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Common in the south and said to be fatal to horses and mules. It imparts
its bitter flavor to milk.

Helenium Hoopesii A. Gray. Mountain Sncezeweed.

Common in the Rocky, the Uintah and Wasatch Mountains. Said to be
injuriona to sheep.

Achillen millefolium L. Yarrow.

It is used as n forage plant, but causes an irritating sensation of the mem-
branes and much pain in the gastric and abdominal regions, It contalns the
glucoside achillein, an amorphous bitter substance, and the alkaloid moschatin.

Anthemis Cotula L. Mayweed,

Has a very disagreeable odor and causes blistering of the skin. The plant
is carefully avoided by stock.

Anthemis arvensia L. Corn chamomile,

Occasionally escaped from cultivation, Seeds of this and other apecies
contain HCN,

Dysodia chrysanthemoides Lag. Fetid Marigold.
Commaon in the west, Dak, Ia, Neb. to Mo, Tex. The leaf bracts and

other parts of the plant are provided with large pellucid glands which produce
the characteristic odor of the plant.

Tanacetum vulgare L. Common Tansy,

Introduced into many parts of the north. Many serious and a few fatal
cases of poisoning are recorded by the use of tansy oil. The symptoms of
poisoning are varied, convulsions, violent spasms, dilation of the pupils, fre-
quent and fechble pulsc. Eleven drachms of the oil in a girl produced death in
three and one-half hours. The effect on animals is salivation, vomiting, dilation
of the pupils, muscular twitchings, followed by chronic spasms, death appears
to be caused by paralysis of the heart and lungs.

Artemisia biennis Willd. Biennial Wormwood.

Probably poisonous.

Artemisia tridentata Nutt.

Sage brush wsed as forage by sheep.

Artemisia Absinthivm L. Common Wormwoad.

Occasionally cultivated. The volatile oil of the plant is a violent, narcotic
poison, and contains the glucoside absinthiin, the alkaloid abrotin, the bitter
principle santonin.

Other species probably also poisonous.

Arnica cordifolia Hook. Arnica.

This species with vellow flowers is common in the Rocky Mountains. The
bruised leaves give off the odor of arniea. The European A. moniana is sus-
pected.

Senecio Jacobaea L. Staggerwort,

Oceasionally found in the east and cavses the Pictou disease, The Squaw
Weed (5. aureus) is common in the north, The 5. plotfensis, common in west-
ern Towa to Montana and east to Ontario, has been associated by Dr. Day with
the Missouri Bottom disease. The species are numerous in the Rocky Mountains
and may be responsible for some diseases, It is to be noted that the §. guadalen-
sir of Mexico is fatal to stock. The exotic 5. felucconus contains an alkaloid
with tetanus like action.
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- i}
Fip. 190, Absinthiom (Artewmisla absinthius),  Plant, leaves, and flowering bransh.
{Faguet).

Arctium Lappa L. Burdock,
Produces itching. Contains the alkaloid lappin,. Common weed in the

u. &.

Cirsium lanceolatum (L.} Hill. Bull Thistle,

Commanly naturalized in the north from the Atlantic to the Pacihe, It acts
injuriously in a mechanical way, Other species like €. Nelsoni, Canada Thistle
{C. arvense), C, scariosum, etc., all act in a similar way. Some species contain

HCN.

Centaurea solstitialis L. Kpapp Weed.

Common in alfalfa meadows westward., Acts injuriously in a mechanical
way, Some species, according to Greshoff, contains HCN,
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Fig- 1%p. Sneereweed {Heleminm rernsifediam ). Polsonons. Flg. 19 Bull Thistle,
(Cirmam lancrolafam). Mechanical iojuries



CHAPTER XV

CEEMIZYRY OF ALXALOIDS.
FROF. A. A, BPENHNEBIT

The tertm alkaloid is a relic of an early method of nomenclature, namely, the
method of naming substances without reference to their fundamental properties.
For example, the name, oil of vitriel, does not describe sulfuric acid except that
it has & deceptive resemblance to an oil, and was onginally produced from green
vitriol. The word alkaloid literally signifies a substance resembling an alkali.
They do form galt-like compounds with acids but bere the likeness as to speci-
fic properties ends.

It is only about one hundred years since the facts az to alkaloids began to
accamulate. The first separation of these compounds was made in 1803 by
Derogne but their basic charactet was not noted until three years afterwards
by Serturner while studying opium. Before this time many plant extracts were
krnown to contain some very zctive compounds usually called principles, but their
izolation and the determination of their composition and properties date from
the first quarter of the mineteenth century,

The first alkaloid that was prepared and reported according to the usual
method of procedure of the chemists, namely, obtaining the pure compound and
thenn determining its chief properties, was morphin. Although this was done
shbout 18056 ¥t was not until some eleven years afterwards that the report at-
tracted the attention of chemists, sufficiently to start the investigation gf other
sobatances for the presence of similar compounds with the result that new com-
pounds of this class have been separated and described each year since this date.
The property that especially characterised these compounds was their basicity, ™
i e, they formed sali-like compounds with acids, although they were but weakly
allealine to the usual indicators of alkalinity. —

~  COMPOSITION AND GENERAL PROPERTIES OF ALKALOIDS,

L'-"
" The alkaloids all contain nitrogen, carbon and hydrogen and all but twe of
Ek.ﬁm contain oxygen. A large proportion of the alkaloids are noo-volatile,
3Hd, crystalline compounds, while a frw are volatile liquids but contiin no
en. They are generally insoluble in water but are generally soluble in
hol and possess varying degress of solubility in ether, chloroform, amylic
imieohol and carbon disnlfid. These latter facts of sclubility are often made e
of %0 separate the alkaloids from each other, and from other substanced The walt-
Tie eompo unds, on the other hand, generally possess a measurable degres of
pater solubility but not in the other solvents mentioned. They differ from the
' 'f lilee potassinm and sodium hydroxids, in the fact that the malecules
ields and alkaloids unite with each other without forming other products.
s property, they resemble ammonia, HN,, when it forms such saits a» am-
Lo hlori NH,, HC1 or NH C1. Hnwcm this property does not shar-
teally belong to the so-called ‘troe alkaloids, since the amins, pusin bases,
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and ptomains react in a similar manner. -The volatile alkaloids, represented by
nicotin and coniln, possess disagreeable odors suggesting in part that—of am-
monia. The solid alkaloids, represented by strychnin, morphin, are odarless, but
have a hitter taste, often very characteristically bitter,

Physinlogically, the alkaloid i3 quite generally a very active intoxicant, acting
directly on the nervous tissues and producing results all the way from the atonic
to the strongly tonic effects. The extreme effects are seen in the muscular
excitation of strychnin and the depressing action of marphin, or, in the heart
stimilation of atropin, and the depressing effects of cocain.

OCCURENCE OF THE ALKALQOIDS.

The alkaloids are peculiarly a plant product and probably may be regarded
as a protective agency to preserve a given zpecies of plants. They are deposi-
ted in various parts of the plant but commonly in the seeds. The seeds con-
taining, as they do, the vital parts of annual plants, (and also perennials} are
protected from destruction by micro-organisms and by animals using them for
food, by the intoxicating property, just referred to. A similar case is that of
the glucoside am}'gda.lin, as found in the seeds af severa] aof the Bosaceas.
The enzyme present in the seed, under proper conditions of temperature and
maoisture, decomposes it into glucose benzaldehyde and hydrogen evanid ot prus-
sic acid, thig latter compound acting as the intoxicant.

The alkaloids are not widely distributed in the plant world, although they
are found in several orders or families of plants. Three families are especially
characterized by the presence of alkaloids, namely, the poppy family or Papav-
eraceae, night shade family, Solanaceae, and the Rubiaceae.

The basic property of the alkaloids suggests the probalility of their occur-
rence in combination with acidic compounds more or less characteristic of the
plants in which they are found, In sorie cases the so-called alkaloid appears
to be similar to glucaside, i. e. it can be hydrolyzed. For example, cocain can
be hydrolyzed into ecgonin, C H NO,, benzoic acid, CH CO H and methyl
alecohol. Others are real glucosides like digitalin and solanin. It is undoubtedly
true that the latter two should not be classed with true alkaloids, but with the
glucogides, and are like caffein theobromin in this sense, i, e, that they are
substances that have been classed with the alkaloids on superficial grounds, such
as hitter taste, but really have no cloge chemical relation with them. Caffein
and thecbramin are now known to belong with the purin compounds. The purin
compounds are basic, and hence their classification with the alkaloids,

The acids with which the alkaloids are often united are somewhat common
in plants, or in a few cases they are characteristically found in combination with
the given alkaloid, e. g, meconic acid in combination with morphin in opium,
or aconitic acid united with aconitin, Other acids form compounds with the
alkaleids in the varicus plants in which they are found, Among these acids
are tannic, citric, malic and quinic. The combinations are easily broken up by
strong bases, like potassium or sodium hydroxid, and in this way they may hbe
separated from the acids. Since the true alkaloids are generally soluble in
water while alkali salts of the acids are net soluble, the alkaloids may he
separated by treatment with potassivm or sodiwn bydroxid and filtering out the
ingoluble alkaloid. They are then further purifiedd by the formation of the
soluble salt and re-precipitating the alkaloid by an alkali., ‘The alkaloid is then
dissolved by the appropriate solvent and crystallized. Again it i{s interesting
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to note that an alkaloid rarely exists alone in a given plant, but is accompanied
by several others. For example, aconitin, as extracted from the roots of the
acomte plant, Aconitum napellus, contains nine alkaloids: in the extract from
poppies, called opium, upwards of seventeen alkaloids have been separated and
studied; 1n the so-called chinchona or Peruvian bark extracts, some thirty-
three distinct alkaloids have been isolated; strychnin iz accompanied by hrucin
in Strychnos ignatii, or Saint Ignatius bean,

CLASBIFICATION OF THE ALKALOIDS.

Owing to the basic character of the alkaloids, and the fact that they always
contain nitrogen, it was suggested that they were connected with ammonia in
some manner, and if so, that they might be readily broken down by distilling
them with potassinvm hydroxid or caustic potash, They were regacded as de-
rived or at least connected with ammonia. Hoffman, who added much to our
knowledge of the amin compounds, considered that they were of the ammonia
type and were tertiary amins. In attempting to find some reaction characteris-
tic of the amins, Gerhardt and others, heated the alkaloids wirh caustic potash,
but were wnsuccessful in obtaining any results that showed that their hasic
character was due to this structural cause, although scme of them do possess
some properties resembling the amins. Others more closely resemble the am-
monium compounds. Produocts obtained by heating some of the alkaloids with
potassium hydroxid and distilling the volatile products were found to he the
same as were obtained from the destructive distillation of bones, Later, 1834,
a study of bone oil by Runge led to the separation of a pure compound which
was shown to have the formula C_H N, known as pyridin.  Thiz was later shown
te be a cyclic (hetero-cyelic) compound, like benzene, one group “CTH" being
substituted by nitrogen, i. e, trivalent nitrogen. A nomber of alkaloids have
been shown to be constructed on this nuclevs by substituting various hydrocarbon
groups and are known as the pyridin alkaloids. :

Among the pyridin alkaloids and derivatives from them are nicotin, coniin,
atropin, cocain. The study of the alkaloids by noting the action of potassium
hydroxid proved to be a {ruitiul one. In 1842, Gerharde obtained a compound
from the destructive distillation of guinine that was a new substance. This was
named quinolin because of 1ts ongin from this alkaloid. Tt was later shown to
be etructurally composed of a benzene and a pyridin nuclens joined by two atoms
of carbon in common; the further complexity is due to substituting in this
nuclens. Most of the alkalmds are esters and are consequently guite readily
separated into the two parts of auch compounds namely the acid and bazic parts,
A study of these constituent parts gives the complete facts as to the structure
of the original compound. The esters may be decompoted by acids, alkalis, and
water.

