the mitochondria were also studied in
relation to glycogen content by the same two authors. Duthie (1935)
investigated mitochondrial changes in autoplastic liver transplants noting
that they were the most sensitive and earliest indications microscopically
of cellular damage. Using the freezing-drying technique Bensley and Gersh

(1933) were the first to demonstrate the true chemiecal nature of the
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mitochondria in the hepatic cells A year later, Beams and King (1934)
determined the effect of ultracentrifuging on the mitochondria of the hepa-
tic cells of the rat. In ultracentrifuged tissue, the mitochondria were
displaced toward the centrifugal pole of the cell. They still retained
their usual form after beling moved through the cell. Thus it was concluded
that the mitochondria in the rat liver csll wers of a greater specific
gravity than the eytépl&am. Bensley and Hoerr (1934) continued study of cell
struoture by the freezing-drying method. They obtained mitochondria for
chemical analysis by differential centrifugation of an emulsion of guinea
piz livers. Weighted quantities of mitochondria were found teo contain an
 average of 43.6 per cent of fatty substance soluble in hot alcohol, ether,
_and chloroform. The remaining constituent portion was classified as protein.
Bourne (1935) demonstrated vitemin ¢ within the cells of various tissues
noting that a portion of the vitamin ¢ was present in the mitochondria sand
Golzi apparatus. He suggested that mitochondria were composed of an outer
lipoidal cortex which contained vitamin A or cartenoid pigments and a water
core containing vitamin ¢ and glutathione. Thus, the mitochondria were
believed to be ideally composed chemically to form an oxidation-reduction
system which could funetion as respiratory centers of the cell, Xater (1$37)
gtated that there were three possible interpretations advanced for changes in
mitochondrial morphology, namely:
(1) that they represent functional hypertrophy, (2) that they
represent changes in the general metabolic level of the cell, (3)

that they merely indicate definite changes in the ground cytoplasm
in which they are not functionally involved.
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Following a study of the liver-blood fluid exchange and the morphology
of the hepatic cell mitochondria, Kater definitely felt the morphological
changes were eéxpressiong of the water content of the tissue. The effect
of temperature on mitochondria in liver cells of fish was studied by

MacCardle (1937). It was noted that heat rigor and lethal temperature
(37° to 42°) caused the mitochondria to fragment and dissolve. The Golgi
apparatus also became s&ollen and dissolved. Bensley (1937) continued his
chemical analysis of the mitochondria of the puinea pig liver. e be-
lieved That the fat of the mitochondria was not discrete but was dispersed
in an ultramicroscopic forme Since the mitochondria also pave a Millon
reaction in all parts, it was sssumed that the proteins were egually dis-
psrsed. Bensley's analysis suggested that the mitochondrial unit was a
mosalc of protein, glyceride, and cholesterol molecules forming a coacer=-
vate., Thus, any ccndition which might disturb thé equilibrium of this
coacervate, might result in dispersion of its molecular units. The dis-
appearance of mitochondria from cells during fixetion is thought to be in
all probability such a reversal., McCurdy (1939) noted that starvation
tended to produce definite changes in the mitochondrial picture in the
livers of selamsnders. Re«feeding tended to restore the normal mitochon-
drial picture. The author conocluded that a close relation existed be«
tweon the mitochondrial condition end the relative amounts of fat and
glycogen in the cells The shift from elongated mitochondria to granular
paralleled the decrease in amount of fat and glycogen in the cells The

ghift in the opposite direction paralleled the increase in amount of
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these same components. Steffens (1941) in an experimental study of the
mitochondria in the hepatic cells of the white rat also found that during
gtarvation, the mitochondria of the liver tend to enspherulate. Feeding
restored the {ilamentous character of the mitochondria. 8teffens

believed that the rhythmic activity of the liver was dependent upon the
feeding regimen and was not correlated with time of day as suggested by
Forsgren (1935)s Deane (1942) made a study of the hepatic-cell mito-
_chondriavin the fatty liver produced by & highesugar diet. The mito-
chondria in the cells of the peripheral and middle zones of the lobule
beceme shortened and often swollen and vesiculated, while those in the
central zone remained filamentous. Fat was initially deposited centrally
and yet the swelling of the mitochondria began in the peripheral zone and
proceeded centrally. The mitochondria were also enspherulated after
starvation, especially in the peripheral zone. The mitochondria remained
enspherulated and at times vesiculated when the high sugar diet was continued
for a wesk. However, the mitochondris rebturned to their usual diameter
when the diet was continued for more than two weeks. This observation was
interpreted as an indication that the liver had become adjusted to the
unbalanced diet. Deane concluded that there was no direct relationship
between the mitochondria and the deposited fat, Two years later, Deane
(1944) made s very complete cytolegical study of the diurnal cycle of

the liver of the mouse in relation to storage and secrstion. Delfinite
zonation within the lobule was observed, The mitochondria were longer

and shorter, the Golgl substance heavier, bile secretion greater, glycogen

deposition greater, and fat deposition less marked at the periphery of
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the lobule than centrally. Two factors were thought responsible for
this zonation, mamgly, the greater supply of oxygen and food material
at the periphery of the lobule. The author concluded that all zonation

was probably dependent upon the character of the blood bathing the cellse.

Ce Golgi Apparatus

The literature pertaining to the Golgi apparatus and its signifie
cance has been periodically summarized: anpénhaimer (1916), Cowdry
(1923), Bowen (1926-1528-1929), Kirkman and Severinghaus (1937-38),
Bourne (1942), Baker (1944), and Worley (1946-47). Since many of the
earlier revi@ws covered controveraial problems which have sinﬁs hesn
olarified, reference will be made mainly to papers of comparatively
recent years,

The Goigi apparatus has been described as a reticulum, network,
Vﬁsiela, granuler bodies, small éphsras, rodlets, incomplete hollow
s@heres, fenestrated plates, group of vacueles, and as a ccllsction of
discs, FKirkman {1937) steted that the only cells in which it has been
impossible to identify the Golgi apparatus were short-lived or dying
ones, such as mamralian erythrocytes, cornified epithelial cells and
most mature sperm cells., Drew (1920) concluded that planits also possess
a structure identical with or at least similar to, the internal retioculer
apparatus of animal cells. The literature on this apparatus in plant

cells was more recently reviewed by Zirkle (1937).



Hill (1936) observed the Golgi apparatus, mitochondria, fat and
glycogen granules of chick osteoblasts grown in vitro. The above author
concluded thet osteoblasts cultivated in vitro exhibited perfectly normal
eytoplasmic inclusions and attributed the failures of earlier workers to
unsuitable conditions of cultivation. Haedougeld (1937) also demonstrated
the Golgi apparatus of cells in tissue culture., Norminton (1937) by
ultra-centrifuging, was suaéessful in stratifying fat globules, Golgi
bodies, and mitochondria into different layers. That author was also
able to identily these organoids and in§1usiana in living, unstained,
non-centrifuged materials Champy (1926) had alse previously observed the
Golzi network in unstained, and supra-vitally stained germinal epithelial
cells of the rabbit ovary grown in tissue culture. Atwell (1932) and
Severinghaus (1933) stated that although there was extreme morphological
variability of the Golpi apparatus in apimals and plant cells, there was
also & marked constancy of form in a given type of cell, Kirkman and
Severinghaus (1937) concluded that the apparatus may be present in a cell
as a single organelle or as many individual segments. In the former, one
would note a more or less compact appearance whereas in the latter, the
apparatus would present a loose widespread appearance as {requently noted
in many glandular cells, Uorley (1946-47) observed that the Golgi apparatus
was capable of existing in a number of forms both when examined in living
tissue and fixed tissue. He stated that his ob&eriaticns on living
material had confirmed theories advanced by previous investigetors that
used fixed and stainsd material. Baker (1544) observed that the Golgi

apparatus of spermatocytes and spermatids of the common snall were visible
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without staining in living cells, Ludford (1935) after vitally staining
the cultures with methylene blue was the firat to make a photomicrograph
of the Golgl apparatus in a living fibroblast grown in vitro, Beams and
King (1934) demonstrated by ultracentrifugation that the specific gravity
of the Golgl apparatus was lower than that of the surrounding cytoplasm,
This discovery is often referred to as the work that definitely marked
the end of the Golgl apparatus~artefact controversy., It is now concluded
by compstent investigators that the apparatus exists and can be demonw
strated in both living and fixed protoplasm.

Opinions vary not only as to the structure but also as to the
chemical composition of the Golgil apgaratus. It was suggested by Bowen
(1920, 1926, 1928 ) that the Golgi system was of a duplex character,
cousisting of osmiophilic material and ehroméphobic matari#l of a protein
nature. PBeams and King (19322,1932b) described and illustrated both
osmiophilic and osmiophobic portions of the Golgi apparatus, but ventured
no opinion as to the osmiophobic portion. Since fat solvents destroyed
the apparatus, fastlick (1936) favored the lipoidal concept. Beams and
King (1934) stated that the apparatus behaved as a lipoidal structure
going to the centripetal pole of the cell during ultracentrifuging.
Worley (1946~47) suggested that the Golgi elements act like a series of
intrecellular sponges which grow considerably due to their great
absorbing or adsorbing ability. The Golgi substance according to Worley
is cansﬁantly enzeged in soaking up fat or protein from the surrounding
cytoplasm. That author felt that the Golpi elements converted protein

and fat forming substances brought te the cells by the blood into the
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intracellular nsutral fat and protein inclusionse. In physicalechemical
terms, the Golgl system may fulfill Taylor's (1543) prediction that
coacervates may be active in living cells.

A nuclear origin of the Golgi apparstus was suggested by Hirschler
(1929)s wWorley (1946-47) also reported as follows on the possible origin
of the Golgi bodiesy

The evidence, at the present time, indicates that the new

Golgi elemente in all cells cannot be assumed to have arisen from

pre-sxigting Golgl bodies of microscopically visible proportionss

Since Golgl substance is probably always present, but it nsed not

neosssarily be so disposed as to make it recognizable by the

morphologist as one or more Golgi bodiess
Worley tentatively suggested that the nucleolus may be thought of as
discharging granules and droplets of protein or protein precursors into
the cytoplasme They may remain dormant or begin to absorb lipoidal sub~-
stance, They will then, according to the author, blacken with osmiec acid
and may then be in reality homogeneous Golgi droplets. That author also
suggested that the extruded nuclear material may remain in a submicroscopie
form or the particles may aggregate to form visible elements or Golgi
bodies. What the eytologist recognizes as the Golgl apparatus typically
represents according to Worleys

the mors or less temporary aggregation of ultramicroscopic

colloidal particles composed partly or largely of ribose nucleic

acid or ribeo-nucleoproteins, phospholipids and, probably free
guently, vitamin C,

De Glycogen

Since Bernard (1857) demonstrated the presence of glycogen in tissues,

much has been published regarding its distribution and history in the
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hepatic cells Ehrlich (1883) established the diffuse distribution of
glycogen in the liver cell and Lewis (1921) by means of tissue culture
cells confirmed this work. However, evidence regarding glycogen distri-
bubion in the hepatic lobule and in the lobes of the liver is conflicting.
Bartlett et al, (1914) believed that the relative amounts of glycogen in
the different lobes of the liver must vary from time to time according to
the stage of digestion. Injections of dilute copper sulfate solution
were made into the lumen of the intestinal tract at various places, per=
mitting normal absorption to conbtinue over periods of from five days to
three wesks. Later, final quantitative determinations of copper were

made for the different lobes. From their experiments, they concluded that
blood flowing into the portal vein from sach of the smaller veins of the
portal system does not blend diffusely into a common current but instead,
blood from the stomach, sylaen,.duodénunh firat part of the jejunem, and

a portion of the rectum, flows mainly to the left lobes of the dogs liver
and least to the right lobes. Blood from the lower jejunem, ileum, and
first part of the large intestine flowed principally to the right lobes of
the liver. However, Dowler and Mottram (1918) stated that the lobes of
thé liver of the dog, cat, and rabbit hag a different and unpredictable
glycogen content. The authors felt that the distribution of glycogen

was irragular and according to no fixed plan, stating that no apparent
relation existed between the time that elapsed after the meal and the lobe
that had the largest amount of glycogen. They believed the probable factors
that influenced the partition of metabolic products between the different

lobes were localized constriction, incomplete mixing of the blood in the



portal vein, and potentiality variance in the cells for a certain type of
work at a given time, Contrary results have also been reported regarding
the glyoogen deposition within the hepatic lobule, Noel (1923) found
thet glycogen appeared first in the cells adjacent to the central vein,
later, the other cells of the lobule gradually accumulated glycogen
appearing last in the cells about the peripheral portion of the lobule,
Although glycogen became rather evenly distributed throughout the cells
of the hepatic lobule following ingestion of suffiecient carbohydrates,
those cells about the oentrai vein usuelly contained the largest amounts,
In generai; the withdrewal of glycogen took place in a reverse order

from the course of its deposition according to Noel, The cells around
the central vein appeared to retain the glycogen longest, Forsgren (1935)
and his assocletes also reported that the deposition of glycogen began in
the interlior of the lobule snd advanced toward the periphery, They
desceribed a rhythmic cycle in the deposition of glyocogen and in the
gocretion of bile, According %o their observetions, glycogen was present
in large amounts during the night, whereas the largest amount of bile was
secreted during the afternoon., This cycle was characteristic for the
rabbit, the rat, and the mouse, Forsgren concluded that the quantity of
the two substances and their distribution in the liver lobule varied
inversely, The cells in the peripheral portion of the lobule in whioch
production of bile began first and ceased last, were more secretory in
character, while those in the interior, in which the pkoduotion.gf glycogen

began first and ceased last, were more assimulatory in character,
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Higgine, Berkson, and Flook (1932) and Dsuel et al, (1938) found that
glycogen deposited in the liver in the diurnal oycle was largely alimentary
in origin, Deane (1944) found that with both controlled and uncontrolled
feeding, glycogen appeared to be deposited shortly after the time of
eating, Deane felt that there was no evidence to support the conclusions
of Forsgren that the time of glycogen deposition was controlléd by factors
other than alimentation, In disagreement with the descriptions of pre-
vious workers, Deane found thet glycogen was deposited initially in the
peripheral zone of the hepatic lobule, then more centrally, Deane's
preparations showed that the storage of glycogen as well as the secretion
of bile acids was greatest at the periphery of the lobule and thus con=
trary %o Forsgren does not believe an inverse relationship between the
storage of glycogen and the secrstion of bile acids exists,

