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THE FIERST EDTEETO N

Tue Lectures which are now published were first given in
November, 1852, at a laboratory adjoining King’s College
Hospital (27, Carey Street, Lincoln’s Inn Fields), which I had
arranged for the study of those branches of chemistry and
microscopical enquiry which have a special bearing on medicine.
Several courses of lectures and demonstrations were given during
the seven succeeding years ; but of late, increased work in other
departments has prevented me from devoting so much of my
time to this branch of teaching.

The course on urine included oral lectures and practical
demonstrations, in which every pupil performed the experiments
with his own hands, according to the directions given in the
- Tables, which will be found at page 440 of the present work.

The lectures were first published in the “ British Medical
Journal,” and are now printed in a collected form, with several-
additions. I have endeavoured to restrict myself, as far as
possible, to those parts of the subject which are of practical im-
portance in investigating the nature of a case. It must be borne
in mind that the Lectures were given to practitioners, most of
whom had far larger experience in practice than myself. Little
advantage, therefore, could have resulted under these circum-
stances from discussing special questions connected with the
treatment of disease, and almost the whole time was devoted to
the practical examination of the urine and urnary deposits by
the microscope, and by applying the appropriate tests. I have
thought it right to retain this character in the present work,
and only a few very general remarks will be found with reference
to the treatment of urinary diseases.

I have had frequent occasion to refer to numerous works, and
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EXPLANATION OF THE PLATES.

STRUCTURE OF THE EKIDNEY,

Plate I. Fig. 1. Diagram showing the general anatomy of the human
kidney as seen upon section. About two thirds the natural size,
The scale at the side i1s divided into eight spaces representing
half inches, p. 2. Fig. 2. Thin section of a portion of the human
kidney. Fig. 3. Arrangement of the secreting structure and
vessels of the kidney of man, magnified about 50 diameters,

Plate II. TFig. 4. Part of the cortex with the commencement of the
medullary portion of the human kidney, magnified 15 diameters.
Fig. 5. Unniferous tube with dilated extremity which embraces the
vessels of the Malpighian tuft. Fig. 6. Small artery with tuft and
capillary network, p. 6.

Plate III. Fig. 7. Convoluted portion of uriniferous tube with epithe-
linm from the cortical portion of the kidney. Fig. 8. Straight
portion of uriniferous tube from the base of a pyramid. Fig. g.
Epithelium from the pelvis of the kidney in part tessellated and in
part columnar. Fig. 1o. Epithelium scraped from the surface of a
pyramid. Fig. 11. Epithelium from the ureter, entirely columnar.
Fig. 12. Columnar epithelium from the urethra, p. 6.

Plate IV. Fig. 13. Vasa recta in the pyramidal portion and Malpi-
ghian bodies in the cortical portion of the kidney. Fig. 14.
Capillary vessels from Malpighian tuft of human kidney showing
the nuclei connected with their walls. Fig. 15. Thin section of
healthy human kidney slightly washed in water. Fig. 15a. Urini-
ferous tube bent upon itself, at #, in the pyramid of the kidney.
The looped tube of Henle. Fig. 16. Epithelium from a urini-
ferous tube. Human kidney. « treated with acetic acid. Fig. 17.
Epithehum from the pelvis of human kidney. Fig. 17a. Young
and growing Malpighian body of a child's kidney. The muscular
fibre cells are seen on the artery quite close to the Malpighian
body, p. 12. Fig. 18. Epithelium from the ureter.