The nucleus quinolin has been found in quinin, cinchonin, cinchonidin, strych-
nin, and brucin, and hence these compounds are known as the quinolin alka-
loide.

THE 180-QUINOLIN GROUP.

~ This group of alkaloids have a nucleus isomeric with quinolin known as the
guinolin group, Like the quinolin group, iso-quinclin has the empirical formula,
C.H;N The difference between this base and quinolin, so far as structural
constitution i3 concerned, appears in the position of the atom of nitrogen, Not



146 MANUAL OF POISONOUS PLANTS

-only is the fundamental nucleus different in the two classes of alkaloids, but
groups that enter into these nuclei are different, thus leading to a large number
«of possible compounds. To this group of alkaloids belong especially the allka-
loids of opium. For example, morphin, thebain, narcotin, narcein, papaverin,
and codein. There are also hydrastin, hydrastium and berberin.

THE PURIN GROUF OF ALKALOIDS.

These compounds are not properly included with the alkaloids but they
belong with the purin compounds or xanthin bases. The nucleus (purin) or
atomic framework, shown by Fischer to characterize the xanthin bases, such as
uri¢ acid, the xanthin derivatives, guanin and adenin, is found in caffein, theo-
bromin, theo-phyllin, compounds that are yet classed with the alkaloids. The
structural and mutual relationship of these to each other and to the xanthin bases
has been determined synthetically and hence their classification is not a doubt-
ful gquestion. The alkaloids are methyl xanthins. Caffein is a tri-methyl xan-
thin and theo-bromin and theo-phyllin are di-methyl xanthins, the latter being
an isomer of theo-bromin. The alkaloid of tea is sometimes called thein al-
though its identity with the caffein of coffee has been recognized for a long
time.

There are several alkaloids whose structural relations have not been deter-
mined, Among these are pilocarpin, colchicin, and physestigmin. Far the des-
cription of these alkaloids see statement in this text under their appropriate
heads.

PHYSIOLOGICAL ACTION OF ALKALOIDS AS DETERMINED
BY THEIR STRUCTURAL COMPOSITION.

It is within comparatively recent time that pure alkaloids have been pre-
pared and consequently that their physiological effects could be determined.
Some of these hke quinin were prepared in a fairly pure condition during the
first half of the last century but most of them belong to a later period. Atten-
tion has been called to the fact that a single alkaloid is rarely produced by the
plant amd hence in the wsual extracts from the plant thete are several allka-
loids with varying physiclogical effects, These constitutents vary in amount
according to a variety of conditions under which the plant may produce them.
Acordingly the extracts oi such plants will vary in the proportion of the alka-
loid present. For example, in cinchona bark the amount of gquinin may vary
from 2 to 13 percent. The physiological effect of the cinchona extracts will be
markedly diffcrent in such extremes of composition, 1. ¢ in reference to the
alkaloid quinin.

In 1869, Crum, Brown, and Frazer called attention to the relation of the
structure of organic compounds to their physiological effects. They were
studying the comparative action of strychnin and brucin and although their
knowledge of the structure of these two compounds was nat complete vet they
wete able to trace a relation in this case. They found that the presence of
methyl or ethyl groups strongly affected the active properties of these com-
pounds, For example, brucin is regarded as the dimethoxy-deriative of strych-
nin. The discovery that most alkaloids are built about three nuclei, namely
pyridin, quinolin, and isoquinolin added new zest to the study of the physiclo-
gical effects of certain organic groups when substituted in organic compounds.

Quinolin is a strong antipyretic and antiseptic but produces other results
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that are decidedly toxic. By introducing the organic group, methoxy CH S A
compound is produced from which several derivatives have been formed, wiur:h
possess antipyretic properties that have led to their use in medicine. These arc
known as analgen, kairin, kairolin, and thallin, Quinin differs from cinchonin
n containing the methoxy-group in place of a hydrogen atom. ‘This addition
produces a much stronger antipyretic. The antipyretic effect of the methoxy
group 18 shown in some of the derivatives of anilin, For example, anilin is a
highly poisonous compound although it has good antipyretic properties. ‘The
addition of a similar group to the one in question produces 2 compound known
az acetanilid or antifebrin. The group added, CH_CO, is known as acetvl.
In introducing the methyl group intoe acetanilid its anhpvre[lc propetties are
somewhat reduced but its anti-neuralgic properties are increased. The addition
of hydrogen to guinolin increases its toxic properties while the hydroxyl group
increases the antifebrin results. The antipyretic properties of antipyrin are
probably due to the two methyl groups present in the molecule, The ethyl
group when added to organic compounds that are poisonous, in many cases at
least, decrease their toxic character. The same is true of the aeid or carhoxyl
gronp. When morphin is heated with hydrochloric acid, water is formed, as
in hydrolysis, and a new compound known as apo-morphin,  This treatment has
developed two hydroxyl groups. This new compound is an excellent emetic
The introduction of two acetic acid groups changes morphin into a mildly
acting sedative known as herdin. Finally the purin alkaloids owe their proper-
ties to the methyl groups introduced inte xanthin i. e as distinet from the
zanthins.

The aceumulation of facts in this direction is inereasing rapidiy and some
generalization from them will do for medicine what antisepticism and anesthe-
tics have done for surgery, and change it from an empirical to a ecientific basis.

Blyth in his work on “Poisons; Their Effects and Detection™ has classified
the alkaloids and other organic poisons into the following groups.

ALKALOIDS.

First group, liguid volatile alkaloids, under which there are grouped the
alkaloids of Conium (coniin, conhydrin), tobacco (nicotin), piturie from Dwu-
botsta Hopwoodii belonging to the same family as tobacco, and spartein from
the Common Broom (Spariium scoparixm),

Jecond group, the opium group, containg the alkaloids from the Poppy, the
more important being morphin, thebain, codein, of the Morphin group; and
papaveramin, codamin, laudanin, narcotin, papaverin of the Papaverin group.

Third group, the strychnin or tetanus-producing groip of alkalaids, Under
this head are included the alkaloids strvehnin and brucin, derived from Steyef-
nos Nuxr vomica of the family Loganiacese; the alkaloids cspidospermin, que-
brache obtained from the Querbracho (Aspidesperma quebracha blanco) of the
family Apocynacese, and at least four others; the alkaloids from the Pereira
bark Ceissospernum Vellosi, pereirin; the alkaloids from Gelsemium or Carolina
Jessamine (Gelsemium sempervirens) of the family Loganicese, geliemin and
gelseminin; the cocaine alkaloids obtained from Erythrosylon cocs, cocain
hygrin, etc.; the alkaloids from the roots of the European Corvdalis cova, cory-
* dalin, corybulbin, and six others. The corydalin in large doses causes epilepti-
 form convulsicns,
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Fourih group, alkaloids aconitin, alisin, and japaconitin of the acomite
group, oblained {rom several species of Aconitum, as Aconitum Nopellus, A
heterophylium, etc.

Fifth group, the mydriatic group of alkaloids. The alkaloids of this group
are atropin, obtained from Atropa, Belladowna, and Daturar hyvoscyamin obtained
from Datura, Hyoscyamus, Scopolia carniolice, and Dubeisia (Hyoscin pseu-
dohyoscyamin being also obtained irom these plants); scopolamin from some
of the same plants as the preceding; solanin which is, however, regarded as a
nitrogenized glucoside, obtained from wvarious species of Solanum; solanidin
wilh stronger basic properties than solanin, obained from plants of the same
family ; cytisin oblained from Laburnum (Cylisws Labwrwam) of the {amily
Leguminosae, found also in gquite a number of other planiz of the same [amily.

Sirth group, the Veratrum alkaloids containing the alkaloids jervin, pseudo-
jervin cevadin, etc, obtained from various species of Feratrum as V. album, |,
wviride, etc.

Sevenik group physostigmin, the most imporiant alkaloid of the group de-
rived from the Calabar Bean (Physostigma venenosum), and calabarin,

Eighth group, containing pilocarpin, obtained from the leaves of [aborandi
{Pilocarpus pennatifolius) and four other alknloids, jaborin, pilocarpin, isopilo-
carpin, pilocarpin. Jaborandi belongs to the family Rutaceae,

Ninth growp, taxin, obtained [rom the yew tree (Torws baccota).

Tenth group, the curare alkaloids which are obtained from the Curare plants
{(Strychnos toxifera and S, Casielnaei of the family Logomiaceae. The alkaloids
are tubo-curarin, curin, etc. Protocurin obtained from the latter species is a
slightly toxic substance.

Eleventh grouwp, colchicin alkaloid ; this alkaloid i= obtained from the seeds
and roots of the common meadow-sallron or Calchicum (Colchicum antumuale).

Twelfth group, muscarin from the Amanita Muscaric or Fly agaric,

GLUCOSIDES.

The glucosides widely distributed in plants are compounds of glucose and
organic acids and are cerlainly of great importance in connection with the
poisonous principles found in plants. They have been grouped hy Blyth into:
A first group the digilafis group, consisting of digitalin, digitonin, and digito-
genin, all found in the common fox glove (Digitalis purpurea) : (2) second
group of glucosides acting on the heart and containing antiarin obtained [rom
Artaris toxicaria, the upas tree; the hellecborin and helleboretin found in Helle-
borms mger, M, viridis, H. foetidus and ecuonymin, a resinous substance found
in Wahoo (Euonymus atropurpurews) which is a powerful heart poison ; the third
group containing thevetin, obtained from [hevetia weriifolio: strophantin from
Strophanihus hispidus of the Degbane Family belong to this group of heart
poisons, but it is not a glucoside and only partly crystallizable; scillain from
squill; adonidin from the root of Adonis vernalis of the Crowfoot Family;
oleandrin from the Oleander; neriin also from the Oleander, sometimes called the
Oleander digitalin and the poison of the Madagascar Ordeal plant (Tanghinia
venenifera), The fourth group containg the :hmtihn like apocynin from the
common Dogbane, and other Apocynums; erythrophlein, convallamarin, a gluco-
side from the Lily-of-the-vallev; coronillin from Coresiliz; and cheiranthin from
Cheranthus. These behave like the Digitaling.
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GLUCOC-ALKALOIDS.

The gluco-alkaloids represent a class of compounds intermediate in con-
nection between the alkaloids and glucosides. The achillein found in Yarrow
(Ackilles millefolium) and solanin in various species of Solanum should be

mentioned, ‘The latter substance has, however, been referred to in connection
with the alkaloids.

SAPONINS.

The Saponins have been treated fully in another connection. They are
poisonous and when dissolved in water form solutions which froth, Of these
mention may be made of saponin and senegin,

OTHER VEGETAEBLE POISONS.

A third division of poisonous substances includes those which cannot be
readily clazsified and under this head is santonin, a lactone found in the heads of
Artemisia 5p. A second division of this group is mezereon obtained from
Daphne Meserewm, A third group is ergot of rye, containing echolin, secalin-
toxin, and other substances referred to at length in another connection.

PICROTOXIN, CICUTOXIN AND TOXINS.

Picrotoxin iz the active principle of the Indian Berry {Coccuilus indicus or
Mentspermum cocoulus), which contains the active principle picrotoxinin, picro-
tin and menispermin.

Tutin, a non-nitrogenous glucoside, is obtained from Cordarie sarmen-
tosa and other species.  Another poison belonging to the picrotoxin class
has been isolated from the Japanese Illiciwm onisafwm, a member of the
Magnolia Family. The plant is sometimes called the Japanese Star Anise. To

this group may also be added cicutoxin obtained from the Cowbane, the oil of

savin obtained from the common savin (Juniperusr sabing); croton oil ex-
pressed from the seed of Croton tiglium ) the toxalbuming of castor oil seed and
of Abrus; ietrogen from various species of lupines (Lupinus luiews, L. hirsutus,
ete.) 3 the toxic substances in the cotton seeds; toxic substances in various
gpecies of Lathyrus; the toxic substances in Arum; in the black bevony { Famus
commnnis) ; the toxalbumin of the black locust; and the poisonons substances
of the male shield fern.