Although cytological methods have been valuable in determining
various facts regarding glycogenesis and glycegenolyait in the liver, it
was the studies of Mann and Magath's (1922a, 1922b, 1922¢) that clarified
the vital funétion of the liver in relation tec carbohydrate metabolism,

In a series of studies, the authors observed the effoet of the total
removal of tﬁa liver, Best (1934) in a series of articles alsoAreviawnd
the role of the liver in the metabolism of carbohydirate and fat, The
formation of glycogen from glucose in fed and fasted rats has recently
been studied by Stetten and Boxer (1944), A constant concentration of
deuterium oxide was maintained in the body fluids and the extent to which
heavy hydrogen was incorporated into liver and carcass glycogen was

determined, The general role of the liver in regulating the blood sugar



level has recently been reviewed by Soskin (1944), Gydrgy (1944) brought
up to date recent concepts dealing with experimental dietary hepatic
injury, Freeman (1946) made a very comprehensive review of recent

studies on the liver and bile,

E. Fet

Many workers have .studied the problem of liver function in fat
metabolism since K6lliker (1867) first demonstrated fet globules in the
liver, Hertley's paper (1907-08) showed conclusively that liver fat had
& higher iodine value than depot fat, A few years later, Mottram (1909)
observed that there was an increase in liver fat when food was withheld
from rebbits end gulnea pigs for twenty~four hours, That author suggested
that the increase was due %o infiltration of the liver by depot fat and
confirmed his results by a study of the iodine wvalues, Dowler and
Mattrom (1918-19) concluded from their study of the distribution of
| blood, glycogen, and fat in the lobes of the liver, that one should
never assume that all parts of the liver are working at the same rate
or upon the same material, N8el (1923) noted that fat, which appeared
about the portal spaces in the mouse following a meal, resched a maximum
in quantity at foﬁr to five hours, It then diminished progressively to
the tenth hour, The tissues and organs of beef animals preparsd for
slaughter and sale in the normal manner were analyzed by Bloor {1928)
for the distribution of the unsaturated fatty acids, Bloor's work cone

Pirmed that of Hartley's in that the iodine wvalue of the fatty asids of



the fat fraction were distinctly higher in the liver than in the stored
fat of the animals, Two years later, Blaar\and Snider (1950) studied the
neutral fat of beef liver and other tissue tsken from freshly slaughtered
animals, Their results agree with previous findings that the neutral

fat of liver is more unsaturated than that of the fat depots., The

liver iodine number for all the samples averaged st least twenty points
higher than the depot fat of the animal, Fat globules in the substance
of spherical chondriosomes were described by Kater and Smith (1932),
They believed that either the miﬁcchon&ria served as a storage place

for fats or that they acted as catalysts stimulating a synthesis of

fats from the fatty constituents, Noel (1923) also concluded that fat
was formed in the hepatic cell of the mouse under the influence of the
mitochondria, This conclusion was based on the observation that hypere
trophied mitocheondria were surrounded by a ring of small fat globules,
Cowdry (1932) stated that fat granules usually appear in the cells

around the central vein, Best (1934) in a series of articles discussed
the role of the liver in the metabolism of carbohydrates and fat in the
rat, It was noted that choline added to the stoek diet for some weeks
previous and during the period of s%arvation.prevanteé the accumulation
of liver fat, When fat was provided in the diet of white rats, there
was an acoumulation of neutral fat in the liver, The addition of choline
reduced the neutral fat to low levels, Hoerr (1936) in his histological
studies, discussed osmic acid as a mierochemical reagent with special

reference to lipins, The author folt that two factors should be
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considered in the preservation of lipin droplets for microscopie study,
nsmely, completeness of reduction of the osmic acid itself and the
mechanism by which the lipin droplets were rendersd insoluble by the
osmic acid, Hoerr believed that the techniques of Kater and Smith (1932)
did not warrant their aonslusiéns that mitochondria in the liver were
concerned with the formation of fat within their centers, Hilditch
(1937) studied chemically the composition of liver fat in the ox, cow,
pig and chicken, Grafflin (1940) made a histological study of the fat
distribution in guines pig livers of chemically known fat content, A
zonal deposition of fat was noted in the lobules of the liver,., There

was & ftendency for the fat droplets to be largely confined to the central
portion of the lobules, They were occasionally located in the inter=
mediate zone but seldom in the peripheral zone, The cytoplasm of the
hepatio and Kupffer cells conteined a variable number of fat droplets,
However, there was no relationship between the quantity of fat deposited
in the Kupffer cells on the one hand, and that in the hepatic cells on
the other, PFat droplets were also occasionally observed in the cells
lining the bile ducts, At times, well stained sudanophil fat droplets
were observed within the nuclei of the hepatic cell but they were never
seen in the nuclel of the Kupffer cells or bile duct epithelium, The
author concluded that the relative amounts of histologically demonstrable
(sudanophile) fat in different livers were not an acourate index of the
relative total lipid contents as determined by chemiocal methods.

Grafflin (1940) had previously shown by differential analyses of guinea-



" w2

pig liver that only a small fraction of the total lipid was present as
neutral fat., However, Hodge (1941) demonstrated that Sudan IV stain was
specific for this neutral fat, He noted that the sudeanophil content of
the liver was closely related to the neutral fat content, but this was
not the ease in regards to phospholipid or cholesterocl percentages,
Hodge concluded that the histological classifleation and the chemical
analysis compared very favorably for "neutral fat",

Some workers Kater and Smith (1932), N8el and Pallot (1934) have
described a direct relationship between mitochondria and fat droplets
within the liver ocells, Others, MacCardle (1937), McCurdy (1839) and
Steffens (1941) have failed to find any direct relationship, Because of
these conflicting views, Deane (1942) restudied the probleﬁ examining the
fat converted from a high sugar diet and the fat mobilized during star-
vation, The high sugar diet of Barrett, Best, and Ridout (1938) which
had previously been studied biochemically, was adopted, The livers of
the mice on the high sugar diet became very fatty within a week, but
when the animals were restored to a balanced diet, ﬁhe fat was lost, and
& normal 1ivnrvpicture returned, The fat tended to be concentrated in
the central zone of the liver following a high sugar diet and after
starvation, ¥Fat droplets eppeared in the liver within a day or two after
the mouse had besn plased on the high sugar diet, They were at first
distributed uniformly in the lobule or slightly eentrally. ‘After two
wseka; the fat was concentrated in the middle and peripheral zomes of the

lobule, Haﬁuvsr,kéuring starvation, the fat was frequently more concenw
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trated in the central half of the lobule in contrast to the more peripﬁ-
aral concsntration seen in animals after two weoks ah the diet, Stetten
and Salcedo (1944) studied the sourve of the extra liver fat in various
types of fatty livers, The authors labeled the newly synthesized fatty
acids with deuterium by raising the level of the body fluids of animals
on fat-free diets with respect to Dp0, Deane (1944) investigated the
relationship between changes in the mitochondria and the Gelgi substance
on the one hand, and the secrstion of bile aclds, and the storage of
glycogen and fat on the other, Whenever fat was present in the livers
of the mice, it seemed to be of alimentary origin since it appeared

soon after the time of feeding, The fat droplets were either limited

%o the aaﬁtral zons or more concentrated in this area than in the periphe

eral portion of the lobule,



III. HETHCDS OF PROCEDURE

A+ Obtaining Liver Samples

The livers used in this study were obtained from sixty-nine snimals
slauchtered at the plant of the Bookey Packing Company, located at
Des Yoines, Jowa, A complets history of all the animals was available as
to sex, age, breed, and type of feed and pasture.

Twenty~two 4H Club Cettle, both steers and heifers, were slaughtered
on August 16, 1946+ The animals were all approximately l%*years of age
and were in prime condition heving been shown at the Iowa State Falr.
They included the Hereford, the Aberdeen Angus and the Shorthorn breeds,

The individual animals presented the following feeding records;

#111. (Three animals)

Project started December 31, 18456 - terminated August 15, 1946

Corn 68885 lba.
Oats 2321.0 ™
*?ﬂrkio TO8.0 "
ned clover 1382,0 "
Mineral . 44,0 "
Beet pulp 68,0 *

*Protein 9%
Fat 1. 5}";
Fiber 8%
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#32. (One animal)

. Projeect started January 12, 1946 - terminated August 15, 1946

Corn 2013.0 lbs.
Oats 845.0 "
*Sweet Lassy 125.,0 *
Mixed hay 645.0 "
sProtein 11%
Pat 1%
Fiber 13%

#232, (One animal)

Project started January 1, 1946 - terminated August 15, 1946

Corn : 293840 1bs.
Qats 118.0 %
Soybean meal 70.0 "
Mineral 30.0 "
Alfalfa hay 307.0 "

#52. (One animal)

Projsot started Januery 1, 1946 =~ terminated August 15, 1946

Corn 3196,0 1bs.
Tarkio 228,56 "
Linseed o0il meal 203.3 ¢
Red clover 7

#A37. (One snimal)

Project started December 28, 1945 -« terminated August 15, 1946

Corn & cob meal 235840 1bs.
Oate ; 230.0 "
Linssed oil meal 140,0 *®

Hay 579.0 *



#3834+ (Two animals)

Project started January 7, 1946 ~ terminated August 15, 1946

Ground corn and oats 578840 1bs.
Soybean oil meal 223.0 "
Molasses 19640 *®
Red clover 6377.,0 "

n

¥ineral 90,0

#21. (One animal)

Project started November 1, 1945 - terminated Augzust 15, 1946

Ground corn 268040 1bs.
Oats 624.,0 %
Tarkio 382.,0 *
Timothy and clover 1105.0 *

#1258, (Three animals)

Project started January 1, 1946 ~ terminated August 15, 1946

Ground corn or corn and cobmeal 585840 lbs.
Qats 1578.,0 "
sHoneymead cattle pellets 651.0 "
Mixed clover & timothy 4822,0 "
Salt 50,0 *
*Protein 37%

Fat 1.5%

Fibver 745%

#226. (Two animals)

Project started November 22, 1945 « terminated August 15, 1946

Corn 135040 lbae
Dats 1843.,0 "
Linseed oil meal 224.0 "

Hay 3500.0 "
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#3584 (One animl)

Project started January 1, 1946 = berminsted August 15, 1846
Corn 1896.0 lbs.
Dats 90.0 "
0il meal §3.0 ™
Tarkio 83.0 %
8alt 11.0 "
#38+ (Two animals)

Project started January 1, 1946 = terminated August 15, 1946
Corn 4041.,0 lbs.
Oats 220.0 "
Oatmeal 166.0 *
Tarkio 15640 "
Mixed hay 750.,0 *
8alt 22,0 *®
#94. (Three animals)

Project started Janusry 23, 1946 - terminated August 15, 1946
Corn 668540 1bs.
Qats 6985.0 "
Calfmeal 950,0 "
Pea silage 1350.0 *
Hay 1002,0 "
Straw 680.,0 "

Porty~seven steers owned and fed under supervision of ¥r. Lester

Bookey were slaughtered on August 15, 1946, with the following history:

The cattle were born in New Mexico in 1944 and by the spring of 1945 the

average weight was 400 lbs.

The animnls grased on grama grass and

buffalo grass in New Mexico till winter and were then placed on wheat

+111 April 1, 1946, when they averaged 686 lbs.