Plate V. Fig. 19. Part of the convoluted portion of a uriniferous tube
from the newt’s kidney, showing capillary vessels and nerve fibres
and the thickened basement membrane continuous in structure
with the connective tissue. Fig. rga. Malpighian body and tube
of the newt’s kidney. Fig. 20. Ganglia. Hilus of kidney. Young
pig. Fig. z1. Ganglion from the pelvis of the kidney of a boy
three years of age showing small arteries and capillaries, nerve
cells, and bundles of nerve fibres. Fig. z2. Delicate nerve fibres
entering into the formation of the bundles connected with the
ganglia of the kidney, showing their arrangement and their nuclel
Fig. 23. a. Section of cortical portion of healthy kidney (human)
washed and examined in water. The capillaries were not injected
and having collapsed and shrunk exhibit the fibrous appearance
which is considered to depend upon the matrix. 4. Section of

b
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nucleus of the capillary wall. Acute suppurative nephritis. Fig. 4
Portion of a cast magnified 700 diameters with cells in the centml
part resembling white blood corpuscles which have probably
multiplied while they were entangled in the coagulable material
of the cast. Fig. 45. Casts containing cells like pus and
blood corpuscles. Acute suppurative nephnus, three days
before death. Flg 46, Small casts formed in the convoluted
portion of the uriniferous tubes, which have become embedded
In transparent material during their passage down the straight
portion, p. 48.

Plate X. Fig. 47. Portion of a cast with distinct cells, showing nuclei
and granular contents. Fig. 48. Bodies found between the
capillaries of the Malpighian body and the walls of the capsule.
Case of acute suppurative nephritis. Fig. 49. A portion of one of
the capillary loops of a Malpighian body distended with modified
white blood corpuscles Fig. 50. Separate cells found in the urine.
Case of acute suppurative nephritis. Fig. 51. Malpighian bodies,
showing different degrees of wasting. Fig. 52. Tubes of the
kidney degenerated and wasted. Fig. 53*. Dumb-bell crystals
of oxalate of lime impacted in the tubes of a kidney, forming
minute calculi. Fig. 53. Multiplication of masses of germinal
matter about tubes prior to wasting. Fig. 54. Portion of a tube
from the cortex of the kidney of a healthy cat, containing much
oil. Fig. 55. Malpighian body and portions of uriniferous tubes
with capillary vessels containing much oil. From a kidney of a
diabetic, p. 48.

Plate XI. Fig. 56. a, wasting tube with oil globules in the interior ;
b, a tube containing a transparent waxy cast, with germinal matter
resulting from altered epithelium. Fatty and contracting kidney.
Fig. 57. Thin section of the cortex of a fatty and Eunt]‘actmg
kidne;-,r, showing the remains of tubes and vessels in what is
generally considered as the ‘matrix.’ @, the remains of a tube
appearing as a connective tissue corpusclc &, small artery with
thickened walls. Fig. 58. Section of cortex f:if' fatt}r and contract-
ing kidney. Fig. 59. Epithelium of tube much altered. Walls of
tube much thickened. X 700. Fatty and contracting kidney.
Fig. 6o. Loops of vessels of the Malpighian tuft distended with
granular matter and containing oil globules. Fig. 61. Capillaries
Malpighian body. Fatty and contracting kidney. Bacteria are
seen in the interior of the vessel, the walls of which are very much
thickened. Fig. 62. Portion of very transparent matrix showing
the remains of uriniferous tubes. Fatty and contracting kidney.
Fig. 63. Portion of altered tube witha bud growing from it. Fatty
and contracting kidney. Fig. 63* Section of uriniferous tubes
In various stages of wasting and degeneration. Fatty and con-
tracting kidney. In some of the tubes there is much oil, p. 64.

Plate XII. Fig, 64. Section of cortex of kidney undergmng contrac-
tion and fatty degeneration. At @, the process of wasting is com-
plete ; at &, a portion of the matrix showing varying size of the
mbea Under the low magmt"ymg power of 4o the wasted tubes
and vessels cannot be seen in the specimen. At ¢ much fatty
matter with crystals, probably of cholesterine. Fig. 65 Section of

an amyloid kidney showing altered tubes, with increased number
b2
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urinary deposits. Fig. 19. Box containing bottles with capillary
orifices, spirit-lamp, urmumeter and glass, and other appliances and
'11::1;ar'1l;u'-: necessary for minute te.&tmg, P 04.