ANIMAL AND PLANT TOXTNG,

Another group of poizonous substances 15 included under the head of
ptomaines and animal toxins, The word ptomaine is used in a rather indefi-
nite way, and is open to ohjection, but the classification given by Blyth as animal
toxin i8 also objectionable. Many of these toxine are the produocts of bacteria,
some of these poisons are, however, the products of higher plants, {(as toxin of
the black locust, Abrus), etc. The groups given by Blyth are the Amins, under
which head we have methylamin, found in the cultures of the Comma hacillus,

- and the trimethylamin, non-toxic, found in a variety of putrefying substances.

Ak

¥,
e

AMINES.

_The Aming are basic and originate from ammonia; they include the dia-
mits, belonging to the amin series, which are formed in putrefactive sub-
stances, Of these we have neuridin in putrefying substances: cadaverin, found
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in cultures of Spirillum and pultrid animal matter; mydalein, guanidin. The
cholin group includes neuridin, betain, and muscarin. The muscarin has been
referred to elsewhere. The neurin is intensely poisonous, and atropin is an
antidote to neurin. Tetanin produces tetanus. Tetanctoxin from tetanus pro-
duces tremor paralysis and violent convulsions. Mydatoxin contained in putrid
horse flesh is poisonous in large doses, causing lachrymation, diarrhoea, and
convulsions. Tyrotoxicon, isolated by Vaughan from milk, is toxic. The suso-
toxin isolated from hog cholera is said to be quite loxic.

ORGANIC ACIDS.

The last group of poisonous substancesz includes the organic acids, the most
important of which is oxalic acid. This is widely distributed both in the free
state and in combination with lime soda and potash in the vegetable kingdom.
It occurs in some species of the geranium, spinach, Phytolacca decondra, ple
plant, Rumes Aceloss and in Atrope Bellodonna, in connection with potash, In
Russian Thistle and Salicornig it occurs in combination with sodivm.  In clover,
apple twigs, begonia, and many other planis it occurs in the form of so-called
compound aggregate crysials, or rosettes of calcium oxalate, in the onion and some
other plants of simple crystals. In aroids and Virginia Creeper it appears in
the form of needle shaped crystals, known as raphides, which are formed during
the metabolism of the plant, the oxalic acid being set free and uniting with the
lime in the plant to form calcium oxalate.

Oxalic acid is commonly used by dyers and calico-printers and also by cur-
riers and harness makers for cleaning leather, to remove iron sztains, to bleach
straw, elc.

Several cases of poisoning have been altributed 1o the use of plants (like
the sheep sorrel, oxalis, elc.), that contain large amounts of oxalates.

(uite @ number of cases of poisoning from this acid are reported, especially
in Europe. The smallest dose of oxalic acid known to have destroved life, ac-
cording to Dr. Taylor, is 60 grains. Oxalic acid acts vpon the central nervous
system. There is temporary loss of voice, burning in the throat, burning in the
stomach, vomiting, especially bloody matter, pulse weak, locally it acts on the
mucous lissues.
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KEY FOR THE PLANT KINGDOM

Organisms without chlorophyll, the vegetative body a naked mass of proto-
plasm with many nuclei; reproduction asexual, spores free or enclosed in
sporangia; spores produce motile swarm spores or amochoid bodics,

A, Myrothaflophyio. 158

Cells generally with cell membrane, with one or more generations; sexual
reproductions frequently absent, the fertilized spares when present with one cell,
which later separates from the mother plant, or a several eclled body resuliing
from the fertilization of the female fructifying body. which later develops into
a new plant. B Euthallophyvia, 160

Small unicellular organisms, never green but f{requently of other colors,
blue greens, cte.; reproduction asexual by fission; spores formed in the interior
of the cell or by transformation of vegetative cells into the endospores or
arthrospores ; nuclei abaent, but a so-called “Central body™ occasionally present;
coloring matter equally distributed, [. Sehizophyta. 160

Unicellular organiams generally colorless at least mever gréen; membrane,
consisting of a chitin-like substance, occasionally gelatinous; cells frequently
with cilia; reproduction by Assion; spores when present endosporez or arthro-
SpOTES. Schizomyceles. 161

Unicellular organisms like the preceding, cells conlain chlorophyll and
phycocyanin consisting of blue, blue-green, violet, or reddish pigments; swarm
gpores absent. Schizophyceae. 184

One-celled organisms with nucleus sharply differentiated ; protoplasmic body
with a simple denser protoplasmic membrane, pseudopodia absent, motile during
most of their existence: cilia 1 or moare, and with 1 or 2 pulsating vacuoles;
chromatophores occasionally absent; rveproduction asexual by longitudinal
divigion. 1. Flagelloiae, 188

Plants occurring mostly in water, always with cell-membrane and nueleus;
~ green or other colors (brown or red) mixed with the green.
[11. Fuphyceae. 188

Small nnicellular organisms occasionally forming chain-like colonies. Cells
. possess two long cilin which arise from a furrow in the ventral surface. Found
- muastly in the plankton of salt water. Peridinales. 188

- Small one-celled organisms of brown color, the chlorophyll masked by
- diatomin found in chromatophores; cell-wall consisting of silica with a girdle
: .amll.ﬁl:lu lines; reproduction ascxual; division parallel to the long axis of the
‘organism, and the formation of auxospores and sexual, by the farmation
_ “f'iﬁmru by conjugation. Bacillariales. 188

Mﬂl green algae; membrane without silica; reproduction by division,
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swarm cells absent ; sexnal reproduction by zygospores through the union of two
equivalent gametes. (Aplanogametes). Conjugatas. 180
Chlorophyll green plants, occufring singly or in colonies (threads or fiar-
tened bodies) ; one or more nuclei, reproduction asexual by producing multilateral
zoospores and nonmotile aplanospores: sexual by the copulation of zoogametes,
or spermatozokls and oospheres; the spores produce a new plant directly or
generally produce swarm spores, Chlerophyeeae, 190
Plants of brackish or fresh water, consisting of internodes, short whorls
of cylindrical branches, cells nucleated; growth from an apical cell; asexual
reproduction by means of buolbils and vegetative threads; sexual reproduction
by egg-cells and spermatozoids, the latter are apirally coiled in the cells of the
antheridium ; the egg cell is contained in a spirally coiled structure and afrer
fertilization hecomes an oospore. Charales. 193
Brown algae, chlorophyll masked by a brown coloring matter, phycophaein;
reproduction sexual and asexual, swarm spores, sperm cells and ecgg cells;
marine ; tetragonidia ahsent. Phaeophyceae. 194
Brown algae; reproductive bodies without motion; tetragonidia present,
Dhetyorales, 194
Red or violet algae; chromatophores contain chlorophyll and a red coloring
matter (phycoerythrin and rhodophyll) ; reproduction sexual and asexuval:
mostly marine, Rhodophycene, 194
Parasitic or saprophytic plants with one or more cells, chlorephyll absent,
with apical growth; mycelium usunally evident; reproduction sexual and
asexual, generally the latter; asexual by the formation of zoospores, conidia
or spores. IV. Eumyceies. 195
The vegetative body mostly 1-celled, tubular, asexual by the formation of
spores or endospores sexval by the formation of zvgospores.
Phycomycetes. 195
Copious nonseptate branched mycelium, asexual reproduction by endospores
or chlamydospores ; sexuval by zygospores. Zygamycetes, 198
Myeelium oecasionally sparingly developed, tubular, asexual: reproduction
by swarm spores or conidia; sexual by the formation of oospores.
Oomyceles. 24
Mycelium, many celled; reproduction asexual or sexual by union of nuclei;
conidia borne on hasidia, number various, Basidiomycetes. 20
Myceliom many celled; reproduction sexual and ascxuval; the latier by
conidia ; pycnidia and spermogonia with spermatia; sexual spores in sacs known
as asci; spores called ascospores. Ascomyceles. M7
Fungi whose spores are not in sacs, or consist of sterile mycelium. Forms
like Oudinm, Ozontwm, or Mycorrhiza, Fungi Imperfecii. 2;51:’.
Organisms consisting of a fungus and an alga.  Spores either in H.H-!
{Ascolichenes) or borne like toadstools (A ymenolichenes), Lichenes. 37
Plants with stem, root and leaf; cormophyte or in some cases thalloid,
Two generations, gametophyte and sporophyte; antheridium with sperm cells;
tauhe cell absent. C. Embryophyie Zowdiogama. B
Many celled differentiated structure frequently with leaves and stem or
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thalloid in some cases. Male (antheridium) and female (archegonium) organs
are produced, Asexual spores in spore cases which open at the top, in true mosses.
L. Bryaphyte, I8

Spores alike or unlike, microspores and macrospores developing into flat
or irregular prothallia; these bear the reproductive organs, {antheridia and
archegomia) ; flowers and seeds absent; usually a well developed vascular system.

1. Preridophyta, 312

Plants with a microsporangium {anther) contaimng the mnctospores (pollen
graing) which develop a tubular body, the prothallinm {pollen tube) a macro-
sporangium  (ovule} containing the macrospore (embryo-sac) which develops
mmto & minute prothallium; this remaing enclosed in the macrosporangium;
after the fertilization of the egg cell in the macrogpore a seed ddevelops: plants
with Aowers and usually well developed tissues, the epidermis, parenchyima and

vascular. (Embryephyia Siphonogama). D Spermatophypta. 325
Orwvuales not encloged in an ovary. [. (rymnoshermae, 323
Resinous trees or shrubs; wood with tracheids, tracheae usually absent;

fruit a cone of dry or Aeshy scales. Coniferae, 327
Ohwules enclosed in an ovary. IT. Angiospermae. 332

Embryo with 1 cotvledon; stem without distinction into pith, wood, and
bark; endogenons; leaves usually parallel veined; flowers generally on the plan
of 3 1. Momnocotyledonae, 332

Flowers generally small, unisexual, regular with persistent perianth; 6 or 3
stamens; carpels free or rarely united; fruit a berry, drope or nut; embryo
small; endosperm copious. Principes. 369

Palm-like plants with palm-like leaves; flowers naked or with thick leaves
of perianth; carpel: 2 or 4 with 2 or 4 placentae. Synanthoe,

Mostly fleshy herbs or thalloid floating plants: inflorescence a feshy spadix
gubtended by a spathe or naked or reduced to few or solitary flowers on the
margin or back of a thalloid body. Spathiflorae. 370

Herbe generally with narrow leaves; flowers usually complete, their parts
mostly on the plan of 3 corolla regular or nearly so; ovary compound superior;
endasperm mealy. Farinosae, 372

Mostly herbs; flowers with a well developed perianth, uswvally regular and

- complete; usually on the plan of 3; ovary superior or inferior, compound;
endosperm fleshy or horny. Lilitflorae, 374

Large herbs; fAowers irregular; ovary inferior, compound ; composed of
several united carpels; seeds generally arillate, frequently with perisperm and
endosperm. Neitamineae, 300

Herbs, tropical species frequently epiphytes; flowers very ivregular, ar in
one family regular, generally complete and periect; parts of the perianth in
¥s or 6's; ovary inferior, compound ; seeds numerows; endosperm present or
‘absent. Microspermae. 392

Embryo usunally with two cotyledons: stem wsually with wood, pith and

- bark marked, wsually exogenous; leaves mosily netted veined:; flowers fre-
1f ﬁpm‘tljr on the plan of 5. 2, ﬂirﬂlyredﬂnmc 305