On April 1, 1948, they
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were shipped to lows wherse they were put on a blue grass pasture and
fed ground ear corn for 60 days. The animals were then turned into dry
lot for 60 days where they were fed corn silags, groun&Aéar corn,
chopped clover hay (new) and 1} 1lbs. linseed ﬁeal per animal per day,
plus salt. All the animals were betwsen 25 - 3 years of sge and were
in prime condition. FPeed and water were removed from both the 4H cattle
and the Bookey cabtle at 3:00 o'clock in the afternoon of the previous
day prior to slaughter. The animals were killed by a blow on the head
and bled by way of the Jugular wveine Both superficial and desp samples,
usually one centimeoter 3qnar@, were taken from the peripheral and
central portions of the livers. The specimens were immediately placed
in the varicus fizatives employed and returned to the laboratory at

Iowa State College for embedding, sectioning and mountings

Be Oytological and Histochemical Methods

ls General fizative

-

FPor & general fixative, a 10 per cent solution of neutral formalin
(equal to 4 per cent of formaldehyde) was used. The following stain
techniques as described by Mallory (1938) were routinely employed:
Harris®' hematoxylin and eosing Keidenhain's heﬁaﬁoxylin, Weigert's
elastic tissue stein and Van Gieson's connective tissue stain. Knoeffts
(1986) stain for collsgenous connective tissue fibers and reticulum was '

alsc useds
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2. Mitochondrial techniques

For mitochondrial studies, Repaud's technique as modified by Deans
(1942) was followeds The tissue was fixed in 10 per cent neutral
formalin for 24 hours and then post-chromed in 3 per cent potassium
bichromste for three days at 37.5° C., washed for 24 hours in running
water, dehydrated, imbedded in 56° Ce paraffin, sectiocned at 4 microus,
mounted and stained by Heidenhain iron-alum hematoxylin. Some sections
were acunterataina& with Babe's Aniline safranine following the technique
of Mallory (1938).

| Duplicate samples were also fixed in Bensley's (1938) acetie
osmic bichromate solution for 24 hours, transferred directly into 50%
alcohol, dehydrated im the ususl manner and cleared in oil of cedarwood
or dioxan Mossman (1937) énﬁ embedded, Sections were cut at 4 microns
and mounted. The mitochondris appeared as red gravules in those sections
counterstained with Altmann's acid fuchsin-pieric acid stain as described
by Bowen (1928). Fat appearsd as black droplets or granules in‘theaa

tissues fixed in Bensley's acetic osmic bichromate solutions.

Se Golgi apparatus techniques

~ For the demonstration of the Golzi apparatus, Nassonov's mbdificatioﬂ
of Champy's fluid was used with postéosmication as suggested by Kolatchev
and desorived by Bowen (1928). The blocks were osmicated at 35° - 37°
Ce for 3 to 7 days‘ The most favorable period was usually b to 6 days.
At the conclusion of osmication, the blocks were washed thoroughly in

running water for 24 hours, dehy&ratad by the alechol series and
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enbedded as usual in paraffin. Sections were cut at 4 miecrons. Some
sections were bleached by the hydrogen peroxide or the potassiun
permang&naﬁe~é£alie acid maﬁﬁo& as deseribed by Rowen (1928). After
bleaching, some sections were Gounterstained with Altmann's acid fuchsine
picric acid stain as medified by Hirschler (1915) and desoribed in detail
by Gatenby (1919) and by Bowen (1928), When counterstained with acid
fuchsin, the mitochondria appeared red and the Golgi apparatus remained

blacks

4. Glycogen technigue

Por the demgﬂstrgtion of glycogen, the tissue was fixed in absolubte
aleohol, placed in xylolexylol-paraffin and embedded in paraffin #s
recommended by Bensley (1938)s The seotions were cut at 4~6 microns and
stained with Best's caréime following the staining methods of Wallory

(1938)

5. Fat ﬁeehniqu@g

For the demonstration of fat, the tissue was fixed in 10 per cent
neutrel formalin for 48 hours and embedded in gelatin as described by
zwemer (1933) and modified by Deane (1542). The blocks were sectioned
at 10-15 microns using the freezing nicrotome, Seotions were fixed on
the slide by the use of 1% gelatin and stained with sudan IV as desoribed
by ¥ellery (1938)s A rapid fat stain employing oil red "O" was alsec
used fcllaéing the technique of Proescher {1927) as well as the Hile
blue sulfate stain introduced by Smith (1907-1908). Sudan black was

also used as described by Baker (1544).
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8« Phosphatase technigués

For the histochemical demonstration of phosphatases, the methods of
Gomori (1939, lgéia; 1941b) as modified by Deane and Dempsey (1945) were
followed. Tissuss were fixed in cold (0°C) acetone or cold (0°) 80%
aleohol for 24 hours. When soetone fixmtiaﬁ,wasvempléyaﬁ, the tissues
were cleared through cedar oil followed by benszene or through benezene
alone and then embedded in paraffin at 56-58°C. The tissues were never
allowed to remain in the paraffin for more than three hours as a maximum.

Following fization in chilled alcohol 80%, the tissues were changed to
| 90% alcohol, to 95% alechol, tok&hasigte and cleared through cedar oil
and several changes of benzene an& embedded in paraffine The blocks
were sectioned at 4 and 5 microns, and the sections mounted by the usse
of Mayer's (1883) albumineglycerine mixture. After deparaffinization,
the sections weré incubated in buffered solutions containing sodium
glyeerophosphate and either lead or calcium jons. The solutions were
buffered either with acetate or‘sédium barbital depending upon the pH
desireds. All solutions were checked immediately before use with the aid
of & Coleman pH Electrometer and adjustéd for alkaline (pH 9.3) and a§id
(pH 4.8) phosphatases. The sections were incubsted routinely for 2,8,
24,48,72,110, and 168 hours. Following incubation, the sections were
dehydrated, cleared and mounted in the usual m&nnerab The sites of
phosphatase activity were made microscopleally visible by converting

the precipitated phosphatase into brown sulfides as desoribed by Gomori
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(1941a, 1941b)s Control sections prepared by omitting the substrate
in the incubating solutions were run on every section in order te
reveal any possible preformed insolubles native phosphatases. The
general validity of Gomorit's methods for the demonstration of the

intracellular diatributian‘af phosphatases has recently been supported
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IVv. RESULTS

A+ Macroscopic Findings

Macroscopically, the normal bovine liver was reddish<brown in
color, although in animals advanced in pregnancy and in fat animals,
the color tended towards a yellcwishubfown. The bovine liver pre-
sented but one large lobe, and two indistinct smaller caudate and
papillary lobes. Its average weight varies between 10-12 lbs.
according to Sisson and Grossman (1938),

Macroscopically, the typical telangiectatic liver appeared normal
in size, weight, and shape. The lesions, which were purplish-black to
reddish~blue in color varied in size from a pin~point to s centimeter
or mores Usually, the involved area was rather definitely demsrkated
frém the surroﬁnding normal hepatic parenchyma; however, the very
small purplish pin-point areas could be easily overlooked unless good
lighting preveiled and careful observations were mades Upon ineision,
the lesiens.axhibited o mesh~like or net-like structurs which was
filled with blood. The lesions frequently were distributed throughout
the entire organ or at times wers confined largely to a single section
or portion of the liver. The remminder of the hepatic parenchyma
appeared normal. No cirrhosis, hypertrophy, or evidence of fascloliasis
was noted,

Macroscopically, the sawdust livers appesred normal in size,
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woight, snd shaps. The lesions wers plokishezhite 4o yellowsgrey in
color nmd wvariable in their distribution. They were, at times, distri-
bubed throughout the entire iiv&r ar thay were often {ound only in
irregularly soatiered areas. The lesions varied from pinepoint size
4o ons=-hall centlmsber or more. The non-invelvsd arsas appesred normsl
in color and consistency. Upon incision, the cut surfaces approximated
one another. The surfaes of the organ was swmooth and no eirrhosis
was evidont by palpation.

Telangiectatic and sawdust lesions were frequsntly noted in the
game liver. These lesions, which were viriable in thelr extent and
distribution, ezhibited the combined appsarance of the previously

deseribed telanglectatioc and sawdust livers.

B nicroscople Findings
1. FPhosphatase

In the normsl bovine liwer, alkaline glycerophosphatase
(pHe Seb to 9.0) was demonstrabted as a dark brown to black preecip-
itate. Alkaline phosphatasc was observsd to be present in the oyto-
plasm and puclel of the hepatic celle, the bile canalioculi, the
endothelial lining cells of the sinusoids and blood vessels, ths
colls of the bile ducts, and in variable amounts in the lsukocytes
and lymphoevtes (Pige 1)e Denss concentratiopns of precipiteate were

noted in the nuelel of the normal liver cells throughout the hepatie



lobule. Intense activity was noted in the karyoplasm, in the nuclear
membrane, nucleoli, snd in the chromatin material (Fig. 2). $light
alkaline phosphatase activity was noted at the cell membrane; however,
often this was obliterated or overshadowed by the intense mlkaline
phosphatase activity in the bile canaliculi (Fige 3)s A moderate
concentration of enzyme was observed in the cytoplasm of all the he-
patic cells. However, enzymatic activity was more intense in the
portal cenal area and in the peripheral cells of the lobule (Fige 4).
Extensive enzymatic aativity in the peripheral portion of ths lobule
was also noted in the lining cells of the dilated sinusoids (Fig. 5)a
~The bile canalicull and the hepatic nuclei of the hepatic cells stained
intensely when the tissues were incubated in a glycerophosphate
solution at pH. 9.6 for 2 hours. The reaction was very slight in

the cytoplasm of the cells with a 2 hour incubation period. Conse=-
quently, one obtained e distinct contrast between the cytoplasm and
the bile canaliculi at 2 hours incubation. The contrast was gradually
diminished as tﬁe incubation time was increased due to increased
enzymatic activity in the cytoplasms Occasionally, small foci of
leukocytes and lymphocytes appeared in sections taken from so-called

normel bovine livers (Fig. 6).



Pigure 1.

Photomicrograph# of an hepatic lobule illustrating the
distribution of alkaline phosphatase in the normal bovine

liver. Gomori's technique. X 100, Spécimen # 8d.

#A11 photomiorographs were taken from bovine liver specimens.
For detailed description see "Results".
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Pigure le Distribution of alkaline phosphatase in the normal
bovine liver.



Pigure 2,

Note the intense enzymatic activity in the karyoplasm, the
nucleoli, and in the chromatin material. Gomorits technique.

X 400, Specimen # e,
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Pigure 2. Cytologlcal distribution of alkaline phosphatase in
the normal bovine liver.



Figure 3.

Reaction greatest in the nuclei and in the bile canaliculi.

Gomori's technique, X 400, Specimen # Se.
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FPigure 3. Alkaline phosphatase activity in the bile capillaries
of the normal liver,



Figure 4.

Enzymatic activity most intense in the portal canal area and
in the peripheral cells of the hepatic lobule. Gomori's technique.

X 100, Specimen # 5be
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Figure 4. Alksline phosphatase activity in the peripheral
portion of the hepatic lobule.



Figure Se
Hote intense reaction in the walls of the hepatic artery and
bile duct, snd lining cells of the dilated sinusolds. X 400,

Specimen # 5c.



Enzymatic activity in portal canal ares.

Figure 5.



Figure 6.
Rote the foous of leukocytes and lymphocytes that were
present in a section taken from an apparently normal bovine liver.

X 400, Specimen # 4b.
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So-called normal bovine liver revealing a focus of

leuvkoeytes and lymphocytes.

Figure 6.



At pH 4.7 to 5.0, less phosphatase activity occurred in the normal
bovine livers than in the alkaline range. A slight reaction was noted
in the cytoplasm of the hepatic cells and a moderate acid phosphatase
activity was noted in the karyoplasm, the nuclear membrane, the
nucleoli, and the chromatin. Intense enzymatic activity was usually
always noted in the bile contained within the bile canaliculi (Fig. 7).
A slight variation in enzymatic setivity was observed in wvarious
lobules; however, the wvaristion was in degree only, and in nearly all
instances the greatest enzymatic activity was found in the peripheral
portion of the lobule and in the portal canal areas. Acid phosphatase
aotivity in the nuocleus was guite constant throughout the lobule and
section. The reaction was always more marked in the nucleus than in the
eytoplasm and always intensive in the bile canalicull and Kupffer cells
(Fig. 8). The cells lining the bile ducts exhibited moderate enzymatioc
activity, whereas those lining the artericles resvealed a more marked
reaction,

In the telanglectatic bovine liver, alkaline glycerophosphatase
{(pH 9.5 to 9.0) was demonstrated in similar sites and exhibited similar
activity to that observed in the normal bovine liver. The intensity of
the resaction in the cytoplasm, in the nuclei and throughout the hepatic
lobule resembled that noted above in the normal liver sections. The
typleal telangiectatic section exhibited cavernous sinusoidal areas

engorged with whole bloed (Fig. 9). Thé hepatic cords that were adjamcent



to the dilated siﬁﬁsoids were greatly compressed but revealed avorage
engymatiec aoﬁivity- Alkaline phosphatase activity was observed in the
cytoplasm of all the cells, but the most marked reaction was noted in
the hepatic nuclei and Kupffer cells, and sinusoidal lining cells in

the telangiectatic areas (Fig. 10).



Figure 7.
Reaction greatest in the bile within the bile canaliculi and
in the small bile duocts. 4n intense reaction also occurred in the
walls of the arterioles and in the Kupffer cells. X 400,

Specimen # 5d.