Plate I11. Fig. 20. Pocket or clinical microscope, half the real size.
a, tube with eye-piece ; &, tube carrying object-glass; ¢ tube in
which the last slides with stage ; ¢, clamp for fixing prepamtiml
Fig. 21. Clinical microscope w1th stand and lamp as arranged for
class purposes. Fig. 22. The stage, side view of the clinical
microscope showing position of the spring. Fig. 23. Sectional
view of cell for examining urinary depmlts Fig. 24. Neutral tint
glass reflector. Fig. 25. Scale divided into 1,000ths of an inch
and magnified 215 diameters, for measuring I:he size of objects
in the microscope. Fig. 26. Manner of drawing objects from the
microscope with the aid of the neutral tint glass reflector, p. 96.

Plate IV. Fig. 27. Burette holding 5o cubic centimetres and graduated
to half cc, mounted in its stand and arranged as in making
analyses. Frg 28. Filter used in volumetric Ell'l:l.l}‘iE'% for filtering
off clear solution from precipitate. Fig. z9. Double burette stand
graduated to dem., with flasks and pipettes used in volumetric
analyses. Fig. 30. Pipette. Fig. 31. Another form of pipette.
Fig. 32. Arrangement for collecting deposit from a very small
quantity of fluid. Fig. 33. Apparatus arranged by Dr. Handfield
Jones for estimating the proportion of urea in urine, p. 104.

ILLUSTRATIONS OF THE SALTS OF THE URINE.

Flate I. Fig. 1. Crystalline residue of healthy urine obtained by con-
centrating the liquid over a water-bath : @, spherical masses con-
sisting of aggregations of crystals of urate of soda. Many of these
are seen deposited upon a film consisting of phosphate of lime
and ammoniaco-magnesian phosphate; &, cubical crystals of
chloride of sodium ; ¢ octahedral crystals of chloride of sodium
which crystallised m this form in the presence of urea; 4, large
crystals of common phosphate of soda ; e, sulphates; f, urates.
Flg 2. Cr:ratals of 1 morganlc salts of health}r urine, ubtmnm‘l b}r
incinerating the dry residue, decarbonising it and extracting it with
water. ']he solution bcmg concentrated to the proper degree
readily crystallises : a, crystals of common salt obtained by evapo-
rating the solution nearly to dryness; &, crystals of common salt
in a concentrated solution ; ¢, crosslets of common salt obtained
by evaporating the solution very rapidly ; &, crystals of phosphate
of soda ; ¢ crystals of sulphates, p. 130.

Plate Ia. Fig. 3. Chloride of ammonium. Fig. 4. Crystals of uric
acid. Fig. 5. Oxalate of urea, obtained by adding oxalic acid to
urine. Fig. 6. Crystals of indigo : @ and # obtained by sublima-
tion ; ¢, small erystals in fluid. Fig. 7. Nitrate of urea: g, crystals
obtained from urine; #, crystals of pure nitrate of urea. Fig. 8.
Crystals of uroglaucine from urine : @, small masses of a blue
colour; #, composed of small spherical particles; ¢, crystals of
uroglaucine of a deep purple or violet colour. Fig. g. Urea
obtained from urine. Fig. ro. Crystals of hippuric acid, p. 130.

Plate II. Fig. 1. Urea obtained from urine crystallised in its own
mother liquor. Fig. 2. The same as fig. 1, examined in the dry
way. Fig, 3. Small crystals of urea formed in a concentrated
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sugar fungus from diabetic urine. Fig. 3. Fructification of yeast
fungus. Fig. 4. Human kidney, showing greatly dilated pelvis and
calyces, shrunken pyramids and diminished cortical portion.
Fig. 5. Modification of Mitscherlich’s saccharimeter for deter-
mining the proportion of sugar in fluids. Fig. 6. Flask adapted
for the estimation of carbonic acid gas, used in determining the
proportion of sugar in fluids by the fermentation test, p. 252.

Plate XII. Fig. 1. Mode of crystallisation of diabetic sugar. Fig. 2.
Separate crystals of diabetic sugar. Fig. 3. Crystals of leucine
from urine. Fig. 4. Crystals of leucine from urine. Fig. 5.
Crystals of tyrosine. Fig. 6. Cystine from urine, p. 280.