. Petals separate or distinet from each other or wanting; occasionally some
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carpels united; in one division ovules with many megaspores. In most plants
of the other division there iz a single megaspore with synergidal and antipodal

cells. (Choripetolae and Apetolae). a. Archichlamydege. 393
Tropical plants with monoccious flowers and branches with a longitudinal
ridge in which the stomata are hidden. Ferticillatag, 393
Dicotvledonous herba; petals and sepals absent; flowers small spicate with
bractlets. ; Fiperales, 396

Trees or shrubs; flowers small, in catking, imperiect; sepals and petals
none; leaves simple; fruit a many-seeded capsule; seeds with twfrs of hairs
at one end. Salicales. 39

Trees or shrubs; leaves simple; flowers small, monoecicus or dioecious, in
catkins; perianth absent; evary l-celled; style short; stigmas 23 endosperm
none. Maricales. 397

Woody plants with simple leaves; lowers, staminate spicate, pistillate soli-
taty, Balanopsidales. 399

Shrubs or trees; flowers small, dioecious, in eatking: leaves simple, alter-
nate, petioled, perianth absent in staminate flowers; pistillate, subtended by
bractlets; owvary l-celled; endosperm thin. Lettnerinles, 400

Trees with alternate, pinnately-compound leaves; flowers moncecions, with
bractlets, staminate in catkins, pistillate, solitary or several: ovule solitary,
erect; fruit a drupe, indehiscent or dehiscent, with woody husk, seed large
2-4 lobed; endosperm none, Suglondales, 400

Trees or shrubs; flowers small; calyx uswally present: monoecious, o
rarely dicecious, in catkins; pistillate Aowers subtended by an inveluere which
becomes a bur ar cup in fruit Fagales, 402

Shrubs, herbs or trees; calvx present but corolla absent; Aowers small, not
borne in catkins, moncecious, dicecious or polygamous; ovary l-celled superior,
Urticales. 404

Shrubs, trees or herbs with scattered leaves; flowers in spikes, racemes
or panicles wsually perfect; single carpel, Proteales, 413

Herbs or shrubs; generally parasitic; calyx present; corolla absent; flowers
perfect, or imperfect; a single inferior ovary; fruit varnous. Sontaloles, 415

Generally vines or herbs; leaves cordate, or reniform; corolla absent: calvx
inferior; tube wholly, ar partly adnate to ovary; flowers perfect.
Aristolochiales, 416

Generally herbs, occasionally trees, shrubs or twining vines; leaves simple,
mostly entire: fowers small, regular, perfect, dicecious, monoecions or poly-
gamous; petals absent; stamens 2-9; filaments fliform or subulate; ovary
superior one-celled; ovule solitary; fruit an achene; endosperm mealy.

Palygonaies. 417

Generally herbs, oceasionally shrubs; Aowers perfect; corolla usoally ab-
sent, when present polypetalous; calyx present; ovary fuperior: embryvo coiled
curved or annular; albumen present Centrospermae, 423

Herbs, shrubs or trees; calvx wsually of separate sepals; corolla generally

present, polypetalons; ovary asuperior; carpels many usually separate; stamens
generally free and more numerous than sepals. fanales. 444
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Generally herbs; fowers regular and perfect; petals gencrally separate;
stamens free; ovary compound, superior; free from ecalyx, fhocoadales, 479

Carnivorous plants; flower seapose; corolla with separate petals or nearly so
sepals generally distinel; stamens free; ovary compowid superior,
Sarvaceniales. 497

. Herbs, shrubs or trees: usually with petals which are separate; stamens
generally perigynons or epigynous; sepals generally anited or confluent with
receplacle which is concave: carpels 1 or more distinel or united nto a com-
pound ovary, Kosafes. 498

Trecs, shrubs, or herbs: vsually with perals which are separate., united in
some or entirely wanting ; sepals mostly distinel ; stamens few or cccasionally
more than twice as mapy as the sepals; alternate or opposite with them; ovary
compaound, superior. Crevaniales. 574

Treea, herbs or shrubs; petals usually present and separate ) sepals generally
distinet; stamens opposite usually fewer than sepals or as many, occasionally
more than owice as many; ovary superior, compound ;) ovules penduolous,

Japindales, oM

Shrubs, small frees or occasionally vines; leaves generally alternate: flow-
ers, small, regular ) stamens as many as sepals or calyx lobes alternate or oppo-
site with them; ovary compound superior; ovules erect, Khamuales. 620

Trees, shrubs or herbs: leaves simple, mostly alernate; lowers regular,
usnally perfect; sepals separate, or mwre or less uniled; petals separate, or
wanting; stamens usually numerong; ovary superior, compownd; disk incon-
SpICIOUS OF none. Malvafes. 621

Shrubs, trecs or herbs: Howers generally complete, perfect, amnd regular
or frregular in some; sepals distinel, or more or less uniled; petals almost
always present and distinet ; stamenz usually numerous ; ovary compound, super-
ior: placentae mostly parietal. Parietales. 627

Fieshv plants, leafless, or with small leaves. generally spiny Howers mostly
solitary, sessile, regular, perfect and showy; calvx tube adnate to ovary; limb
many-lobed ; petals nmumerous ; stamens numerous; ovary T-celled: ovules num-
erous; fruit a berrey, flpuntiales. 63

Shrubs, trees or herbe: leaves simple; petals nsually present and distinet :
calyx 45 lobed or entive and petals wanting in Thymeleales, superior or in-
ferior; ovary 1 or more celled; ovules 1 or numerowns, A yetiforae, 637

Herba, shrubs or trees with petals: leaves of calyx usually 8 slamens 4 1o

£ avary epigynous, adnate 1o calvx; ovule, 1 in cach eavity,
Uimbellales. 643

Petals partly or wholly united rarely separate or wanting ; coberence varia-
ble in some cases: tubular or funnel-form.  {Sympetalae or Gamopetalael.
: b, Mefochlamvdeae, 664
Flowers complete, regular with lobed or distiner calyx; corolla cleft gamo-
petalons; stamens free from corolla; ovary compotind, lirtcales, 664
Mainly herbs: corolla gamopetalous: calyx generally free from ovary;

stamens borne on corella, as many as its lobes, or twice as many, or more.
: Primulales, 675
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Trees or shrubs; alternate, simple leaves; flowers generally regular; calyx
free from ovary, inferior; corolla gamopetalous or polypetalous; stamens borne
on tube, at base of corolla. Ebenales. 679

Trees, shrubs, herbs or vines, generally with opposite leaves; flowers regu-
lar; corolla generally gamopetalous, or rarely polypetalous or wanting: stamens
borne mostly in lower part of corolla, as many as lobes or fewer, alternate;
ovaries 2 and distinet, Contortae, 670

Rarely trees, shrubs, generally herbs; corolla nearly always gamopetalous,
regular or irregular; stamens adnate to coralla tube; ovary one, superior com-
pound. Tubiflorae. OOR

Herbs frequently acanlescent or caulescent with opposite or alternate leaves;
flowers amall, perfect, polygamous or monoeccious; calyx 4-parted: corolla free;
stamens 2 or only 1; ovary sessile, superior, 1-2-celled or falsely more celled;
fruit a pyxis. Plantaginales. 730

Plants with gamopetalons coreolla; stamens as many as corolla lobes: and
alternate with them, or occasionally fewer, or twice as many; ovary compouni
inferior, adnate to calyx tube or ovary 1 or more celled; ovules 1 or more in
each cavity of ovary; leaves opposite or verticillate, Rulriales, 740

Herbs or rarely shrubs with gamopetalous corolla or occasionally petals
separate; stamens as many as corolla lobes or fewer; anthers generally united;
ovary inferior, Campanulatae. 748

MYXOTHALLOPHYTA

Fungus-like organisms without chlorphyll, regarded by some as animals;
intermediate, in some respects, between animals and plants and bhence called
Mycetozoa by Rostafinski. In their vegetative condition, they consist of naked
masses of protoplasm with many nuclei, the mass of protoplasm being called
the plasmodium which ereeps about on the substrata changing in form and
thrusting out processes called pseudopodia which may later coalesce,  After

~ Fig. 20, Blime Mould (Tweick-
il tarid. 8, Hefore germina-
giom. b, g A [Hiferent stages
in germinaiion. &, e Amoe
hobd body wilh Bagellom. Afber
e Bary.
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8. Varlows slime moulda. o=/ Club roor of Cobbage: Plasmaediphora Fraisfcars

root] b, Bpore; ¢, Spore germinating; o. Plasmodium; ¢ Cells showing l?ﬂpud
dium with branches: HSpore;
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i 4p. Eporangia; g. Elater; r. Spore.
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a shorter or longer pervod the protoplasm contracts forming hitle heaps which
contain the spores: the parts of the reproductive body are called the speranginm
or spore case, the pervdivm or the wall of the case, the #hipe or sialk, the
columella or central axis m the spore case, the copiflitivm or fine threads, and
the spores. The spores after absorbing water, germinate by breaking the wall
aid move aboidit by means of cilia; sexual reproduction is entirely ahsent.

The division Myxothallophyta includes three classes: . Aderasicae without
awarm cells; Plosmodiophorales of which the club root of Cablage, PMlasmadio-
phora Brassicae is an example {a very destructive parasite upon cabbage,
turnip, etc., in Europe and the Eastern States); and Myrogasteres which con-
tains a great many species and genera common on spent tn bark, rotten logs,
and the ground., Of the third class Stemondtis, Physorum, Lycagole and Fuligo
are common genera, No species of this class is poisonous o far as known.

EUTHALLOPHYTA

Cells generally with cell membrane, with one or more geverations, sexual
reproduction frequently absent, the fertilized spores when present, with 1 cell
which later separates from the mother plant, or a several-celled body resulting
from the fertilization of the female fructifving body, which later develops
into a new plant.  This division includes such plants as bacteria, blue green algae,
the green algae, rusts, smults, mildews, moulds, puffballs, mushrooms and toad-

stonls,
SCHIZOPHYTA.

Small unicellular organisms, never green bud frequently of other colors,
blue greens, efc, reproduction asexual by fission, spores formed in the interior
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Fig. 1% Bchizaplyta, Schizomycetes Bacterfa, 1 and 2, Boedffur swbiidie 1 and 4,
Bacilius anthracie. 1, 3 and 4x1000. 1, 3, and 4 after Frinkel and Pleiffer. 2 after Migula.
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of the cell by the transformation of vegetative cells into endospores, or by the
transformation of ordinary vegetative cells into arthrospores; nuclei absent,
but a so-called “central body” occasionally present; coloring matter equally
distributed.  This sub-division includes the Bacteria or Schizomycetes and the
Blue-green Algae or Schizophyceae.
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Fig. 20, Schizophyta. Shizomyceles. Bacteria with flagellae. 1. Planscocens cifrus
- 8 F.lﬂdﬂmunﬂr eeyones. 3. Farwdomonss symcvenne, 4. Hocillws Iyphe. 5 Spieillnm
cemma, . Sﬁnfﬂlm rabram, g 1-6x1000; all afrer Migula.

SCHIZOMYCETES

Schizomyectes is one of the two classes of the sub-division Schizophyta, All
the members of this sub-division are characterized by having no known sexual
meéthod af reproduction, multiplving by means of simple fssion or cell division.
The bacleria are distinguished from the first, or Schizophyceae, by the absence of
the blue-green coloring matter which is characteristic of these forms. The two
sub-divisions approach each other very closely ar some points, particularly among
the branched bacteria, The shape of the bacteria is vsed as the charpeter in the
separation of the families, ‘They are either rod-shaped, and unhranched,
spherical, bent, or spiral and straight and branched, and with or withowt sheath-
ing, covering, or membrane, [Five families are distinguished by Migula, Some
of these contain considerable numbers of bacteria important from their toxigenic
properiies.