Figure 7. Engzymatie activity within the bile canaliculi.



Pigure B.
The reastion was always more marked in the nucleus than in the
cyto?l&am and always intensive in the bile canaliculi and Rupffer

cells. X 100, Specimen # 4a.
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in the hepatic lobule of a

Acid phosphatase activity
normal bovine liver,

Fipure B.



Figure 8.
The alksline glyceraphos?hatass, in the telanglectatic liver,
was demonstrated in similer sites and exhibited similar activity
to that observed in the normal bovine liver. Note that this sec-

tion revealed both a telanglecbatic area and a sawdust focuse

X 180, Specimen # 4350,
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Figure 9. Alkaline phosphatase activity in the telangiectatic
bovine liver.



Figure 10.
Note the average enzymatic activity in the cytoplasm of all
the cells, the nuclei, and surrounding hepatic parenchyma contiguous
to the telangiectatic area. The erythrocytes appesred as small
white spheres within the cavernous sinusoidal areas. X 450,

Specimen # 4351,
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Figure 10. BEnzymatic activity in the hepatic parenchyma adjacent
to & telanglectatic area.



The distribution of acid phosphatase in the telangiectatic livers
wes gimilar to that deseribed for the 9.0 alkaline range. However, the
concentration or activity of the enzyme in the acid range was weaker.
Only a very slight reaction was observable in the cyboplasm of the
hepatic cells, The resction was also less marked in the nueclel in
the acid range than was noted in the alkaline range.

The bovine livers exhibiting a fooal hepatitis (sawdust livers)
revealed a very intense concentration of both acid and alkaline
phosphatase both in and surrounding the foei of necrosis (Figs. 11, 12).
The sinusoids and hepatic cords within the necrotic area were com-
pletely engorged with a black precipitate representing a very marked
concentration of enzyme (Fig. 13). The leukecytes, lymphooytes,
sinusoidal lining cells and Kupffer cells of the sinusolids surrounding
the involved area also exhibited intensive euzymatic activity (Figs. 14,
15)s The hepatic cells contiguous to the involved area were hyper-
trophied and vacuolated (Fig. 16). The nu&lsi and bile canaliculi,
however, appeared normal in the adjacent surrounding tissue. However,
a normel distribution and concentration of alkaline phosphatase was
obgerved in the hepatic lobules, the ecytoplasm and the nuclei
throughout the sections except within, and contiguous to, the necrotic
foei (Pige 16)« 4 normal distribution of acid phosphatase was also
obgerved in those livers exhibiting a focal hepatitis excluding the

necrotic sreas. However, in sll sites the acid enzyme reacted less



strongly then was observed in the alkeline range. One often observed
simultaneously, telangiectaiic and sawdust areas in the same section
(Fige £)e A study of approximately 300 sections as to cytological
concentration and distribution of alkaline and acidipheaphataaa in
the normal, sawdust and telangisctatic bovine liver was graphically

recorded in Pigs. 17 and 18 and Tables 1, 2, 3, 4, 5 and 6.



Figure 1l.
¥ote the intense concentration of alkaline phosphatase both in

end surrounding the focus of necrosis. X 190, Specimen # 4354,



FPigure 1l., Enzymatic activity in a bovine liver exhibiting a
focal hepatitis (sawdust liver).



Pigure 12.
Note that the increased enzymatic activity was due to an
increase in number of leukocytes and lymphocytes in the delimited

area, X 100, Specimen # 192,



Figure 12. Engymatic activity in a bovine liver exhibiting a
focal hepatitis (X 100).



Figure 13.
Intense alkaline phosphatese reaction noted in the dilated

sinusoids and adjacent hepatic cords within the necrotic focuse

X 100, Specimen # 22b,
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Figuré 13. Enzymatic aetivity within a necrotic focus.



Figure 14.
Note the generalized enzymatic activity of the leukooytes,
lymphoecytes, sinusoidal lining cells and Kupffer cells of the

ginusoids. X 400, Specimen # 16b.
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Figure l4. Enzymatic sctivity withinand adjacent to a focal necrosis.



Figure 15.
Note the sharp line of demarkation between the focal necrotic
area and the contiguous normal hepatic parenchyma. Reaction partic=-
ularly intense in the luekocytes, and in the wall of-iha bile ducte

X 100, Specimen # l4a.
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Enzymatie activity'within the portal canal area of a

liver exhibiting a focal hepatitis.

Figure 15.



Figure 16,

Hote that there is definitsly an altered enzymatic pieture
within the hepatic cords of an area undergoing cellular changes
characteristic of beginning nccrosis. The enzymatic picture clearly
delimits the area from the surrounding normal hepatic parenchyma.

X 190, Specimen # 4352.



Figure 16, Enzymatic activity in the hepatic cords of an area
undergoing c¢ellular changes characteristic of
beginning necroeis.
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very slight enzymatic aetivity
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intense enzymatic activity
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Cytological concentration and distribution of alkaline phosphatase

Tahle 1

in "normal™ bovine livers

Cell

Nuclear

»

Bile

Cytoplasm Membrane Karyoplasm Membrane Nucleoldi Chromatin Canalicull

1. ++ + L +++e et +ht +4++
2e ++ + +++ 44t +44+ ++4 ++

3. ++ + +++ 44 +++ ++4+ ++

4, ++ + ++t 44 44+ +4++ ++

Se +4+4 + +++ ++4+4+ +H4+ e+ +H44
6o ++ + +++ 4 +44++ ++++ 44
Te ++ + 44+ et bt b+ -+
8e +++ + +4++ +++4 bt ++td +++
9e +44 + Loty 4 s b4 +++
10. ++ + ++4 bt +444 +++4+ ++t

+ Slight concentration +++ Extensive concentration
++ Moderate concentration ++++ Very extensive concentration
Table 2
Cytologieal concentration and distribution of alkaline phosphatase
in "sawdust" (Focal hepatitis) bovine livers
Cell Nuclear Bile
Cytoplasm Membrane Karyoplasm Membrane Nucleoli cChromatin Canaliculi

13. ++4 + +++4 ++td e ++4 +++

14. 4+ + 44 +++4 +44+4 Fowy FUVO

15. +++ + 4t +4+ 44+ +44 At

16. ++4 + 4 +++4 444 +44 +44

17. +++ + ++++ +++4 ++++ 4+ ++

18, +4++ + 4+t ++++ ++4+ ++4 ++
1g, ++ + ++4+ +++ 4 ++ ++
20. ++ + +++ +++ +++ ++ 4+
2l. ++ + +++ ++4 ++4 ++ 4

+ Slight concentration +++ Extensive concentration
++ Moderate concentration  ++++

Very extensive concentration



Table &

Cytological concentration and distribution of alkaline phosphatase

in "elangiectatic" bovine livers

Cell Yuclear Bile
Cytoplasm Membrane Karyoplasm Membrane Nucleoli <Chromatin Canaliculil

22e +4++ + it e it 4t ++4
23 ++ + 4+ +++4 +444 4 4+
24. ++ + e+t bt ++44 ++4 ++
25. ++ + ++4 ++4+ ++4 +44 ++
264 + + ++ +++ +++ +++ ++
27 ++ + +++ bt ++4+ +++ ++
28, ++ + +++ ++44 +++4 4t ++
29, ++ + ++4 ++4t 444 +4et ++
30. +44 + +++4 444 +H++ i+ ++
31, ++ + 4 i+ - ++d ++

Cytological concentration and distribution of acid phosphatase

+ Slight concentration
++ Moderate concentration

Table 4

+++ Extensive concentration
++++ Very extensive concentration

in "normal™ bovine livers

Cell Nuclear Bile
Cytoplasm Membrane Karyoplasm Membrene Nucleoli Chromatin Canaliculd

l. * + + + + ++
2e + - +4 ++ ++ 4+ ot
e -+ - ++ ++ ++ ++ +44
4, + + ++ ++ ++ ++ 4+
5. + + ++ ++ ++ ++ +++
6e + + ++ ++ ++ ++ ++4
Te + + ++ ++ ++ ++ ++4
8e + + ++ ++ ++ ++ ++4+
Qe + + ++ ++ ++ +4 +++
10. * - + + + + ++

= Negative ++ Moderate concentration

* Very slight concentration +++ Extensive concentration

+ 8Slight concentration ++++ Very extensive concentration
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Teble B

Cytologieal concentration end distribution of ecid phosphatase
in "sawdust" (Focal hepatitis) bovine livers

Cell Nuclear Bile
Cytoplasm Membrane Xaryoplasm Wembrane Nucleoli Chromatin Canalieculi
13, - - * * * * ++
14, * * * * - ++
15. * * * * - - ++
16, * - * * - - -
17. * + + ++ + + +++
18. + + ++ ++ ++ ++ ++4
19. * + + ++ * + et
20 * + + + + ++ e
21, * + + ++ ++ + 44+
~ Negative ++ Moderate concentration
* Very slight concentration +++ Extensive concentration
+ Slight concentration ++++ Very extensive concentration
Table 6
Cytological concentration and distribution of acid phosphatese
in "telangiectatic" bovine livers
Cell Nuclear Bile
Cytoplasm Membrane Karyoplasm Membrane Nucleoli <Chromatin Canaliouli
22. * * * * * * ++
23. * * * * - - ++
24, + - ++ +++ . ++ ++ *
25. * - ++ ++ ++ : ++ +
26. * - * + + + -
27. * - + ++ ++ + -
284 * - + ++ ++ + -
29. * + +++ T+ ++ ++ -
30, * + ++ ++ ++ ++ +
3l * + + ++ ++ + -
- Negative ++ Moderate concentration
* Very slight concentration +++ Extensive concentration
+ Slight concentration ++++ Very extensive concentration
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_g + Mitochondrisa

It was observed, upon low power examination of sections made from
macroscopically norgal livers, that the cells about the peripheral
portion of the hepatic lobule appeared darker in color than those
contrally located (Fige 19). Figure 20 represents the lighter appearing
central region of the hepatic lobule whereas Figure 21 illusbrates the
darker mppearing hepatic cells and cords in the portal canal area and
peripheral portion of the hepatie lobules High power examination
(2000 x) of the central lobular ares, revealed that the mitochondria
were peripherally located in the hepatic cells (Fig. 22). Thus the
periﬁheral location of the mitochondris within the cells imparted a
lighter, vacuolated appearance to the eells located in the central
portion of the hepstic lobule. However, it was observed that not all
cells in all lobules consistently exhibited this definite zonal mito-
chondrial pattern. The mitochondris of the central zone may appesar as
well stained grapules or may only be lightly stained or may apparently
be absent (Fig. 23). The cells that were located about the portal
canal and the peripheral portion of the lobule frequently appeared
darker in color than those cells centrally locateds High power exam-
ination (2000 x) revealsd that the mitochondria were diffusely distri-
buted as small spherical black granules throughout the eyfoplasm of
the hepatic cells (Figs 24). Thus, the mitochondrial pattern produced
a darker appearing hepatie cell in the peripheral portion of the

hepstic lobule.



FPigure 19,
The hepatic c¢ells appeared darker in the peripheral portion of
the lobule than those cells loeated centrally, Counterstained with

safranine. X 100, Specimen f 1 F.



¥Mitochondrial distribution pattern in the hepatioc

lobule of a normal bovine liver.

Figure 18.



Figure 20,
The cells centrally located appeared lighter in color than
those located at the peripheral portion of the hepatie lobule.

Counterstained with safranine. X 400, Specimen # 1 ¥.
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Figure 20, Distribution of mitochondria in the hepatic cells
located centrally in the hepatic lobule.



Pigure 21.
Photomicrograph illustrates the darker appeering hepatic cells
and cords observed in the portal canal aree and peripheral portion
of the hepatic lobule. The diff'erence in density was due to the
granular mitochondria which were diffusely distributed throughout the
hepatic cells located peripherally in the lobule. Counterstained with

safranine. X 400, Specimen # 1 F.
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ic cells

ic lobule.

Distribubtion of mitochondria in the hepat

located peripherally in the hepat

Figure 2l.



Figure 22.

High power examination revealed that the mitochondria were
peripherally located in the hepatic cells. Thus, under low power,
the cells located in the central portion of the hepatic lobule
appeared lighter in color and vacuolated. Counterstained with
safrenine. X 2000, Specimen # 1 F.
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Figure 22, Mitochondrial distribution pattern within the hepatiec
cells centrally located in the hepatic lobule,



Figure 23,
The mitochondria of the central zone of the hepatic lobule may
appear as well stained granules or may only be lightly stained or
may apparently be absent. Not all cells exhibited a definite zomal

mitochondrial pattern. X 2000, Specimen # 94.



B8

Figure 23, Mitochondrial pattern in cells about central vein of
normal bovine liver,



Pigure 24.
The diffuse granular wmitochondrial pattern produced a darker
appearing hepatic cell in the peripheral portion of the hepatic

lobule. Counterstained with safranine. X 2000, Specimen # 1 F.