ILLUSTRATIONS OF URINARY DEPOSITS—EXTRANEOUS MATTEERS.

Plate I. Fig. 1. Portions of hairs from a blanket. TFig. 2. Fragments
of human hair. In some the central canal occupied with the soft
cells of the medulla is represented. Fig. 3. Fragments of cat’s
hair. Some near the apex and others close to the root of the hair.
Fig. 4. Fibres of silk : @, white siik ; 4, black silk. Fig. 5. Scales
of moth, p. 2409.

Plate II. Fig. 6. Cotton fibres. A small fibre in the upper part of
the figure is seen to be twisted round a larger one. Fig. 7.
Portions of flax fibres. Fig. 8. Portions of feathers. The
knotted pieces represented are obtained from the lower part of
the shaft of the feather. Fig. 9. Fibres of deal wood swept from
the floor. Fig. 1o. Elements of dust swept from a shelf, p. 296.

Plate III. Fig. 11. Potato starch. Its appearance in water. Fig. 12,
Wheat starch in water. Fig. 13. Rice starch in water. Fig. 14.
Testa of wheat. External and inner coverings of the wheat grain.
Fig. 15. Bread crumbs in water. The starch granules are swollen
and softened, but still preserve their form. Fig. 16. Cells of tissue
of potato in which the starch is contained. A few of the cells are
filled with starch granules, p. 298.

Plate IV. Fig. 17. A portion of tea- leaf. Fragments of spiral vessels
are seen projecting from several parts of the margin. Fig. 18.
Air bubbles. Appearance in water. Fig. 19. Oil globules. Milk.
Fig. 20. Oil globules, some free and some contained in cells.
Fig. 21. Globules, consisting of phosphate of lime ; from urine.
Fig. 22. Extraneous substances frequently met with in urine.
Fig. 23. Epithelium and fungi from the mouth. Fig. 24. Portions
of partially digested muscle. From vomit, p. 3o0.

Plate V. Fig. 25. Urate of soda, obtained h}? concentrating healthy
urine. Fig. 26. Molecular fatty matter of chylous urine. Fig. 27.
Urate. Ordinary granular deposit usually termed urate of amm::-ma
Fig. 28. Crystals of cholesterine obtained from the fatty matter in
casts separated from the urine of a case of fatty degeneration of
kidneys. Fig. 29. Pus and blood corpuscles with crystals of triple
phosphate, from the urine of a man suffering from fungus growths
connected with the mucous membrane of the bladder. Fig. 3o.
0il globules of milk, p. 312.

Plate VI. Fig. 31. Mucus and mucus corpuscles. Urine. In the
upper part of the figure to the right several cells of bladder

. epithelium are represented. Fig. 32. Penicillium glaucum
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spermatozoon containing much germinal matter ; &, the same seen
edgeways ; ¢, spermatozoon containing comparatively little germinal
matter ; &, spermatozoon, crushed, showing separate spherical
particles of germinal matter, p. 330.

Plate XI. Fig. 76. Spermatozoa and crystals of phosphate of ‘urine
from the seminal fluid. Fig. 77. Waxy casts: ¢, of large size ;
b, small waxy casts. Fig. 78. Casts containing oil globules and
free fat cells from a case of fatty degeneration of the kidney.
Fig. 784. Small granular casts from the urine of a patient suffering
from chronic nephritis. Fig. 79. Large casts, some containing
many cells, others consisting of a perfect transparent wax-like mate-
rial. Fig. 8o. Epithelial casts: @, casts containing cells of epithe-
lium ; &, casts containing granular matter ; from urine of acute dropsy,

. 340.

Plate XII. Fig. 81. Mucus castfrom the straight portion of the urinife-
rous tubes, showing the manner in which the large renal tubes
divide and subdivide as they pass towards the base of the pyramids.
Fig. 82. Mucus casts with dark brown urate deposited upon their
surface and in their substance. Fig. 83. Waxy casts of large and
small diameter. Fig. 84. Portion of a mucus cast which has been
formed around a smaller or serpentine one. Fig. 85. Casts con-
taining blood corpuscles, from a case of acute nephritis, p. 342.