Bacteria are among the smallest of living heings, some undoubtedly heing
so small that they cannot be seen with the highest powers of the microscope.
Others are large enough so that they may be seen as minute specks by the naked
eye, In other words, they vary from less than 1710 to 100 u. They may be
I.rrlnted in the case of the rod-shaped forms or hacilli, either singly or in chains.
~ The same is true of the spirilla, or spiral forms. The cocei or spherieal forms
. may be single, in pairs, in regular mass of 4 and mulliples of 4, in chains, in
rregular clusters, or imbedded in gelatinous mass forming zoogloeac. Mulli-
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plication, as before stated, 15 by simple fission or cell division. Growth takes
place very rapidly in many forms, some being capable of growing to their full
gize and dividing to form two individuals in twenty minutes to half an hour.
Under tavorable conditions, this rapidity of multiplication explains the import-
ance of the results obtained, and the products formed from such small plants.
some forms are capable of moving or swimming about by means of whips or
Hagella placed on all sides or simply at the ends. Other forms move by a
simuous or gnake-like bending of the body, Many forme are incapable of motion.
Spores are formed by many apecies; they are called endospores when formed
singly within the bacterial cell, and arthrospores when formed by increase in
size of the cells of the filament or part of a filament and its splitting into a

Fig. 21. The root twbercle ceganism  (Rbisobiwm Tegwoinosaram). 1, General view
ef root showing tubereles. 7. Boot hair and strand with enlargements st @ and & 25,
Crosg-gsection of raot at & bacterial tigsgue, 30 Cells of clover plant flled with [hi::lljl' Tilstn
nucleus at B, 26, Rod and ¥ shaped oeganisme [rom 30 more eolarged, 31, Single cell
cantzining bacteriodds, After Frank.
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number of small cells. These spores serve, on account of their great resistance
to dessication, and other unfavorable conditions, to tide the organism over until
snitable conditions once more obtain.  Bacteria are universally distribated,
abounding in the seil, in the water, and being present often in cthe air, except
at high altitudes. Normally, they are absent from the tissues of living animals
and plants, but are to be looked for practically everywhere else.  Their food
requirements are as various as their habitats. Some require the most complex
organic compounds, while others cannot live in the presence of such, but man-
ufacture their own food from inorganic substances. Most bacteria lie between
these two extremes. In respiration, some bacteria require oxygen or air, others
will not develop in its presence, Most species require an abundance of moisture
for their development, but many species will withstand a considerable amount of
drying. Light inhibits the growth and in many cases destroys the bacteria.
As 10 heal requirements, some live only in hot water, others will develop upon

the surface of ice, some best at blood heat, while most develop belween |5°
and 22* C.

FiI. 22, Sehlgo hyta. Sl’.‘l‘l.i!-.‘lfh}ﬂ::'tﬂn.. Module :Eu:r:rn'inﬁ boeterin,  R&dzakiem Qeguntin-
esarum. 1. FRoot tubercle of Luplne, 2. Crosg-section of nodule, 3. Cell showing bneterin
o BM. 4 Bacterin x 1500, After Waronin and Fischer,

Bacteria are also important in connection with the decompasition af arganic
matier. The nitrifying bacteria in the soil change the complex  albuminons
substances into nitric acid.  This uniting with a base forms nitrates. The -
bercle bacteria like Rhigobium leguminosornm are in mutual relation with
clover and other leguminous plants and are mportant in the acquisition of
nitrogen. Some bacteria play an important part in the dairy industry, the
~aroma and flavor of butter being due to these. Some, like the red milk or-
ganism (Bacillus prodigiosus), produce bad and disagreeable odors or cause
the milk to become wviscid or colored. Vinegar is produced by the aceue acid
baciflus {Bociliss aceticus). Some bacteria praduce diseases of plams like
Fire blight of apples (Baciflus amylovorns), Cabbage rot {Psendomonas com-
pesiris), Sorghum Blight, Corn wilt, ete. Some bacteria produce diseases of
insects like Foul brood of bees, Silk worm disease, ete,

-~ Bacremia; Porsoxous Proeerrixs. Tt is believed best to consider in a general
~ way, the various poisonous principles which are developed by bacteria before
- the discussion of the specific organisms and their specific poisons, Inasmuch as
~ bacteria play a very important part in nature in breaking down dead tissues of
- all kinds, destroying them and returning them to their clements, or forming
- simple compounds, it is to be expecled that among the multitude of chemical

mtances which are developed, there would be some which would be harmiful
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when taken into the body of man or animal. In fact, such decomposition pro-
ducts are known and as most of them, probably all, are hasic, containing mitro-
gen, they have been grouped with that general class of vegetable alkaloidal sub-
stances called FProwmains. [f other poisonons substances than Promains are
developed , they are not known at the present time. In addition to these poison-
ous substances that arise as decomposition, other poisonons substances are pro-
duced by certain bacteria which are strictly synthetic, that i3 not produced
by the breaking down of complex compounds into more complex forms. The
exact chemical nature of these substances is not understood, the reasons for this
being that they are exiremely upstable, 3t being impossible 1o heat them
without destroying, and they cannot be recognized by any known chemical
means, They must be distinguished and differentiated, and often detected only
by animal inoculation and experimentation. These soluble substances excreted
by the bacteria are called toxins. The term toxin is rather an unfortunate choice,
because it refers simply to their poisonous properties. In the broad sense, any
poisonous substance i+ a toxin, but in the sense in which it will be here used,
toxin indicates specific bacterial poisons exereted into the medium in which the

Fig. 23,  Bacillur cleoceas
fram eorn, couge of  carn
digeane, alao found in sewage.
Supposeil a1 one Hme o pees
diuee toxle subsiances to which
wan albributed the corm sialk
disease, Alter Bareill.

Fig. 2. Sorghuem Blak: { Bacifies _'furt.'ll'l, & Yaoring peimnl infected with the O N T,
a leal arsl skeath. v Bacilli. Modified afver Kellerman and Swingle.

organism 8 growimg, and producing upon moctulation, anfi-toxins.  In addition
to the praducts above mentioned, many bacteria undonbtedly owe their pois-
onous or intoxicating qualitics 1o the fact that the protoplasm of living matier
of the organism is poisonous or contains poisonous substances which are not
excreted into the surrounding medium, When baeteria of thiz tvpe are allowed
to grow in favorable culture media for a considerable length of time, there is
a certain amount of sell-digestion or awmtelysis which takes place and these
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BEGGIATOACEALE

Cells evlindrical. dividing in only one plane, destitute of the shesth, united
into threads containing sulphur granules, usually motile by means of the un-
dulating membrane. One genug only.

T L
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Fig. 25, Chlamydobacteriaceas and Beggintoacens. 1. Beggioloa ofba, s Sulfur gras-
ules x 800, 24, Cledotheis dichetoma; 2 Caenobium x 350, 3. Part of filament magnified
LM times, 4. Cells with Oagellae x 1000, 5 Crewobleir polyspora; o, voung threads; b,
threads separating into bodies; ¢, older threads with spores x 1000, Fig. 1, 2, and 5, after
Zopf, Fig, 3 and 4 afeer Migula,

MYXOBACTERIACEAE

In the vegetative stage these occur as swarming rod-shaped organisms held
together by a gelatinous substance secreted hy the cells; they show slow creeping
movements. They form cysts in which the spores oceur. This very peculiar
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l-'ig'. 4. !L‘irx.-:l'h.'h:l!er:ial:z:r, L hon.
.::I'rn-m%am peduncubaia. 1,  Ceners

eral form of fructification, cyst and
pedice]l. 2, Single eyst. 3. Rods
forming the mass in evst.  After
Thaxter.

group first described hy Thaxter lives on the dung of animals and in habit re-
sembles the Slime Moulds or Myxomycetes,

COCCACEAR

Micrococens pyogenes, Var. albis, Rosenbach

White-pus Coccus.
This erganism, when grown upon artificial media, produces no pigment,
otherwise it is identical with the following.

Migrococens pyogenes, Var. gwrens, Rosenbach

Golden-pus Coccus,

Infections produced. This organism, or the preceding, orf bath, are found
very generally asscciated with, and usvally as the cause of wound infection and

- suppuration ip general. They are wsually found in furuncles, abscesses, car-

buncleg, and other inflammatory processes affecting the surface of the baody.
‘When present under certain conditions in the blood or various internal argans,

. they cause pyemia, septicemia, ostemvelitis, inflammations of serous mem-

- branes such as pleuritis, peritonitis, vlcerative endocarditis, ete.
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Pathogenesia.  Infection with this micrococcus canses n marked hyper-
leucocytosiz, Itz presence in tisswes iz geperally followed by the production
of pus made up of serum, polymorphonuclear leucocytes, disintegrated Lissue,
and the bacteria, Ordinarily, the area of infection and infammation ia walled
offl by an infiltration of the surrounding tissues by these polvimarphonuclear leu-
cocvies, forming the so-called progenic membrane.

FPoisonous propertics.  In 18, Van der Velde discovered thae sterile fil-
trates from cultures of Micrococens contain an hemolysing which he termed
ctaphylotoxin,  In 190, Neisser & Wechsberg stodied this hemolytic suhatance
amnil gave to il the name staphylolysine This substance will cause the ervihroeyies
to dissolve whether within or without the body., A true toxin, levcocidin, s
produced under certain conditions. It cauges the
leucocytes to swell up aml their nuelel to disap-
pear. Leucocidin and staphylolysin differ from the
true toxing in that they are not capable of pro-
dueing anti-toxing after having been heated, 1. e,
toxoids are not formed, The normal blood
serum, however, of man and animals contams
G more or less of this anti-toxin. The presence of

H:,m_-; an endotoxin has not been demonstrated.
Q‘Q’iﬁl RE Immunity. The resistance of the hody may
Fig. 27, Tus organism {(Staphy- he heightened by immunization with pure cultures
fncocens pyogenes marews) shown in ; - . 1
irregular  bunches. Afier Fligge. af the organism. I]]l[]'lll]'lﬂ.j-' is undoubtedly due
in large part to the phagocytic activity of the levcocytes. It seemed that vir-
ulence of the organism has very little relation to the production of toxins by
themn for some very virulent types produce very small quantities of toxin.  There
is some substance secreted which is positively chemotactic to the phagocytes.
Immunization is not due to the production of bacteriolvsing in the blood.  Tm-
munte sera have been produced, but have not proven to he of any practical
importance.  Vaccination is held by Wright to raise the opsonic mdex of the
hlood: to this he attributes increased resistance.  Agglutinins are present in
normal sera in most cases, but systematic injection greatly increases the ag-
glutinating power of the blood,

Microcococus coprinis, Mohler and Washburn

Dhsease praduced. Takosis.

Animals originally infected, Angora goats.

Susceptible animals. Monse, guinea pig, rabbat.

Animals naturally immune, White and brown rat, chicken, dog, and sheep.

Pathogenesis.  Anatomically characterized by emaciation amd anemia, con-
gested pneumonic areas in the lung, splenitic atrophy, and induration, spleen
aften being attached to the diaphragm and neighboring organs by fibrous fissues,
The mucous membranes exhibit necrosed areas of mucosa and bacteria are
distributed through the blood, consequently may be isolated from any of the
internal organs,

Poisonous properties,  Microscopically, the lungs are found with many of
the terminal hronchioles and alveolae filled mucus and desquamated epithelium,
in the liver, hyperaemia with fatty degeneration oi periphery of many of the
acini, catarrhal nephritis, localized areas of parenchymalous degeneration in
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the heart; capsule of the spleen thickened v contracted. Small ntestines with
a local superficial or compleled necrosis of the glandular areas. The bLlood
examination shows polycythemia, leucocytosis, and in advanced stages, gencral
poikilocylosis. True toxins not produced.