Figure 24, Mitochondrial pattern within the cells in the peripheral
portion of the hepatic lobule,
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Low power examination of sections made from livers exhibiting a
focal hepatitis presented the follawing pleturse. The cytoplasm of the
hepatic cells in and contiguous to the necrotic foei appeared very
dark and conéyicuous as compared to the cytoplasm of the surrounding
normal hepatic cells (Fig. 25)s Upon high power examination (2000 x),
it was noted that the dark appearance of the cytoplasm was due to the
clumping of the mitochondria into large osmiophilic masses. These
large black masses at times completely obliterated all cellular detail
(Figs. 26, 27)s The hepatic cells adjacent to the neecrotic foci pre-
sonted small mitochondrial spheres diffusely scattered throughout the
cell (Fige 28).

The microgcopic sections madse from telangieotatic livers fre-
quently revealed dilated sinusoide engorged with blood (Figs. 29, 30).
However, it was noted, at higher maguification (2000 x), that the
cytoplasm, the nuclei and the mitochondria presented a picture comparable
to that previously described for the normal hepatic cell (Fig. 31).
Telangiectatic lesions frequently presented cavernoug,vsinuaoidal areas
which at times were free of blood (Figs. 32)s At both 400x and 2000x
magnification, the mitochondria, cytoplasm, and nuclei appeared normal
(Figs. 33, 34)s No mitochondrial clumping was observed in the hepatiec

cells or cords lining the cavernous sinusoidal telangiectatioc arecas.



Figure 25.
The cytoplasm of the hepatic cells in and eqntigucus to the
necrotic focus Aappa&red very dark and conspicuous as compared to
the cytoplasm of the surrounding normal hepatic cells. X 400,

Specimen # 11 P.
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Pigure 25. Section from liver exhibiting s focal hepatitis and
stained for mitochondria,.



Pigure 26, -
The dark appearance of the cytoplasm noted in Figure 25 was
due to the clumping of the mitochondria into large ocsmiophilic

masses, X 2000, Specimen # 11 F,



Figure 26, Nitochondrial pattern in cells within & necrotic focus,.



Figure 27.
¥itochondria clumped into large osmiophilic masses which at
times completely obliterated all cellular detail. Counterstained

with safranine. X 2000, Specimen i 11 F.
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Figure 27 Clumping of mitochondria in the hepatic cells within
& necrotic focus.



Pigure 28.
The normwal appsaring mitochondrial spheres were diffusely
scattered throughout the hepatic cells. The bile canaliculi were

also well illustrated. X 2000, Specimen # 11 F.



Figure 28. Mitochondrial pattern within the hepatic cells adjacent
to 8 necrotic focus.



Figure 29,
The telangiectatic area was largely 1oca€ed in the peripheral
portion of the hepatic lobuls. The dilated sinuscids were engorged
with blood which appeared as black masses. Counterstained with

safranine. X 100, Specimen # 20 F,
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Figure 29, Photomicrograph of a telangiectatic area. (x 100)



Figure 30.
The cavernous sinusocidal areas were engorged with whole blood
which appeared as black masses. Counterstained with safranine.

X 400, Specimen # 20 F.
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Figure 30. Photomicrograph of a telangiectatic area., (x 400)



Figure 3l.
The hepatic cords and cells adjacent to the dilated cavernous
sinusoids appeared normals The blood elements contained within the

 slnusoids appeared as black masses. X 2000, Specimen # 20 F.
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Figure 31, Photomicrograph of a telangiectatic area. (x 2000)



Pigwre 32,
The telangiectatic livers presented at times, sinusoidal areas

which were free of blood. X 100, Specimen # 38,
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( x 100)

ic ares.

Photomicrograph of a telangiectat

Figure 32.



Pizure 33,
‘The hepatic cords and cells contiguous to the cavernous ‘

ginusoidal areas appeared mormal, X 400, Specimen # 38.



Figure 33. Photomicrograph of a telangiectatic aresa. (x 400)



Pigure 34.
¥Wo mitochondrial olumping was observed in the hepatic cells
or cords lining the cavernous, sinusoidal telangiectatic areas.
The sinusoidal lining cells and hepatic cells appeared normal.

X 2000, Specimen # 38,
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Figure 34. Photomicrograph of a telangziectatic area. (x 2000)
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3. Golgi apparatus

The Golgi substance, in most instances, was fused into the form
of tight networks. These strongly osmiophilic networks were both
juxtanuclearly and periphsrally located (FPigs. 35, 36). The relative
amount of Golgi material demonstratable within the hepatic cell varied.
A varistion within the hepatbtic lobule as well as within the cell was
noted. However, in many instances, the Golgli material secemed more
massive, darker, and less fragmented in the peripheral cells of the
hepatic lobule than in the cells of the central portion of the lobule.
The mitochondria appearsd red in those sections that were counterstained
with acid fuchsin following the technique deseribed under cytological
procedures. The mitochondrial granules which were diffusely distri-
buted throughout the hepatic cytoplasm could easily bs differentiated
from the Golgl apparatus which remained as black heavy strands forming
8 tightly woven nebwork.

The Golgi apparatus was also readily observed in telangiectatioc
liver sections. The Golzi material of the hepatic vells in the telang.
area was arranged in a continuous network (FPige 37)s This lace-like
network imparted a fenestrated appearance to the cell (Fig. 38). A
fensgtrated appearance was slso observable under low magnification
(Fige 39)e The mitochondria were granular in form and similar in size
and shape to those noted in the normal hepatic cell.

The Golgl substance in the eells contiguous to and within a

sawdust focus was fused into a tight strongly osmiephilic massz which
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at times completely obliterated all other cytoplasmic detail (Fig. 40).
Figure 41 illustrates a typical sawdust focus with dilated sinusoids
adjacent to the necrotic area. The hepatic cords were dark adjacent
to the necrotic focus dus to the clumping of the Golgl material

(Figs. 42, 43). Frequently, the mitochondria and the Golgi substance
could not be differentiated in those cells undergoing necrosis within

the sawdust foci (Fige. 40)s



Figure 35,
The Golgi material, demonstrable as osmiophilie networks, was

both juxtanuolearly and peripherally located. X 2000, Specimen # 52,
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Figure 35. The Golgl apparatus of the normal bovine liver cell.



-Pigure 36.
The relative amount of Golgi material demonstrable within the
hepatic cell waried. The mitochondris appeared red in those sections
counterstained with aecid fuchsin and photographed as small dark

bodies, Counterstained with acid fuchsin. X 2000, syécimen # Tl
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Figure 36. The Golgi substance and mitochondrial granules within
the normal hepatic cytoplasm.



Figure 37.
The Oolgi material of the hepatic cells in the telangiectatie
arca was arranged in a continuous network, thus imparting a fensstrated
appearance to the cell. Counterstained with acid fuchsin. X 2000,

Specimen # 594
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Figure 37. The Qolgi apparatus in telangiechatic livers,



Figure 38,
Photomicrograph illustrating fenestrated appearance of hepatie
cells imparted by the Golgi network. Counterstained with acid

fucheine X 2000, Specimen # 53.
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Pigure 38. The Golgli materisal and mitochondrial granules in
telangiectatic livers.



Figure 3%.
The Golgi material imparted a fenestrated appearance to the
hepatic cells in the telangiectatic area. However, the mitochondria
and Golzl substence wers clumped inte black osmiophillic masses in

thoge hepatic cells contiguous to & necrotic focus. Counterstained

with soid fuchsine X 400, Specimen # 59.
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telangiectasis and a focal hepatitiss

Figure 39.



Figure 40.
The Golgl substance in the cells contiguous to and within a
necrotic focus was fused into a tight strongly osmiophilic mass.
All cytoplasmic detail, at times, was completely obliterated.

Counterstained with acid fuchsine X 2000, Specimen # 53,



=125«

Pigure 40. The Golgi substance in the bovine liver exhibiting a
fooal hepatitis.



Pigure 41l.

A necrotic focus (delimited by dotted lines) was seen surrounded
by dilated sinuscids. The hegatic cells and oords contiguous to the
necrotic focus were dark due to the clumping of the Golgzi material
and the mihochondri;a. Counterstained with aeid fuchsin. X 400,

Specimen # 53
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Pigure 41, The Golgi apperatus of the hepatic cells in and adjacont
to & neerobia I'ocus.



Pigure 42.

Under low power observation, the darkened hepatic cords
contifuous to the dilated éinusaids that were adjacent to the
necrotic focus, were readily demonstratable., The Golgi material
was clumped into black homogenous masses, the details of which
have been previouély described in FPigures 39, 40 and 41. Counter=

stained with acid fuchsin. X 100, Specimen # 53.
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Figure 42, The Golgi apparatus in the hepatic cells in and
adjacent to & neerotic foéus. (x 100)



Figures 43,
Illustrates the clumping of the Golgi material and mitochondria
in the hepatic cells (see arrows) adjacent to a necrotic foous.

Counterstained with acid fuchsin., X 2000, Specimen # 53.
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Figure 43. The Golgi apparatus in the hepatic cells in and
‘ adjacent to & necrotic focus. (x 2000)
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4. Glycogen

Glycogen granules were extemsively distributed throughout the
sections taken from normal liver blocks (Table 7). In many instances,
the glycogen was quite evenly distributed within the lobule (Fig. 44).
However, some sections revealed the granules of glycogen to be
slightly more concentrated in the central zone. The granules of
glycogen were also, as a rule, diffusely and irregularly distributed
throughout the cytoplasm cf the individual cells (Fig. 45).

. In the telangiectatic aﬁd sawdust liver, the distribution of
glycogen granules both within the cells and within the leobule
resembled that deseribed for the distribution in sections taken
from normal liver (Tables 7, 8, 9, 10). A pormal concentration
and distribution of glycogen was also noted in the cells and
hepatic cords sontiguous to the sawdust and telang areas (Figs. 46,

47),
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Table 7

Histological distribution of glycogen in the hepatic lobule
in "normal bovine livers*

Blocks # Central Middle Peripheral Distribution

"Normal™ zone zone zone in section
1 +++ +++ ++ +++
2 +++ +++ ++ +++
3 ++++ +4+4 +44 ++4+
4 +++ +++ ++4 ++4+
5 +++4 ++4+ 4+ +4++
6 A s +++ +4 +4+4
7 Py +44 44 ++4
8 ++4 ++ e ++
9 +i+ +++ 44 Py

10 +H++ +++4+ +++ b
+ Slight concentration +++ Extensive concentration

++ Moderate concentration ++++ Very extensive concentration

# Five slides were made from each block

* The symbol + indicates that only scattered cells in the
hepatic lobule contain glycogen; one or more +'s signifies
that an inereasing quantity is present
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Table 8

Histological distribution of glycogen in the hepatic lobule
: in "sawdust" (Focal hepatitis) bovine livers*

Blocks # Central Middle Peripheral Distribution

Sawdust Zone gone zone in section
1 ++ ++ ++ ++
2 +++ +++ ++4 ++4
3 +++ +4+4 +++ +4++
4 ++ ++ ++ ++
5 +++ +++ +++ +++
+ Slight concentration +++ Extensive concentration

++ Moderate concentration ++++ Very extensive concentration

# Pive slides were made from each block
* The symbol + indiocates that only scattered cells in the
hepatic lobule contain glycogen
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Table 9

Histological distribution of glycogen in the hepatic lobule
: in ™telangiectatio" bovine livers*

o - ime

Blocks # Central Middle Peripheral Distribution

Telang zone gone zone in section
1 ++ ++ - TV T T
2 ++ ++ ++ ++
3 4+ +++ 44 +++
4 4 ++4+ ++e +t4
5 ++4 et ++4 yoes
+ S51ight concentration +++ Extensive concentration

+4+ Moderate concentration ++++ Very extensive concentration

# Five slides were made from each block
* The symbol + indicates that only scattered cells in the
hepatio lobule contain glycogen



Table 10

Histological distribution of glycogen in the hepatic lobule of
bovine livers exhibiting both telangiectasis and a focal hepatitis

Blocks # Centraul Middle Peripheral Distribution
Telang & Sawdust zone zone zone in section
1 ++ +4 ++ 4+
2 +4+ +++ s +4++
3 +44 +++ +++ +++
4 +++ +4+4+ +++ B )
5 +++ +++ ++4 +++
+ Slight concentration +++ Extensive concentration
++ WModerate concentration ++++ Very extensive concentration

# Five slides were inade from each block

* The symbol + indicates that only scattered cells in the hepatie
lobule contain glycogen



Figure 44.
The glycogen granules were diffusely distributed within the
hepatie cells throughout the entire hepatic lobule. ¥o counterstain,

X 100, Specimen # 10, Slide § 86,
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Figure 44. (Glycogen distribution within the normal hepatic lobule.



Figure 45,
The granules of glycogen were diffusely and irregularly
distributed throughout the coytoplasm of the individual cells. T¥o

counterstain. X 400, Specimen # 10, 8lide # 66,
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Flgure 45. Glycogen distribution within the hepatic cell.



Figure 46,
A normal concentration and distribution of glycogen was present
in the hepatic eells and ocords contiguous to the telanglectatic areas.

¥o counterstain. X 100, Specimen # 5, Slide # 39.



-142-

Figure 46. Glycogen distribution within the bovine liver
exhibiting telangiectasis.