Plate XIII. Fig. 86. Epithelial and granular casts from the urine of a
woman suffering from acute nephritis with dropsy: e, epithelial
casts ; &, casts containing brown granular matter and blood cor-
puscles ; ¢, granular casts of a brown colour, many of them con-
taining a few oil globules ; &, squamous epithelium from the vagina ;
¢, epithelium from the bladder; £ cells containing oil globules;
& portion of a cast containing oil globules; 4, circular granular
cells ; 7, fibre of flax ; £, blanket hair. Fig. 87. Casts from a case
of chronic nephritis: @, dark granular casts; 4, casts containing
small granular cells and white blood corpuscles; ¢ waxy casts ;
d, large cast flattened by pressure, containing white blood cor-
puscles ; ¢ portion of a cast containing a large cell filled with oil
globules ; £, pus corpuscles; g collections of small oil globules;
/%, large cell containing smaller cells ; 7, portions of cotton fibre ;
%, piece of very thin human hair ; / fragment of flax, p. 346.

Plate XIV. Fig. 88. Casts. Acute inflammation of the kidney, from
the urine of a man, age 45 : a, perfectly transparent wax-like casts ;
b, a very long wax-like cast; ¢, casts filled with cells resembling
pus corpuscles, but somewhat larger; #, the same cells free;
¢, portion of feather ; /, piece of cotton fibre ; g portion of human
hair ; /4, flax fibre, p. 348. ) :

Plate XV. Fig. 89. Casts chronic nephritis : &, casts of large diameter
containing granular matter scattered round them unequally ; &, a
very long clear and perfectly transparent cast containing minute oil
globules here and there ; ¢, dark granular casts ; 4, large masses of
granular matter many of them appearing like granular cells ; most
of these are derived from the mucous membrane covering the glans ;
¢, cells of renal epithelium ; f, masses of squamous epithelium ;
g, free oil globules; 4, portion of cotton fibre ; 4, portion of feather,

~ " 350
Plate XVI. Fig. go. Casts containing oil, from the urine of a case of
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Plate XXIII. Fig. 125. Pus corpuscles exhibiting very active move-
ments. From the bladder of a case of chronic inflammation,
showing alteration in form due to vital (?) movements. Fig. 126.
Pus corpuscles from urine. Fig. 127. Pus corpuscles which have
been acted upon by acetic acid. Fig. 128. Pus corpuscles under
the action of acetic acid: @, action commencing; &, complete.
Fig. 129. Pus corpuscles showing protuberances.. Fig. 130. Forma-
tion of pus from germinal matter of epithehum. Fig. 131. Growth
and multiplication of pus corpuscles. Fig. 132, Multiplication of
pus corpuscles, p. 304.

Plate XXIV. Fig. 133. Groups of crystals of uric acid, often termed
“ Cayenne pepper” grains, with octahedra of oxalate of lime.
Fig. 134. Masses of small uric acid crystals. Fig. 135. Beautiful
aggregations of uric acid, p. 384

Plate XXV. Fig. 136. Large fiddle-shaped plates of uric acid. Fig,
137. Uric acid from urine. Fig. 138. Curious forms of urc
acid from urine. Fig. 139. Large halbert-shaped crystals of uric
acid : @, “ Cayenne pepper” grain. Fig. 14o0. Minute crystals of
uric acid, p. 384.

Plate XXVI. Fig. 141. Curious lamellar crystals of uric acid perfectly
colourless. Fig. 142. Lozenge-shaped crystals of uric acid precipi-
tated by the addition of acid to urine. Fig. 143. Crystal of uric
acid from urine. Fig. 144. Diamond shaped crystals of uric acid,
obtained by adding acid to urine. Fig. 145. Common forms of
uric acid crystals. Fig. 146. Rhomboidal and cubical forms of
uric acid from urine. Fig. 147. Large crystals of uric acid depo-
sited in urine after standing, p. 384.