Immunity, Filtrates seem to have some immunizing power, probably either
bactericidal or opsomic. The =ervm of immune amimals has little or no im-
munizing power. Sterilized cultures and hlirates heated for thirty minutes at
6" C. lose their immunizing power.

Micerococcus meningitidiz, (Diplococens introcellilus  meningitidis, Weichsel-
(FETITTR]

Name of discase. Epidemic cercbro-spinal meningitis.

Amimals infected naturally. Man.

Animals susceptible. None, except when imjected inlo a cavity in large
gquantitics. Subdural inoculations in most cases produce a meningitis which,
however, does not agree with that prosluced in man

Pathogencsis.  Severe inflammation of the meninges of both brain amd
spinal colwmn characterized by the production of considerable guantities of pus
The lumbar puncture and a microscopic examinntion of the pus will show ihe
organisms present in large oumbers, Probably the organisms sometimes reach
the bload stream, and gecondary infections are produced in various parts of
the body by metastisis. Tt is very probable that the organism is present in
acute rhinitis, and that the imfection of the brain and spinal cord is secondary,

Poisomons  propertics.  Lipierre extracted what he called a toxin  wilh
glyeerine, from old culture

Immunity. Second attacks ol the disease are very rare. Lipierre claims
10 have immumized animals with the toxin and with culivres produced
& preventive curative serum from immunieed ammals. Davis states that there
s developed a bactericidal property in the serum, and also agghotinins.

Micrococens lanceolatus, Fraenkel

\ Disease produced.  Acute infections pneumonia.

Animals infected naturally. Man (and domestic animals),

Animals susceptible.  Rabbit, guinea-pig, dog, and monse.

Animals immune. Chicken and pigeon,

Pathogenesis. The lungs are most frequently the seat of infection.  The
infected portion passing through several stages; first, that of congestion, in
which the air cclls become filled with blood serum and red corpuscles, the

« former coagulates, the tizsues become liver-like in consistency ; this is followed
by 2 marked invasion of lemcocvies; the comtents of the air eells soften and
~ are absorbed and discharged. In most cases of the discase, blood infection prob-
. ably occurs, consequently, in many cases, infection of varions other organs,
!1 Pleuritis is most common, then pericarditis, and even generalized peritonitis,
g ‘endocarditis, arthritis, meningitis, otitis media, conjunctivitis, osteomyelitis, and
J'f “degenerations in various internal organs, particularly the kidneys and liver.
x ~ Poisonous propertics. Poisonous substances are produced in greater or
~ smaller quantities in culture media, but no troe soluble taxin,  Presumabily,
;H‘_Hi i% present an endotoxin,  The pneumatoxin seems to be toxic toward all
organs of the body.
Immunity. Immunity is probably due largely to phagocvtosis, and ol 15
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likewise probable therefore, that it is due in large part to the opsonin content
of the blood. There are no bactericidal or anti-toxic substances formed in
immune blood. The blood serum of an immunized individual exhibits an in-
creased agglutinating power.  Tmmune sera for the prevention of the disease
have not proven a success.

Micrococens fetragenus, Gaffky

Disease produced.  Associated with the tubercle-bacillus, and probably of
importance in complicating the pus infections.

Anmmals mfected. Man and animals.

Animals susceptible, White mouse, and guinea-pig.

Animals immuone, House-mounse, field mouse, dog, and rabbit.

Pathogenesis. Inoculation of white mouse cawnses fatal bacteremia. The
organism 15 found in tubercular infections, and probably hastens the necrosis
of infected tissue, In some cages it may be the primmary infecling agenl.

Foisonous properties. Not known.

Immunity. Not known.

Micrococeus catarrhalliz, Seifert

Disease produced.  Superficial inflammations of the respiratory tract and
conjunctiva.

Amimals intected.  Man.

Animals susceptible. None of the laboratory animals are susceptible, except
when the organism is introdvced in very large guantities,

FPathogenesis. Probably the primary cause in some cases of conjunctivitis,
bronchitis, and catarrh, and in general superficial inflammations of the respira-
IOTY pAssAZEes,

Poisonous properties. MNot known,

Immunity. Not known.

L. 1.|:Z':|'U|.'|i'.!'.l'l-l.5 TEROYYieds I: OO - I
1f a heae, (Dipl s of Netsser

Dscase produced. Gonorrhea.

Animals infected. Man.

Animals susceptible. None of the laboratory animals are susceptible.

Pathogenesis. Producing a severe inflammation of the mucous membranes
oi the wrethra accompanied by blennorrhea, Secondary infection of fallopan
tubes, ovaries, wrethra, etc., may oCcur.

FPoisonons properties. Not known,

Tmmunity. Probably some immunity i developed after infection, but is
not lasting. No method of immunizing 18 known.

Siregiecocens equi, Schilz

Disease produced.  Strangles,

Ammals susceptible, Horses, asses, and their hybrids, and monse.

Pathogenesis. Producing a severe catarrh of the nasal mucosa, with a
swelling of the sub-maxillary, and pharvngial lymphatic glands, abscesses gen-
erally form in the latter. May terminate in pharvogitis in a purulent pnen-
monia or pleuritis.  Sometimes cotaneous exanthemata,  Metastatic abscesses
mav appeatr in various Iymph giands,
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FPoisonous properties. Not fully studied, but probably the same as those
of the next organism, S’rrcpmcm:cus PYOgenes,

Immunity. Not known.
Streplococens  pyogenes, Rosenbach.  (Streplococcus erysipelatos, Fehleizen)

Disease prodoced. This organism in various forms of inflammation and
septic  inflammation in general, sometimes alone, sometimes associated with
: Micrococcus pyogenes albus, and avrevs.  [ts speci-
e - fe canse, in many instances of septiceinia, pyemia,

‘gg Y phlegmon, ahscesses, boils, ervsipelas, ulcerative en-
_ e docarditis, periostitis, otitis, meningitis, pneumonia,
' ""r}'x lvmphangitis, bronchits, inflammation of the serous

M % membranes, as pericarditis, pleuritiz, peritonitis arth-

4 itis, enteritis, endometritis, tonsillitis, salpingitis, has

Fig. 28 Pus  organismbeen held by some authors to cause rheumatic fevers
f'ﬂ:ﬂ?ci‘;‘ffpugﬂmﬁ';ﬂg’m, ;Eum] also scarlet fever. Probably many so-called ter-
ter Fidgye. minal infections are produoced by this orgamsm.

Pathogenesis. The organism is one of the progenic forms reacting much
as the Micrococeus pyogenes, as has been deseribed.

Poisonous properties.  In many strains of Streptococcus pyogenes, there
ig present an endotoxin. This is little understood, however, at the present
tdme, It is found that this endotoxin varies greatly; in some cases none at all
heing found in virulent tvpes. [t is susceptible to heat; organisms killed by
chloroform being more poisonous than those killed by heat.  Virulent streptococ-
ci also produce an hemolytic toxin called streptocolysin, This s a true toxin,
The blood in fatal cases of streptococcic septicemia is often laked. The toxin
is destroved at a temperature of 70° for two hours and by peptic digestion.
Hubstances which kill the leucocytes are also present in certain strains and inhibit
phagoeytosis. Tt is very probable that the pathogenic character of this organ-
15m 18 not entirely explained by its known toxic properties.

Immunity. Immunity against infection of streptococens is probably  doe
largely to the presence of opsoning in the blood, and the consequent activity of
the phagocytes, Sera of animals which have been immunized by inoculation of
non-virulent or killed cultures seems to have some protective effect.  Such has
not come into general use, however.,  Apglutining are produced for most strains,

BACTERTACEATL,
Bacillus swipestifer, Salmon & Smith

Disease produced. [Tog chelera.  Probably not the primary canse, but as-
sociated with some unknown ultra-microscopic organism,

Animals infected, Swine,

Amimals susceptible.  Rahhbits,

Pathogenesis. Post mortem examination reveals numerous petechiae, cochy-
moses, and extravasations of blood into various tisspee, This latter is par-
ticularly evident beneath the serous membranes, The spleen 15 enlarged, soft,
and engorged. In subacute cases, large intestinal uleers are formed,

Foisonous properties. Novy gave the name sugotoxin o a poison base
which he discovered in pure cultures. This iz probably not a specific poison

ﬂf the organism, certainly not a toxic,
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Immunity. Vaccination with killed or attenuated cultures develops an im-
munity, while vaccination against this particular organism is successful, it is

not of practical importance, because of the fact that this particular organism

is not the primary cause oi the disease. Agglutination is well marked, and has
been used in diagnosis.

Bacillus piscidug agifis, Sicher

Ligease produced. No specific name given,

Animals infected. Fish. .

Animals susceptible. Frogs, mice, rabbits, dogs, and guinea-pigs upon inoc-
ulation,

Pathogencsis. Discase is marked by shoriness of breath, unrest, apathy,
and hnally paralysis.

Poisonous propertics. The filtrate of cultures i1s poisonous, also the dis-
tillate. Cadaverin, and other known ptomains have been obtained from cullures.

ITmmunity.

Hocilfuy coli, (Bacleriwm coli commune, Becherich)

Discase produced. This organism is a normal inhabitant of the intestinal
tract of man and animals but wnder certain conditions produces inflammation
of the internal organs, such as choleocystitis, peritomitis, meningitis, cystitis,
suppurative nephritis, and even generalized septicemia.

Pathogenesis, This organism is not highly pathogenic under ordinary eon-
ditions, and when found in inflammatory processes, it is generally associated
with other organisms. Undoubledly, one of the reazons why this organisum is
found in various organs in post mortems, s the lact that it gains entrance into
the blood just before death, producing the so-called agonal invasion.

Poisonous properties. Na specific coli-toxin has heen produced,

Immunity, Animals may be immunized by the injection of killed cultures,
The immunization resulting from the formation of bactericidal amboceptors and
agglutinins.

Bacillus enteritidis, Gacriner

Disease produced. Meat poisoning,

Animals infected. Man,

Animals susceptihle. Mouse, guinca pig. rabbit, pigeon, lamb, and goat

Animals immune. Dog, cal, rat, pigeon, and sparrow.

Pathogenesis. [t is believed at the present time, that many of the so-called
cases of plomaine poisoning which have occurred in the past, and been recorded

as such in medical lterature, are due to the presence of this organism, and its

soluble toxin. The organism has been isolated repeatedly from spleen of fatal
cases. The disease is contracted by eating infected meat, and is characterized
by vomiting, and violent diarrhoea, followed by collapse, head-ache, and not
infrequently urticarial or herpetic eruptions.  Anatomicsl findings are not speci-
fic, Meat undoubiedly is infected only when coming from animals sick with
an intestinal or general infection before they were slavghrered.

Poisonous properties. The crganism produces in the meat, a soluble heat-

resistant toxin in comsiderable quantitics. This toxin in Ws heal-resisting

properties, differs from most toxing and ales w the fact thar no anti-toxing
are produced. Sufficient toxin is usuvally presemt to give the first efects of the

T e ——
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disease. The organism itseli may or may not gain entrance imto the circula-
tion or organs,

Immunity. As before stated, anti-toxins are not developed. Agglotinins,
however, are developed.

Bacillug typhosus, Zopl

Dhisease produced. Typhoid fever.
Ammals mfected. Man.  Ioocalation of experimental animals usually
negative, except when injected in considernble quantitics.