Figure 47.
A normal concentration and distribution of glycogen was noted
in the cells and hepatic cords adjacent to the necrotic foci. X 100,

Specimen # 5, Slide # 39.
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Figure 47. (Glycogen distribution within the bovine liver
exhibiting a focal hepatitis,
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As was mentloned previously under cytological procedures, Bensley's
acetic osmic bichromate fixative was used in order to demonsirate mito=
chondrie and fat, The mitochondria were stained with Altmannt*s aniline
acid fuchsin, Mallory (1988), and were found to present a similar picture
to that previously desoribed under "Results™ when Deane's (1942)
mitochondrial technique was used,

The osmiophilie lipids appeared black when Bensley's acetic osmiec
bichromate fixative was employed, Sixteen normal liver blocks were
sectioned and five slides wers made from each blocks It was observed
that very few lipid globules were demonstrable within the normal
liver sections when osmic acid was used as the histechemical reagent
(Fig. 48),

Bovine livers exhibiting both a focal hepatitis and telangiectasis
wera also fixed in Bensley's A.0.B. solution. Of the ten blocks
seotioned and studied, eight were chserved to rsve&l numercus lipid
globules which were blackened in varying degrees. The osmiophilio
lipids of the hepatic cells in the livers presenting a foeal hepatitis
appeared sas numsrous black granules which varied in number and sige
(Fig. 49). Some of the cells were hypertrophied and vacuolated. In
meny instances the fat globules appeared only as a ring of black

surrounding a clear light area (Fig. 50),



Figure 48,
When osmic acid was used, very fsw lipid globules were demonstrable
within the hepatie cells of the normal liver section. The speckled
appearance of the hepatic cells was due to the mitashohdria which were

stained red with Altmann's aniline acid fuchsine X 400, Specimen # la.
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Figure 48. HNormal bovine liver stained with osmic acid,



Pigure 49,

Humerous lipid globules were blackened in varying degrees.
The black granules veried in sisze and number. Some of the cells
were hypertrophied. Counterstained with Altmennts aniline acid

fuchsin. X 400, Specimen # 1lxl.
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stained

iting s« foocal hepatitis,

exhib

with osmic acid.

Bovine liver

Figure 48,



Figurﬁ 5O,
The fat globules were numerous andé variasble in size. Sone
fat globules appeared as clesr vaeaalea surrounded by & black hsalo,.

See arrow. X 400, Specimen # 1li.

!.:\" &
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Figure 50, Bovine liver exhibiting & foocal hepatitis, stained
with osmic acid but not counterstained.
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The hepatic cells and cords adjacent to & telanglectatic focus
also presented numerocus black osmiophilic granules which varied in
size and number (Fig. 51). The smaller granules and dots which appear
black in the photomicrograph Figure 51 appeared as red mitochondrial
granules in the original slide.

The sudanophilic substance siained well with Sudan black
following a modified technique of Baker (1944). All of the cells
in the normal bovine liver were stained a light blune when Sudan blask
was employed. However, it was noted that those cells about the
peripheral portion of the hepatic lobule and portal canal area
frequently stained a very intense blue-black whish at times delimited
the area (fig. 52).

Ths hépatic cells and cords contiguous to the telangiectatio
areasywhan stained with Sudan black revealed a staining reaoction
similar to that desoribed for the normal bovine liver (Fig. 53).

The bovine livers exhibiting a foéal hepatitis revealed necrotic
areas which varied in eclor from light blue to an intense dark blue=
black (Fig. 54).

Sudan IY and Sudan IV revealed a few diffusely scatitered very
faint orange Iipié droplets which usually were negligible in amount

in the normal, the telangiectatic, and the suwdust liver,



Figure 51,
Fumsrous black osmiophilic granules which wvaried in size and
number were sesn within the hepatic‘ cells. The small dots which
appear black in the photomicrograph appeared as red mitochondrisl

granules in the original slide. X 400, Specimen # 1lly.
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Hepatic cells and cords adjacent to a tslanglectatioc

Figure bl

focus stalned with osmic acide.



Figurs 52,
All of the cells stained a light blue. However, those cells
about the peripheral portion of the hepatic lobule and the portal

canal area, frequently ateined a very intense blue-black. X 100,

Specimen # 698
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Figure 62. Normal bovine liver stained with Sudan black.



Figure 53.
The hepatic cells contiguous to the telangiectatic areas
revealed & staining reaction similar to that described for the

normal bovine liver. See Figure 52. X 100, Specimen # 70l.
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Figure 53. Telangiectatic liver stained with Sudan blacke.



Figure b4.
The necrotic focus stained blue-black, The delimited area
(see dotted lines) was surrounded by normal appearing hepatic cords

stained a light blue, X 100, Specimen # 702,
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Figure 54. Bovine liver exhibiting a foeal hepatitis stained
with Sudan black.
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When seotions of bovine liver were stained with the Lorrain
Smith ¥ile blue sulfate technique, two sharp color reactions were
obtained. When Nile blue sulfate was uged on normal liver sections,
it was observed that those eells peripherally located in the hepatic
lobule appeared dark blue in contrast to the lightsr, more pink
appearing hepatic cells sentrally located within the lobule. The
cells about the portal canal and the collecting veins also appeared
dark in eolor (Fig. 65).

Bovine livers exhibiting a foeal hepatitis and telangiectatis,
when stained with Nile blue sulfate presented the following piecture,
The necrotic foei observed in those livers revealing a foecal
hepatitis appearsd pink to light vielet in color, in contrast to
the surrounding dark blue hepatic ocells (Figs. 56, 57). However,
the hepatic cells and cords adjacent to the cavernous telangiectatic
areas presented a blue color comparable to the cblar obssrved in the

normal bovine hepatic cell Figs. 56, 57).



Figure 65,
Tangential section of colleoting vein (C.V.). The cells about
the portal cenal and the collecting weins appeared dark in color in
contrast to the lighter more pink appearing hepatic cells centrally

located within the lobule. X 100, Specimen # 699,
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Figure 55. HNormal bovine liver stained with Nile blue sulfate.



Figure 56,
The necrotic fool (delimited by dotted lines) appeared pink
to light violet in color in contrast to the surrounding dark blue
hepatic cells. T. telangiectatic area. é.v. central vein. X 100,

Specimen # 700a.



«165=

b
o]
2
[
&
he ]
5o
ol
opd Got
o
- -4
ELEE
4]
>
Bl oy
%b
- %
& vt
2
g
ol o
aE
ma
7}
W
®
| P
WS
wi @
fa s ]
© 5
o+
£y
[« 3K ]
fra g~

Figure 56.



Figure 57.
The hepatic cells and cords adjacent to the cavernous
telangiectatic areas presented & blue color comparable to the

esolor observed in the normal bovine hepatic cell. X 100,

Speocimen # T00b,
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Figure b7. Bovine liver exhibiting telangiesctasis stained with
¥ile blue sulfate,
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6. Cytoplasm, reticulum, and collagenocus connective tissue

Since the oytoplasm of the liver cell reflects to some extent
the functional state of the oel}@ﬁaximow , 1838), it was deemsd
advisable to note the miarnscépie pieture of the hepatic cell as
revealsd by routine stains. Twenty specimen blocks were removed
from normal bovine livers and at least ten slides were made from
each block. The liver sections stained with routine hemstoxylin and
eoain stain revealed the following microscopic picture.

Liver sections stained with hematoxylin and eosin presented a
variable picture. The hepatic eell frequently appeared vacuolated
and fenesirated. The fenestrated appearance impartsd by the
vacuolation of the cytoplasm was often noted in the hepatic cells
located centrally within the hepatic lobule (Fig. 68). High power
examination (x 400) disoclosed enlarged hepatic cslls (Fig. 59).

The cytoplasm presented a granularity which one could mistakenly
believe to be cloudy swelling. WMany of the nuclei appeared pykmotie
and the cellular outline was frequently wvague. The hematoxylin and
eosin stain also revealed meny hypertrophied hepatic cells which
were irregularly distributed throughout the section. The cells
were frequently twice the size of those hepatic cells classified as
normal. The cytoplasm appeared vacuolated and the nuclei enlarged.
However, high power examination (x 400) revealed normal chromatin

distribution and nucleoli, nuclear membrane and cell membrane (Fig. 60).



Figure BB,
A fenestrated aprearance imparted by the vacuolation of the
cytoplasm was often noted in the hepatic cells located centrally

within the hepatic lobule. X 100, Specimen # 6.
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Figure 8. Normal hepatic lobule stasined with hematoxylin and
sosin.



Figure 859.
Normal physiological variation of oybtoplasmioc structure within
the normal bovine liver. Many hepatic cells were often hypertrophied.
The cytoplasm appeared granular and vacuolated and the nucleil pyknotie.
This apparently normel variation in size and structure was noted in
meny of the 200 sections examined, Stained with hematoxylin and

sosin. X 400, Specimen # 1, Slide # 15¢
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Figure 59. Enlarged hepatic cells within apparently normal hepatic
lobula .



Figure 60,
Fumerous hepatic cells were often enlarged to variable dimen-
gione, However, high powar examination revealed normal chromatin
distribution and nucleoli, nuclear membrane and cell membrane,

Stained with hematoxylin and eeosin. X 400, BSpecimen # 1, Slide # 17.
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Figure 60. Apparently normal physiological variation in size and
appearance of the bovine hepatic cell.
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Ocoasionally one nobted smell foci of leukooytes and lymphooytes in
sections taken from liver sections olassified as normal macroscopically
{rig. 61). BSo-called normal livers also revealed beginning
telangiectatic fool (Fig. 62). High power examination (x 400),
revealed normal liver cells contiguous %o the dilated sinusoids

which were engorged with whole blood,

The bovine livers exhibiting & focal hepatitis and telangiectasis
that wers stained with Heldenhaln's iron hematoxylin and Van Gieson's
picric acid and acid fuchsin stain for collagen and reticulum showed
no inerease in collagenocus fibers in or about the talangieetatio
areas or necrotic foci, Sections were also stained with Weigert's
elastic tissuo stain and Knoeff's iron-hematoxylin-anilin-blue stain.
A normal distribution of elastic fibers were also present (Fip. 63).
Thus, no apparent increase or decrease in connective tissue or
elastic tissue fibers was noted in those livers exhibiting a focal

hepatitis and telangiectasis.



Figure 6l1.
A focus of leukocytes é.xxd lymphoeytes was noted approximately
one-half way between the central vein and the periphery of the
lobule. See arrow. Stained with hematoxylin and eosin. X 100,

Specimen # 6.
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Flgure 6l. Leukocybtic focus within an apparently normal liver,:



Figure 62.
Wormal hepatic cells were noted contiguous to the dilated
sinusoids which were engorged with whole blood. Stained with
Heidenhain's hematoxylin and Van Gieson's connective tissue

stain, X 400, Specimen # 94x, Slide # 41.
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Fipure 62. Beginning tslangisotatic focus within an apparently
normel bovine liver.



Figure 63,
¥o apparent inecrsase or decrease in slastic fibers was noted in
those livers exhibiting a focal hepatitis and telangieotasis.
Cavernous sinusoids surrounded ths neorotiec foeus. H. reticular
iibvers. C.V. central vein, N. necrotic foous. Knoeff's stain. X 400,

Specimen # 18.
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Figure 63. Distribution of the reticular fibers in a liver
exhibiting a foeal hepatitis and telangiectasis.
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Y. DISCUSSION

The macrosgcopic. examination of sixty-nine bovine liver specimens and
the microscopic examination of approximately five thousand tissue sections
give the following impressions. The maoroscopic obssrvations were identical
to those discussed previously (@etty, 1945)s It should be reemphasized thati
the microscopic findings deseribed underf“réaults“ are particular and signi--
ficent only for the described conditions of this investigation. In other
words, a definite time interval elapsed betwoesn the tims of last feeding
and watering and the killing time, the details of which were given under
"results". This time interval was the same for all 69 animals examined,

The writer wishes to emphasize that a complete history as to dlet, age;
sex, time of last feeding and watering, and method of killing should always
be known and considered when ev&luatingwmicrﬁscopic findings of any parene
chymal organe ’

Previous investigators, Deans (1944), Deuel et al. (1938), Hi zins,
Berkson and Flook (1932), as well as the present author, have been cogni-
zant of thé normal cyclie cytolcgioél and histochemical changos correlated
with the processes of storage and secretion wiﬁhin the hepatic cell and
lobules Thus a variable microscopic picture is frequently within the realm
of normal physiclogical variation. Before discussing in detail the micro-
secopie resulte which were given under six sub-headings, 1t should be
stated that the findinga of this‘investigatian have confinﬁed the previous
impression of the writer, Getty (1845), that the so~called "sawdust” and
"telang" lesions represent different stages of a focal hepatitis end its

termination.
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1. The principal sites in which phosphatase occurs in the animal body
and in the liver have been surveyed by a number of investigators
{Gomori, 1941; Kabat and Furth, 1941; Greenstein, 1941; Wolf, Kabat and
Newmann, 19433 Stafford et al., 1947; Deane, 1947). A marked speciss
variation in the concentration and kind of phosphatase has also been
cbserved by these investigabors. Although it is known that phosphatases
are concerned with carbohydrate metabolism, nucleotide metabolism, phog-
pholipid metabolism and calecium deposition (Sumner and Somers, 1943), the
exact biochemical role of the enzyme in its many and varied sites has,
ag vet, not been clearly defined,

Wislocki and Dempsey (1945) demonstrated that the presence of phos-
phatase and the deposition of glycogen was corrslated, noting that in the
epithelial cells of the uterine glands of the cat dephosphorylation by
the action of phosphatase occurred in the same cells that also stored the
glycogen. The zonal location of phosphatese as described in detail in
"results” in both the alkaline and acid range in the bovine livers
studied in this investigation lends support to the hypothesis that the
presence of phosphatase and the deposition of glycogen are correlated.
Deane (1947) has previously demonstrated that the phosphatase enzyme
rescted more strongly, at the periphery of the lobule of the rodent
liver. The preparations of Deane (1944) demonstrated that glycogen was
deposited initially in the peripheral zone of the lobule of the rodent
liver.

Wachstein (1945) reported that the fat-laden liver cells in experi-

mentally produced phosphorous and earbon tetrachloride poisonings showwed
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a decrease in both alkaline and acid phosphatase. Since Deane (1944)
observed thai fat droplets are more numerous in the central portion of
the hepatic lobule of mice, the lassenéd enzymatic sotivity noted within
the central portion of the hepatic lobule in the normal bovine liver may
in part be due to normal physiological deposition of fat. The explana=
tion advanced by Deans (1944) that the peripheral cells, with their
greater supply of oxygen, are better able than the central cells to oxi-
dize or otherwise diayaae of fat brought to them by the blood seems quite
plausible.

The intense enzymatic activity at pﬁ 9.5 that was noted in the
nuclei, the bile eanaliculi, the lymphocytes and the endothelium of the
small arterioles and capillaries in the portal canal area, similated the
observations reported by Deane (1947) for the rodent liver. Similarly,
the cytoplasm of the hepatic cells was also readily démomstratsd in the
alkaline range. The slight reaction in the cytoplasm at pH 4.7 to 5.0
noted in the bovine liver also is in acecord with the observations ées-
cribed by Deane (1947) for the rat liver. The moderate concentration
in the acid range, of the enzyme in the nuclei, the bile canaliculi,
lymphatics, Kupffer cells, and the endothelial lining cells of the
bovine liver similates the obserwvations reported by Deane (1547) for
the rate

A npormal distribubtion and concentration of both the alkeline and the
acid phosphatase was observed in the undamaged liver cells of bovine
livers exhibiting a focal hepatitiss Similarly, Wachstein (1946) cbserved

no appreciable increage in alkaline phosphatase in the normal hepatie
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parenchyma in human livers showing extensive neorosis of the hepatic cells.
The infiltrating leukocytes and lymphocytes, however, showed a varying
degree of activity, but the necrotic cells did not show an increase,
Gomori (1941) studying the distribution of acid phosphatase in tissues
undser normal and under pathological condlitions slsc reported no increase
in necrotic or cageating areas, but he did obssrve a marked reaction in
chronically inflammed tissue. A similar observation was noted in the
bovine livers exhibiting a fooasl hepatitis. The necrotic fool were
surrounded by leukocytes and lymphoeytes undergoing marked enzymatic
aotivity. The apparent incresse in senzymamtic activity within the foel
was in moat instances due largely to the very marked increase in number
of levkocvtes and lymphooytes in the circumscribed area. Howsver,
altered apd inereased enzymatic sctivity within the cytoplasm of the
hepatic cell did occur in some foci indicating a variance in enzymatic
activity. Wachstein (1945) likewise reported that necrotic liver cells,
damaged by phosphorus, chloroform or carbon tetrachloride, pressnted
either normsl or occasionally moderately increased alkaline and acid yhesé
phatase activitys. The above author also obgerved s marked increase in
phosphatase activity in the livers of starved or protein depleted animals
which he belleved té be due to the intensification of metabolic processes
which are gnt taking place to the game degree under normsl conditions.
These changes were fully reversible when the animals were placed on &
nofmal diet. Fo significant change in phesphatase activity was noted,
however, in areas of nacrosis; but the infiltrating cells and Kupffef

cells revealed gtrong activity. Thus, in the bovine liver, the variance
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in cytoplasmic ectivity within end ocontiguous to the areas exhibiting
a focal hepatitis is in agreement with Wachsteints findings.

A record of the approximately 300 sections, graphically presented
in Pigs. 17 and 18, and Tables 1, 2, 3, 4, 5 and 6, reveals that the
normal bovine livers and livers exhiblting a focal hepatitis and
telangisctasis present a similar or.ccmparable engymatic pattern. It
is of interest to note that Greenstein (1941-42) determined thet both
thé alkaline and acid phosphatase sctivity in transplanted rat
hepatomas w#s much greater than the corrssponding values for normal
rat liver, White et al, (1941-42) alsc observed that there was an
increase in alkélina phosphatase iﬁ rat hepatomsns particularly in the
necrotic zoneeg. Thus, the {indings of this investigation would not
seen to reveal an ensymabic pleture characteristic of maligpanﬁ or
transplanted tumors as described for other species.

The normal bovine liver presented a characteristic mito=-
chondrial pattern. As was nobted under results, the cells about the
peripheral portion of the hepatic lobuls appesared derker in e¢olor than
those centrally located., High power examination (2000 x) of the central
lobular area, revealed that the mitochondria were peripherally located
in the hepatic sells. Thus, the peripheral location of the mitochondria
within the cells imparted a lighter, vecuolated appearance to the cells
that were loeated in the esntralyportion of the hepatic lobule. Howewver,
it should be emphasized that not all e¢ells in all lebules consistently

gxhibited this definite zonal mitochondrial pattern.
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Since changes in mitoechondrial morphology often represent
funotional hypertrophy or changes in the general metabolic level of
the cell (Kater, 1937), one would not expect to observe the same
mitochondrial pattern im all the hepatic cells within a hepatic lobule
at a given time. The cells that were located about the portal canal
and the peripheral portion of ths lobule freguently appeared dsrker in
eolor than those cells centrally located. High power examination (2000 x)
rovealed that the mitochondris were diffusely distributed as small
spherical black granules throughout the oytoplasm of the hepatic cells.
Thus, the mitochondrial pattern produced a darker appearing hepatic
cell in the peripheral portion of the hepatic lobule. The conclusions
of McCurdy (1939) that a relationship exists between mitochondrial
morphology and the relative amounts of fat and glycogen within the
cell seems plausible. The rhythmic activity of the liver which is
dependent upon the feeding regime (Steffens, 1941) could readily
agcecount for the altered mitochondrisal pattern in the hepatie cells
located centrally aﬁd.periphsrally within the hepatic lobule. Then
too, the conclusions of Deane (1944) that all mitochondrial zonation
is probably dependent upon ths charaster of the blood bathing the
cells, would presuppose & changing mitochondrial pattern rather than
a static one. Since the hepatic cells located peripherally in the
hepatic lobule and about the portal canal area are bathed with blood
high in oxygen and nutrient material, one would expect a differsnt
but a characteristic mitochondrial pattern in the peripheral and

central portions of the hepatic lobule.
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It is of interestkt; note that the characteristic mitochondrial
pettern observed in the normal bovins liver was altered, however, in
those livers exhibitiﬁg & fooal hepatitis. The cytoplasm of the hepatioc
cells in and contiguous to the necrotic fooi appeared very dark and
conspiouous, when stained for mitochondria, as compared to the cyto-
plasm of the surrounding normal hepatic cells. Upon high power
examinetion (2000 x), it was noted that the dark appearance of the
cytoplasm was due to the clumping of the mitochondria into large
osmiophilic masses (Fig. 26). These large black masses at times com=
pletely obliterated all osllular detail., Thus, these observations are in
 accord with the findings of Duthrie (1935), that mitochondrial changes
are the most sensitive and earliest indications mieroscopically of
cellular damage.

The telangiectatie livers revealed a mitochondrial picture com-
parable to that préviously described for the normal hepatic cell,

Since no mitochondrial clumping wes observed in the hepatic cells or
cords lining the ocavernous sinusoidal telangiectatie areas, and since
high power examinetion (2000 x), revealed normal nuclei and oytoplasm,
the findings would indicate that the hepatic cells are unimpaired
within and contiguous to the telanglectatic areas.

Thus, the mitochondrial findings wlithin the normal, telangiectatic
and sawdust livers, as referred to above, are in accord with the
belisf that altered mitochondrial patterns, are expressions of anaboliec

or catabolic activities.
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As was previously noted in the review of literature, a vast amount
of controversiel material can be found pertaining to the Golgi apparatus.
Opinions still vary not only ss to the structurs, buﬁ also as to the
chemical composition of this Golgl substance. At present, the Golgi
apparatus is thought to consist éf two parts, an outer which absorbs
osmium and an osmio-phobic inner portion: Bowen (1920, 1926, 1928),
Bourne (1934), Weier (1933). Beamsvand King (1932a, 1932b) deseribed
and illustrated both osmiophilie and osmiophobic portions of the
Golgi apparatus, but ventured no opinion as to the osmio-phobie
portione Beams and King (1934) stated that the apparatus behaved as a
lipoidal structure. However, Bourne (1942) has concluded that the
Golgi apparatus like the mitochondria is composed of protein and
lipoidal or fatty substances. Bourne believes the Golgl apparatus
and the mitochondria possess a superficial adsorbed layer of protein.
Bourne's explanstion could thus account for the fact that neither
mitochondria nor the Golgl apparatus normally react with fat stains.
In physical-chemical terms, the Golgl system mmy fulfill Taylor's
{1943) prediction that coacervates may be active in living cells,
Worley (1946-47) recognizes the Golgl apparatus as e temporary aggres
gation of ultramicroscopic colleoidal particles composed of ribose
nucleic acid or ribonucleoproteins, phospholipids and, probably
frequently, vitamin C. Observations by Bourne (1934+35) also suggest
very strongly that vitamin C may frequently be associated with the

Golzi apparatus of a wide wvariety of cells.
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All investigators concede that the Golgl apparatus varies con=
siderably in size and shape. The problem of making accurate compara=-
tive estimations of the amount of CGolgl materisal is almost impossible,
as with mitochondria, even with the most accurate standardization of
methods, The Golgl apparatus varies in shape and consistency in
different eells of the body and also in individual cells according to
their physiological condition. It is alsc almost certain that in the
living cell it is constantly but slowly changing its conformation.
However, as a general rule, & simple Golgi pattern can be established
for the cells of an organ. This pattern can be; and ig often altered
under various physiological and pathologieal conditions. Bourne (1942)
believes that there may be & mitochondrial-Gelgi surface to cell
volume ratio for which the cell has its optimum funetion. Bourne
suggests that

An alteration of this surface volume ratio Ey bacterial

toxing, undue amounts of hormones or drugs, or deficiency

of minerals or vitamins may bs one of the factors involved

in the state known as il1 health.

In the present investigation, the Golgi substance in the apparently
normal bovine liver was fused into the form of tight networke. These
strongly osmiophilic networks were both juxtanuclearly and peripherally
located. However, the relative amount of Golgl material demonstratsble
within the hepatic cell waried. The Golgi apparatus was also readily
observed in btelangieotatic liver sections. The Golgi material of the
hepatic cells in the "telang"™ area was arranged in a continuous nete

work which imparted & fenestrated sppearance to the cell. In the
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bovine liver exhibiting a fooal hepatitis, & characteristic Golgl
pattern was also observed. The Golgl substance in ths cells eontigﬁous
to and within a necrotic focus was fused.into a tight strongly osmio=
philic mess which at times completely obliterated all other cytoplasmioc
details The clumping of the Golgi material imparted a dark black
appearanc§ to the ocells and cords adjaeent to the necrotic focli, Asm
has been previously mentioned, an altered Golgl pattern frequently is
seen concurrently with various physiological and pathological condi-
tions. Bourne (1942) cites the studies of Chang (1932) who noted an
increase in the amount of CGolgl materisl in the nerve cells in beri-
beri. Bourne (1935) also noted that the mitochondria clumped in large
masses in sourvy. Gatenby (1931, 1931a) who studied the effect of
phosphorus poisoning and irradiation on spermatopsnesis of Abraxas also
noted that the Golpgl spparatus was the mest sensitive of the cell
Organs.

?hus,‘the obsar?ations that both the mitochondria and the Golgi
material are clumped in the hepatic cells in end contiguous to, the
necrotic fool seen in the sawdust liver, would lend support %o the
belief that normal metabolie processes have been altered in the bovine
liver exhibiting a focal hepatitis. However, the mitochondrial and
Golgl pattern in the telangiectatic liver remains within the realm of
normal physioclogical wvariation.