. g : ; 3 *‘ » ‘_r!
3 w0
-. il kL ‘-;grﬂy. v
. i B Cirdtaes Hghe
Tig, 29, Typheid fever bacillis,  (Hacillas ieplossg),

: Beetlon from splecn showing boetercin elostered in center,
Adter Flogge,

Pathogenesis. The organism invades the solitary lymph nodes and Pever's
patches in the intestine and produces more or less necrosis and sloughing of
tssue. By means of the lymphatic channels, the inlernal organs are all infected,
particularly the spleen which becomes very much enlarged. The bacilli invade
“the blood, and hence the disease is a true hacteremia. When they lodge in bony

I,' tiasues, osteitis, periosteitis, and osteomyelitis may be produoceil.
 Peisonous properties. No soluble toxin has been discovered, an endotoxin,
b-,': ‘hh“r is present and may be secured through selfl digestion in cultures, or by
~ grinding and extracting the bodies of the hacterin,
~ Immunity, No true anti-toxin serum has been produced, inasmuch as no
‘;m has been discovered. The blood serum of typhoid patients agglutinates
3 “ﬁ.m Vaccination with killed cultures prodiuces an immunity which lasts
robably in most cases several vears. The BMood serum of animals immunizes
typhoid bacilli, but is not used because it is quickly thrown out of the

m when injected. and because it possesses very little curative gquality
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Bacillus fetan:, Fligge

Disease produced. Tetame, or lock-jaw.

Animals infected. Man, white mouse, rabhit, guinea pig, mouse, rat, horse,
10 a less degree cattle and most other warm blooaded
mammals. Most birds, amphibians, and reptiles are

\.. ITne,
P Pathogenesis,  There are no pross characteristie

anatomic changes, but micrescopic degenerative lesions
! !.\L may be found in the ganglionic cells, The disease is
% characterized u=zually by a tetapus or rigidity of mus-

f cles,
Poisonons properties, A tefanus toxin 18 pro-

& dueed in gquantitics i omedia, [t is believed to con-

Fig. 30. Tetanus Baeillus, tain two principles; the first of which, the more im-
fn*ﬁk‘”’f“:?;&“fﬂ“:m portant, affects the nerves, and is called tetanospas-
k. Spore stage. Alter A min: the second which is hemalytic in its action is
ot called tetanolysin,  The toxin 1= destrayed by gastrie

and pancreatic digestion, It has a strong affimey for
nervous tissue: in test tube, practically all of the toxin will become fxed. [t
is ahsorbed in the body by the motor emds of the nerves and passes through
this by means of the axis cylinders to the ganglionic cells.

[mmunity. Natural immunity is probably in part at least, phagocytic
nature, but the presence of a toxin in the blood or in the body canses the
production of the anti-toxin, The serum of animals immunized by toxin in-
jections, contains quantities of this anti-toxin, «o that it is ueed in immunization

against, and in the cure of tetanus,
Bacillugs botulines, Yon Ermengen ! \ \
Diseases produced,  Botulism, or meat potsomng. i!
Animals infected. Man, principally.
x = R Fig, 1"a. An primlim
A“!malﬂ ':”'t“ﬂmhh" Guinea pig. found insansage. Macoias
Animalz: immune. Dog amd rat. Modwlinus, After Jordan,

Pathogenesis. The mgestion of meat comaining bacillus botulicus is fol.
lowed, in from a day o a day and a half, by salivation, plasis, bulbar paralvsis,
and death in from 25 to 50 per cemt of the eases. N produoces degeneration
of plandular organs anid vasgeular endothelinm and corsequent hemorrhages,

Poisonous propertics.  The organism growing in meat produces a character-
istic toxin and it iz this toxin already formed which produces disease, and not
the proliferation af the organism after gaming entrance to the body, It has
been found in decomposed hams, and sausages, The toxin differs from that
of diphtheria and tetanus in that it is not digested by the gastric juice. It has
a special affinity for pervous tissues, but is not so selective as tetanus toxin.

Immunity. Immunization with the toxin resulis in the formation of an
anti-toxic sernm which may be used in immunizing aganst the disease, or in
curing. However, this disease is g0 rare that it #s of no commercial importance
in this country.

Bacillug aives, Chesire & Cheyne

Digease produced. Eunropean foul brood
Animals infected. Honey bees.
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Animals immune. None of the higher animals coniract the disease when
the organism is inoculated.

Pathogenesis. Destroys the larva of the honey bee.
Immunity. Not known.

Bacillus larvoe, While

Disease produced. American foul brood,

Animal infectedd Honey bee,

Animals immune.  All higher antmala.
Pathogenesis. Destroye the larva of the honey hee.
Poisonous properties, Not known, '
Immunity. Not known.

Bacillus anthracis-symplomaliici, Kruse

Disease produced. Black leg, Quarier evil or symptomatic anthrax.

Animals commonly infected. Cattle.

Animals susceptible. Guinea pig, hog, dog. and rabbit.

Ammals immune. Bird, horse, goat.

Pathogenesis, Irregular emphysematons pustules and areas. Muscles con-
tain dark areas with blood serum and gas bubbles,

Poisonous properties.  Doubtful, prabably an endo-toxin.

Immunity. Established by vaccination with the Bacillus altenuated by
exposure to heat and drying.

Bacillus cedematis, Zopi

Disease prodoced. Malignant oedema.

Animals infected. Horse, sheep, goat, mouse, guinca mg, rabbit, dog, pig.
chicken, and pigeon.

Animals immune. Cattle

Pathogeneszis. There iz little blood infection by the organism, but a general
emphysema of the sub-cutaneous tissues, the gos bubbles being vsually very
numercus. Any of the body tissues may be affected,

ff"

=

Yo
/.a

i
alignant Oedema. Foc- Fig. X0e, Maplignant Cad-
P Fﬂ. F1T4:=m ?Inni Bh__nm'ﬂﬂ:r :d HI'TH :lr
guinen « From lung igni, BpoTes L] .
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m properties. Not definitely known,
~ Immunity. Immunization may be affected by vaccination with attenuated
cultures. Attenvation is arrived at by passage of the organism through white
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Bacillus muriseptions, Koch

Discase produced. Mouse seplicemia.

Animals susceptible. Hog, rabbit, mouse, while rat, pigeon, and sparrow,

Animals immune, Horse, cow, ass, guinea pig, cat, chicken, and goose.

Pathogenesis, The organism has been isolated irom poizonous meat. In-
oculations produce a true bacteremia. Microscopic examination shows the organ-
ism to be present principally in the capillaries. The spleen is enlarged, but
otherwise, the internal organs show no characteristic lesions.

Poisonons properties.  Unknown.

Immunity. Vaccination with killed or attenuated cultures, immunizes, but
the serum of immunized animals possesses little curative power.

Bacillus paitticosis, Nocard

Discase produced. Epilemic pneumonia contracted from diseased parrots.

Animals infected naturally, Parrots and man.

Animals susceptible. White and gray mouse, pigeon, rabbit, and guinea pig.

Animals immune. The dog is partially immune.

Pathogenesis,. The discase 15 a true bacteremia, being associated in man
with pneumonia.

Poisonous properties,  Not known,

Immunaty,

Bacterinm influcnzae, Lelvean & Nenmann

Discase produced. Influenza in man.

Animals susceplible. Habbit, and guinea pg.

Animals immune.  Most of the other laboratory animals.

Pathogenesis, Produces purulent bronchitis, and pneumonia.  Sometimes
there is metastatic infection of other organs producing diseases such as en-
decarditis,

Paoisonong properties, The toxin is intracellular, probably an endotoxin.

Immunity. Vaccinalion and inoculation do not confer a lasting immunity,
in fact, infection in many cases tends to predispose 1o the discase.

Bacterinm concragi, Kruse

Digease produced. Chancroid, or soft chanere

Animals infected. Man.

Animals susceptible, Some of the monkeys,

Animals immune, Other laboratory animaly,

Fathogenesis. Disease produced appears livst as a small red, papule which
becomes larger, and ulcerates. The inguinal and other lymph nodes enlarge and
aleerate.  Primary infection most frequently upon the genitalia, other tissues
not frequently invalved.

Poisonons properties,  Not known,

Ienmunity.  Acquired,

Raeleviwm pnewmone, Lopi

Digease produced. Prievimonia.
Animals infected.  Man.
Animals susceptible. Guinea pig, and rabb.
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FPathogenesis. The organism, probably an avirulent type, is found in normal
galiva. Under some conditions, either alone or with other organisms, prodoces
pneumonia or metastatic endocarditis, otitis media, and tonsillitis.

Foisonous properties.

Immunity, Not permanent, prohably opsonic in nature,

Bacterium  cholerae, Kitt

Disease produced. Chicken cholera, and rabbit septicemia,

Animals infected. Chicken, pigeon, goose, duck, rabbit, and mouse.

Pathogenesis. Generalized septicemia with minute hemorrhages, peritoni-
tis, or the formation of diptheritic areas.

Foisonous properties. Not known.

Immunity, Agglutining well developed and immunization with killed or
attenuated cultures induces the formation of bacterolysins and probably opsoning,
In cultural and pathogenic character, this organism is clogely related to the

four following, all being classed under the general group of organisms produc-
ing diseazes known as pasteurellosis,

Buacterium suicida, Mipula

Animals infected. Hog. "
Animals susceptible.  Rabhit, guinca pig, and less so chicken and pigeon.
See preceding.

Hacterium sanguinarium, Moore

Digease produced. Infectious leukemia,
Animals infected. Chicken, See preceding.

Bacleriwm bovisepbicum, Kruse

Dizease produced.  Hemorrhagie septicem.
Animals infected, Cattle.  See preceding.

Baclerswm oviwm, Meoore

[hsease produced.  Roop.
Anmimals infected. Chicken.

Beacteriwm astheneoe, Dawson

Dhsease produced.  Asthenin or going light.
Animals infected.  Chicken,

Animals susceptible. Guinea pigs, and rabbits
Fathogenesis,

Poisonous properties.  Not known,

Immumty

Hreteriem antfiraees, Migula

Digeaze produced,  Anthrax or splenic fever,

Animals infected. Mouwse, guinea pig, rabbit, sheep, cartle, man.

Animale immune, Carbivora.

Pathogenezis, Oedema at point of moculation, spleen very much enlarged,
palpy, internal organs generally hyperacmic. The organism iz to be found in
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the blood in all parts of the body, Acute degenerative in parenchymatous
organs.

Poisonous properties. Neither a soluble toxin nor an endotoxin has been
demonstrated, though there iz abundant evidence in the tissues of intense in-
toxication.

Immunity. Tmmunity may be developed by the inoculation with enltures
of the organism grown at high temperatures. The blood serum of animals thus
immunized possesses some immunizing power, Opsoning are probably important.
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Bactevium necrophorus, Fligge

Disease produced. Necrosis in various organs.

Animals infected. Calves, lambs, cattle, sheep, goats, antelope, reindeer,
red deer, roe, horses, asses, hogs, kangaroos, rabbits, dogs, chickens, kite,
guinga pigs, and on experiment mice and pigeons,

Pathogenesis, The local lesion is sharply marked off, vsnally vellowish,
or of a dull brown, of a veasty consistency, and having a characteristic odor of
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Tig. J0f. Bacillis of Splenle Fever. Bacilfies anthrocis,  Epore formation and spore
ermination. A, From the spleen of a mouse after 24 bowrs colture in notrient solution,
. Germination of spores x 680, . The same x 1650, Afrer Eoeh,

old cheese and glue. Often produces a diptheritic false membrane, It has
been described as producing the following in various animals. WNecrotic derma-
titis, sheep-pox, abcesses in rabbits, necrobacillosis of the hoof, necrosis in
‘digestive fract, stomatitis, vaginitis, metritis, foot-rot of cattle and sheep,
necrotic omphalophlebitis in young animals, jointill, multiple necrosis in the
liver, lungs, and avian diptheria, etc.

Disease produced. Diphtheria.

Poisonous properties.

Immunity.

Bacterium dipktherioe, {Fligge)

Animals infected. Man.

Animals susceptible. Horse, guinea pig, rabbit, mouse.

Pathogenesis. Local and general phenomena caused by a soluble toxin, and
necrosis of mucous surfaces, and the underlying tissues, and false membrane
often forms consisting of fibrin, leucocytes, ete. There iz a mild leucocylosis,
probably due in most cases to the co-ordinate activity of streptococe.

Poisonous properties. A troe toxin is produced in the body and when
grown in artificial media. Tt is this toxin which causes the characteristic clinical
picture in diptheria.

Immunity. Injection of non-fatal doses of diptheria toxin results in the
production of an abundance of anti-toxin in the blond. This blood serum has
powerful curative and prophylactic properties, and has obtained wide usage n
- general practice.
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Bacterinm fubercuwfosis, (Koch)

Disease produced. Tuberculosis, consnmption,

Animals infected. Probably no animal 18 immune to all of the varicties
of this organism,

Pathogenesis, The disease generally runs a chronic
course, affecting practically all of the organs in the bady.
In man, characteristic lesions are to be found in the lungs, P 1\ \
in cattle generally on the peritoneum. The disease is char- ~
acterized by the formation of numbers of nodules in the tis-
sues, verving in size from a pin-point 1o that of an egg. At i'..r"'“:'
tirst, these are hard, and firm throughout, but as they grow g s0p  Tuber
lurger, generally casease, Microscopically, these tubercules ©le organisms, Bac-

2 . tevium  Iubarcnliogis,
are characterized by the presence in the center of the so- After Mobler and
called giant cells with numerous nuclei surrounded by con- Washburs,
centric rings of cpithelioid amd lymphoid cells,

Poisonous properties. Mot defnitely or thoroughly understood, but prob-
ably an endotoxin. The killed bodies of the bacteria or the product of their
growth i media when injected into animals affected by tuberculosis, canse a
characteristic temperature reaction. The material thus injected imta animals
for diagnostic purposes, s called toberculin, and is in general used in veterinary
practice,

Immunity. Agglutining are produced in infected animals. Recovery from
the disense occurs in many cases doubtless from the walling in of the bacteria.
Artificial immunity may be experimentally produced by increasing the opsonic
content of the blood, but as yet no accepted method of immunization has been
developedl.

Bacteviwm analles, (Loffler) Migula

Liisease produced. Glanders, and farey glanders.

Animals infected,  Usually the horse and ass.

Animals susceptible. Man, goat, cat, hog, field mouse, wood mouse, rabbit,
guinea pig, hedge hog.

Animils immune. Cow, house mouse, white mouse, amd rar.

Pathogenesis. The lesions wsually appear in the horze and a3 in the form
of discrete, sharply marked wleers upon the mucous membrance of the nose.
The uleers onee formed generally remam open and continue to discharge pus.
The lymphatic glands are infected, and generally the submaxillary glands en-
large and uleerate.  Intection of the lungs often occurs through inhalation.
Another type of the disease 18 characterized by mfection of the sub-cutaneous
Iymph chamnels, which become enlarged and uleerate, breaking through the skin
at various points,

Poisonous propertics.  This organvism produces some poisonous principle
symilar m a sense o that found m fuberculin and under the name of mallein
18 uscd in the diagnosis.

Immumity,  Suceessiul tmmunization of avimals againse glanders has noe
been accomplished,

Bacterinm leprag, { Hansen) Lehmann Neumann

Disease produced.  Leprosy.
Animals infected. Man.
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Animals immune. Laboratory animals.
Pathogenesis. The organism is found present in leprous nssues, almost
filling the cells in many instances, Several types of leprosy are differentiated

Fig, dth. Glanders bacillus, o, Sectlon throogh “glanderea)™
tisstie, the small reds massed or single. b Bacilli stained with

methyl-blue,  Afrver Flogge,

on the basis of the organ or tissues in the body infected. Tn many of its
aspects, the disease resembles tuberculosis

Poisonous properties, The organism has not been successfully eultivated.
FPoizons are unknown.

Immunity,

Hacterium peatis, Lehmann-Neumann

Disease produced.  Bubome plagoe.

Ammals infected.  Aan.

Animals susceptible.  Rat, guinea pig, monkey

Pathogenesis, Infection wsuallv  cutaneous.  The Dymph  glands  hecome
swollen, and hemorrhagic and undergo morve or less extensive necrosis, pen-
eralized septicemia in many cases, pneumonia and hemorrhages in varioos
mucong membranes, espectally m the stomach and endothelial suriaces, such as
the pericardium and in verious parenchymatous organs, with extreme degencra-
tion of the Iatter. Spleen swollen,

Polzonouws properties,  The woxic sobstance i3 obscure, The filtrates from
young cultures usnally show little, or no toxicity | the older, more. The toxic
substance seems 1o be susceptible to heat and is present in enlures killed hy
ehloraform,

Immunity. Dmmunity mway be conferred by the dnfection of sterilized or
attentiated cultures, and this vaccination is practiced 1o some Asiatic conntries.

Microspira commoe, Schrocter

Digease produced. Asiatic cholern,

Animals infected. Man,

Animals susceptible, Laboratory animals natwurally are immune to the
disease, but by preventing peristalsis, and newtralizing the acid gastric juice,
. some experimeiiters have sicceeded in producing the disease, The guinea pig
is susceptible to intraperitoneal inceulation,
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Pathogenesis, It it essentially an intestinal disease, the organism living
within the intestines, The characteristic lesions are produced through the
absorption of the poisonous matters there produced. Large and small intestines
deeply congested, diarrhoea, Peyer's patches and glands swollen, eventually
mucosal necrogis in part. Uleers eventually form, though perforations are rare.
The parenchymatous organs show marked signs of degeneration; the vascular
system, the nervous and respiratory systems show no characteristic lesions.

Paoisonous properties, The essentfial poisen is intracellular, undoultedly an
endotoxin It iz found in the fltrate of old cultures and in zolution of bacterial
cells,

Immunity. Proaduced by considerable quantities of bacteriolysing and prob-
ably opsonins. Agglutining are also produced. Vaccination with killed or at-
tenuated cultures has proven [airly successful, but not the use of the blood
serum of immunized individuals as a curative or a prophylactic agent.

SPIRILLACEAE
Kpirochacta pallida

Disease prodoced.  Syphilis,

Animals infected, Man and ape.

Animals immune. Other animals.

Pathogenesis. Produces primary lesions in form of ulcers at the point of
inoculation, second as gummata in the parenchymatons organs.

Poisonous properties. Not known.

Immunity. Not well understood.

Spirachaeta anserina, Sakharofl

Disease produced. Goose septicemia.
Animals infected. Goose,

Animals susceptible.

FPathogenesis. Producing sephicenna.
Toumunity.

Spivochaeia Obermeieri, Cobn

Disease produced, Relapsing fever,

Animals infected, Man,

Animals immune. Mouse, rabbit, sheep, and hog,
Pathogenesis. Produces relapsing fever in man.
Tmmunity.
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CHLAMYDOBACTERIACEAE
Cladothivir bowis ( Bollinger)

The mass consists of ceveral distinet zones of different elements, the central
portion granular with small round bodies radiating out irom this tangled mass
of thread-like bodies, the outer portion consisting of conspicnons club-shaped
er'onies,  The organiem is quite polymorphie.  Tn cultures the threads are from
310 to 5-10 p in thickness with flask-shaped or hottle-like expansions. The
organism may he grown wpon all the artificial media, The colonies appear as
small gray dots with transhicent, radiating filaments.  Tf kept for & few dave at
7% . they are opague and nodolar, later they show a whitish downy appear-
ance, In blood serum the nodiles are yellowish or hlood-red in color; on agar
agur the color becomes brownish with age; on potato, reddish-yellow and the
white down makes its appearance early.

Distribution. Widely distributed both in Evrope and North America.

FPathogenic properties.  The organiasm was discovered by Langenbeck in
1845, but was not described ontil 1878 by Bollinger.  Tsrael in 1874-F2 called
attention to the diseate in man, and Bostrom in 1#99 made a careful study of
the diseaze, The disease is not common in man but eases have heen described
by Murphy and Ochsner and Senn of Chicago, Two of the eases described by
Murphy began with tooth-ache and swelling of the jaw.

The disease mav be cavsed by direct incculation of pas bul there 18 good
reagon to believe that not an infrequent source of infection is by means of
barley and other grains. There is reazon to helieve that 3 ocours in nature
a5 a sapraphyte. The history of manv cases reported in oman seem to indicate

Fig. 305, Lumpy Jaw Cledetheir bovds showing the radiating masses. At the left, the
elub-ghaped bodies and branches (Afier Ponick), At the right, onme of the millet like
bodies less magnified. Aflter Fligge.
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this kind of infection and it is a well-known fact that certain helds are the
gsource of infection. Dr. MeFarland =avs;

When inbaled. the ocrganisms enter the deeper portions of the lung and cauee a
suppurative broncheopnepmonia with adheslve iofammotion of the contiguows plearn,  After
the foemation of the pleveitie adbhestons the disense may peneteale the sewly formed tissie,
extending to the chestwall, and oltimacely form external sinpses; or, it may peactrate the
diaphragm anpd invade the abdeminal organs, causing Intereating and chacaeteristie lesiens
in the lwer and other large wiseera.

Another allied dizease is the Mycetoma, or Madura-ifcol [ Cladrotiie ma-
durcac)y, which is found in India, especially in the province of Scinde, but
accurs also in other parts of Asia, in Europe and northern Africa, and a few
cages have even been reported in North America,

Another Cladrotheir farcimica, found in Guadaloupe country, 18 character-
ized by oa superhcial lvmphangitis and lyvmphadenitia extending 1o the tracheal
and axillary plands, The glands enlarge. suppurate, and discharge a2 pus.
The internal organs have a psendo-tubercular appearance.

The organiam conzists of long delicate fHlaments, characterized by distinet
branching ; the old cultures are rich in spores. The organism has been enlti-
vated i the nsual media. ;

It is pathogenic for giinea pigs, cattle and sheep. The cnlture 15 vienlent
for some time.

The papers by Nocard on the farcinica organism amd a paper by Musgrove,
Clege and Polk on streptothrix should be consulied,

SCHIZOPHYCEAE

Unicellular organisme common in fresh amnd salt water. They contain blue,
blue-green, violet, or reddish pigments; swarm spores absent; are conumon in
fresh and salt water; simple in strocture; existing as a single cell or as a
chain held together by a gelitinous envelope, or in small colomies: chlorophyll
and other pigments not in delinite bodies but distributed throughout the eell-
contents ar else forming a sheath which lines the cell-wall; reproduetion oecurs
by simple division; some forms produce spores which are thick walled thus
enabling the organism to live over unfavorable conditions; afrer a period of
rest these spores germinate and again reproduce in the vegetative way hy
fission or division. Some of the more common, more or less injurious types
found in water are Oscillalorie, Awabacno, Clathrocystis and Nostoe, Cells
contain phycocyanin and chloroplyll, the latter not visible becanse of the Tormer.

CHROODCCACEAE

Cells spherical, singly or collected in colonies surrounded by a copious cov-
ering of mucilage forming gelatinous colonies of varions sizes. The genus
Merismopedia consists of flat rectangular colonies,  Cell-division occurs in two
directions. The genus Gleocopse has spherical cells united into colonies, the
ecll with a thick colorless, brown yellow or violet coat. Some of the species
are coammon i fresh water,

Clathreocystis, Hendrey

This alga cccurs in colonies which are at Grst solid, but later become perior-
ated. The colonies are held together by a gelatinous matrix.  The cell contents
are blue green, or rose-purple in color. The species most commonly found 13
the C. eeruginesa, occurring not only in Europe, but very widely scattered in
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