Contrary results have frequently been reported in the
literature regarding glycogen deposition within the hepatic lobule,

Deane (1944) found that with both controlled and uncontrolled feeding,
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glycogen eppeared to be deposited shortly after the time of eating.
Deane also found that glycogen was deposited initially in the peri-
pheral zone of the hepatic lobula; then more centrally. The above au-
thor pointed out that one must at all times be cognlizant of the faet
that a cyelic variation in glycogen deposition exists. The discre-
pancy in our present literature regarding glycogen deposition is no
doubt due to the lack of conformity to the different time intervals
that various investigato;s have allowed to elapse between feeding time
and killing’time. Thus, it is again smphasiged that the difiuse
distribution of glyeogen throughout the hepatic lobule as reported

in this present investigation (Tables 7, 8, 9, 10) would no doubt be
different at different time intervals,

In discussing the results noted when the various fat stains
were used, it should be mentioned that Baker (1944) stated that the
“roge" color forms in sites of unsaturubted glycerides, while the blue
color has no histochemical significance when Nile-blue sulfate is used.
However, Mallory (1938) stated that aéutr&l fats are pink and fatty
acids and other fatty substances are blue to violet with Kile-blue.
sulfate. It is of interest to note that Sudan II and Sﬁdam IV revealed
only & few diffusely scattered very pink orange lipid droplets which
usually were negligible in amount in the normal, the telangisctatic and
the "“sawdust™ liver,

When sections of bovine livers were stained with the Lorrain-Smith

¥ile blue sulfate techniqus, two sharp color reactions were cobiained.



~19%=

Then Hile blue sulfate was used on normal liver seetions, it was
observed that those cells peripherally located in the hepatic lobule
appeared dark blue in eontrast to the lighter more pink appsaring
hepatic sells centrally located within the lobule. Thus; if one uses
¥allory's interpretation of the ¥ile blue sulfate stain the results
would indiemte a deposition of neutral fats centrally within the normal
hepatic lobuls, With FHile blue sulfate, the necrotic foel observed in
those livers revealing & focal hepatitis appeared pink to a very light
violet color, in contrast %o the surrounding darker blue hepatic cells.
However, the hepatic cells and cords adjacent to the cavernous
telangliectatic areas presentsd a blue color comparable to the color
observed in the normal bovine hepatie cells. As was noted under "results",
the sudanophilic substances stained well with Sudan black. All of the
cells in tha‘narmal bovine liver were stained a light blue color. The
hepatic cells and cords contipucus to the telangiectatic areas revealed
& staining reaction aimilar to that described for the normal bovine
liver. However, the bovine livers Qxhibiting a focal hepatitis re=
vealed necrotic areas which varied in color from light blue to an
intense blue~black.

Although osmic acid lacks specificity as discussed by Bensley and
Bensley (1938), it was deemed advisable to study those sections fixed
in Bensley's acetic-osmie bichromate fixative for fat deposition. The
above authors belisved thait the unsaturated fatty acids blacken much
more readily than the saturated fatty scids when osmic acid is used.

Consequently, the observation that both the "telang" and the “sawdust"
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liver seotions revealed more numerous black granules than the normal
bovine liver when ésmie aold was used, would indieate according to
Bensley, that less ﬁﬁaaturated acids are present in the normal liver
than in the sawdust or telang liver,

Sumnarizing the results noted when wvarious fat stains wers used,
it can be stated that various lipoidal substances were observed in all
the hepatic cells of the normal bowvine hepatic lobule., However, the
neutral fats appeared centrally whereas the fatty acids and other fatty
substances whioch appesared in lesser amounts, were seen peripherally in
the lobule.

Although the lobule of the liver was first recognized grossly
by Wepfer (1664), its true histological architecture is still debatable
today and guestioned by some investigators. Much has been written
regarding the livers morphological organigzation: Kierman (1833), Mall
(1906 ), Menn (1920), Mann and Magath (1922), Opie (1925), Higgins and
Yurphy (1930). Cowdry (1932) made an excellent review of the litera=
ture. The classical description of the liver cells as being arranged
more or less regularly in cerﬁs»whiah form columns extending radially
from the central vein, may in thes light of recent findings,(ﬂans Elias,
1949) of necessity require revision. However, tﬁis present investiga~
tion was concerned primarily in the oytolepy of the hspatis cell rather
than the lobule., The present writer would llke to emphasize that
perhaps the contradictory observations of many investigators is

largely due to the fallure to standardize properly the physiological
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conditions of the histological and cytological investigations. The
variability of the structure of the hepatic cell due to its functional
activity, makes the description of the ao~call§d normal hepatio cell
diffiéult aépeeially if the‘diet, age, 8ex, withdrawal of food and
water are not considered. These functional variances have been considered
in the present investigation and the findings recorded under "results"
are peculiar only to the deseribed limitations of this investigation.
Bighteen hours following the withdrawal of food and water, the animales
were slaughtered as desoribed undsr method of procedure. The hepatic
cell frequently appcared vacuclated and fenestrated when stained with
hematoxylin and eosin. The vacuolation of the cells about the central
vein was no doubt due to the xylol removing the neutral fat droplets,
However, many cells were hypsrirophied frequently to twice the size

of those hepatic oells classified as normal (Fig. 60). Cowdry (1932)
also hap emphasized that the hepatic cell increases in sigze and under=
goes intrecellular alterations depending upon food intake, character
of food, etc. Similarly, Cowdry further noted various nuclear and
eytoplasmic changes which varied in character and degree, which were
definitely classified as normal physiological variances,

The bovine livafs exhibiting a focal hepatitis and telanpgiectasis
that were stained with Heidenhain's hematoxylin and Van Gieson's
connegtive tissue stain showed no increase in collagenous fibers in
or about the itelangiectatic areas or necrotic foei. Sections were
also stalned with VWeigert's elastic tissue stain and Knoeff's iron

hematoxylin~anilin-blue stain. A normal distribution of elastie



~196=

fibere were also presente Thus, no apparent increasse or deécrease in
econnective tissue fibers or elastic tissue fibers was noted in those
livers exhibiting foeal hepatitis and talaﬁgieetasia.

In view efvﬁhe macroscopic and mieroseopic findings of this investie
gation and the availability of a complete known history as to diet, age,
etos of the sixty-nine aﬂimﬁls}studiad, it would next seem advisable to
consider this problem from & nutritional Eaaieﬁ Since no ptaaf to date
has been revealsd that telaunpgiectatie and sawdust livers are of an
infectious origin, and sinece the recognition of purely nutritional factors
as important agents ceusing hepatic disturbances is well confirmed, the
attempt to prevent telangiectsetic and sawdust livers by dietary means
appears to be fully warranteds Sullivan et als. (1932) and Lillie (1932),
while making preliminary studies on amino=acid toxieity and asmino acid
balance, noted that periportal coagulation neecrosis snd hemorrhagie
necrosis was produced in the liver of the ret by the addition of various
amino scidse The fact that dielary fa¢£0r5 alone can initiate liver
injury was demonstrated by Welchselbaum in 1935, and by Gy¥rgi and
Géldblatt in 1959, Earle and Victor (1941) and Rarle et al. (1942) noted
that excess dietary cystine or cystelc acid produced a portal hemorrhagic
necrosis, a foesl necrosis and ocirrbosis in the liver of the rat within
two weoks. In the same year, Earle and Vicbor (1942) studied the effect
of nine different diets on the liver lesions resulting from excess dietary
eystine. Gylrgy (1944) brought up to date recent concepts dealing with
expoerimental dietary hepatie injury. Himsworth (1944) also demonstrated

the influence of nutritional factors in liver diseases Glynn et ale (1945)
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made an excellent study of the various pathological conditions seen in
the liver of the rat due to deficiency of the sulfur containing aminoe
acids. Two ysars later, Glynn (1947) stated that cysteine had a thres-
fold action upon the liver. Follis in 1948 cited cystine deficlency as

8 specific cause for liver necrogis and hemorrhage in the rat. Since
many of the hepatie lesions noted in the rat by the various authors cited
above were comparable to those obmerved in telangiectatic livers and
livers exhibiting s foecal hepatitis, a comtrolled dietmry feeding experi-
ment for the bovine species would seem indicated, particularly in view of
the fact that the anatomy and physiology of the ruminant is considerably

different from that of the rate
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Vi. SUMPARY AND COHCLUSIONS

Sixty~nine bovine liver spscimens were studied macrosecopically
and mieroscopieallye

Observations have been made on the location of phosphatases in
the normal bovine liver, and in the bovine liver exhititing s
foecal hepatitis and telangiectasise

Both alkaline and aecid @hosphataﬁas were demongtrable in the
normal bovine liver, and in the bovine liver exhibiting a fooeal
hepatitis and telanglectasis.

In the normal liver and in the liver exhibiting a fooal hepati=-
tis and telengiectasis, the alksline and acid phosphatase
engymatic activity was more intense in the portal canal area
and in the peripheral cells of the lobule than in the central
portion of the hepatic lobules

Alkeline and acid phosphatase was observed 4o be present in the
cytoplasm and nuelel of the he?aﬁic cells, the btile eanaliculi,
the lining cells of the sinusoids snd blood vessels, the cells
of the bile duects, and in variable amounts in the leukooytes and
lymphocytese

lLess phosphatase activity ocecurred in the normal bovine liver,
the telangiectatic liver and the liver exhibiting a fooal

hepatitis, at ples 447 to 5.0 than in the alkaline range.
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In the telangiectatic bovine liver, alkaline glycero=-
phosphatase (pH. 9.5 to 9.0) and acid glycerophosphatase
(pH. 4,7 to 5.0) was demonstraled in similar sites and
exhibited similar activity to that obssrved in the normal
bovine liver.

The bovins liver exhibiting a focal hepatitis revealed a
very intense concentration of both acid and alkaline phos-
phatase within and about the foel of necrosis,

In the livers exhibiting a focal hepatitis, the hepatic
parenchyma exclusive of the necrotic areas, revealed a
normal distribution of alkaline and acié phosphutase,

The observations as to the distribution of alkaline and acid
phosphatase in those livers exhibiting a focal hepatitis and
telangiectasis, would not ses& to reveal an eﬁzymatic picture
characteristio of malignant tumors as described for other
specles.

A characteristic mitochondrial pattern was noted in the

- hepatic cells located in the peripheral and central portions

of the normal hepatic lobuls,

In the normal bovine liver, the mitochondria were peri=
pherally located in the hepatic cells of the eentral lobular
area in contrast to m diffuse distribution within the hepatie

eolls of the peripheral portion of the iobule.
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13. The oytoplasm of the hepatic cells in and contiguous to the
neorotic focl seen in livers exhibiting a focal hepatitis
appeared very dark due to the clumping of ths mitochondria
into large osmiophilic musses,

14, f%he telangiectatic liver revesled throughout a mitochondrial
pattsern comparable to that observed for the normal hepatiec
cell,

16. The Golgi substance in the spparently normal bovine liver was
fused into the form of tight networks both juxtanuclearly and
peripherally located.

{§. The Golgi material of the hepatic ocells within the telangiecta-
tic area was arréﬁged in a continuous network which imparted a
fenestrated appearance to the cells,

;?. The Golgi éubstance in the cells cpntiguaus to and within the
necrotic foci of the “sawdust“riiver,was fused into a tight
stranély osmiophilic mysalwhich at times oempleteiy obliterated
all other coytoplasmic detail,

18. The observation that both the mitochondria and the tGolgd
material are slumped in the hepatic cells in and contiguous
4o, the nscrotic foei sesn in the "sawdust"™ liver, would lend
suppoert to the beliel that normal metabolic processes have
been altered in the bovine liver exhibiting a focal hepatitis.

19. The mitochondrial and Golgi pattern in the telangiectatio

liver remains within the realm of normal physiolopgical variation.



20.

21,

22,

23

4.

25

264

27

201 =-

The diserepsancy in our present literature regarding glyecogen
deposition in the hepatic lobule is no doubt due to the lack
of conformity to a definite time interval between feeding time
and killing time.

Various lipoidal substances were observed in all the hepatic
cells of the normal bovine hepatic lobules \

The neutral fats appeared ocentrally, whereas the fatty'acids
and other fat-like substances whieh appeared in lesser amounts
were seen peripherally in the normal hepatic lobule.

(me must at all times be cognizant of the variability in histo-
chemioal and cytologiecal structure of the hepatie ecell due to
its functional activitye

No apparent increese or decrease in connective tissue fibers
or elastic tissue fibers was noted in those livers sexhibiting
focal hepatitis and telangiectasis.

Both telangisctatic areas and necroble foel were noted mecro=
scopically in the same liver end mioroscopically in the same
section.

Meny livers, designated as “"normal” grossly, exhibited a focal
hepatitis and telangiectasis microscopicallye.

Sinoe the phosphatase activity, the mitochondriasl pattern, the
Golgi peattern, the giycagen deposition and the fat deposition
within the livers exhibiting telangiectasis resembled that
observed histologically in the normal bovine liver, it is cone=
cluded that normal metaboliec processes are unimpaired in this

conditions
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28, Since the phosphatase activity, the mitochondrial pattern, and
the Golgi pattern, in those livers exhibiting a focal hepatitis,
presented a different histolcgical pioture then that observed
in the normal bovine liver, it is concluded that normal metabolic
processes are altered in bovine focal hepatitis,

29, All carcesses of which the livers showed the lesions discussed
wore passed for human foodj; no othier concurrent lesions were

evident grossly.
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