Plate XXVII. Fig. 148. Rhomboidal erystals of uric acid. Fig. 149.
Curious forms of uric acid deposited in the urine of a case of fatty
degeneration of the kidneys. Fig. 150. Large very transparent
glomeruli of uric acid from urine. Fig. 151. Round, oval, and
spear-headed masses of uric acid deposited from urine. Fig. 152.
Hexagonal crystals of uric acid, a form which occurs in urine very
rarely, p. 384.

Plate XXVIII. Fig. 153. Perfectly colourless crystals of uric acid
resembling cystine. From the urine of an epileptic patient. Fig.
154. Small erystals of uric acid of a rhomboidal form, many of them
resembling sections of small cylinders. Fig. 155. &, large spherules
of urate of soda; &, film composed partly of urate of soda and
partly of uric acid ; ¢, uric acid. From the urine of a case of long-
continued bilious and remittent fever. Fig. 156. The spherules of
urate of soda (Fig. 155) more highly magnified. Fig. 157. Dumb-
bell-like crystals of uric acid, obtained by adding hydrochloric acid
to urine. Fig. 158 Crystals of uric acid, partly disintegrated.
From a specimen which had been preserved for many years in
naphtha and creosote fluid, p. 384.

Plate XXIX. Fig. 159. Curious crystals of uric acid, from urine.
Fig. 160. Uric acid crystallised round a hair; also octahedra of
oxalate of lime, and penicillium glaucum. From urine of a patient
suffering from chronic bronchitis and emphysema, Fig. 161. Very
large and symmetrical crystals of uric acid from urine. The form and
peculiar markings well shown. Fig. 162. Forms of uric acid pro-
duced by rapid crystallisation after the addition of nitric or hydro-
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chloric acid to urine. Fig. 163. Small crystals of urie acid massed .
together so as to form a plate, p. 384.

Plate XXX. Fig. 164. Quadrilateral pyramidal crystals of uric acid,
precipitated from urine by nitric acid. Fig. 165. Uric acid, from
the urine of a case of fatty degeneration of the kidneys. ]:'1g 166.
Less common forms of uric acid crystals: ¢, Cayenne pepper-like
grains ; &, six-sided crystals; ¢ mass with smal] uric acid crystals
pr{::_ic:c:ting from it; «, small p}rramidml crystals of uric acid very
UNCoOmmon ; ¢, pccuhar forms of uric acid. Fig. 167. Irregularly
shaped r.:r;.rataﬂme plates consisting of uric acid, from urine. Fig.
168. Two forms of uric acid, p. 384.

Plate XXXI. Fig. 169. Dumb-hcll and octahedral crystals of oxalate
of lime. One very large octahedron is shown at the right hand
side of the figure. Fig. 170. Octahedral crystals of oxalate of lime.
Fig. 171. Curious prismatic crystal of oxalate of lime. Fig. 172.
a, b, ¢, d, ¢, to illustrate the appearance of the same octahedron of
oxalate of lime viewed in different positions; f, g 4, the same
crystal shown sideways ; #, the appearance of an octahedron when
mounted as a dry object ; & unusual form of compound erystal of
oxalate of lime. Fig. 173. Dumb-bell crystals and allied forms of
oxalate of lime. Circular and oval. Fig. 174. Dumb-bell crystals
and allied forms of oxalate of lime. Crystals approximating to the
perfect dumb-bell. Fig. 175. Perfect dumb-bell erystals of oxalate
of lime which have been subjected to the prolonged action of
weak acetic acid, p. 384.

Plate XXXII. Fig. 1?6 Modified forms nf oxalate of lime. From
the urine of a man who was poisoned by oxalic acid. Fig. 177.
Some of the crystals in fig. 176 more highly magnified. Fig. 178.
Beautiful feathery crystals of phosphates of lime and magnesia
with collections of octahedra of oxalate of lime the angles of which
are rounded. Fig. 179. Small globules and octahedron of oxalate
of lime. Fig. 179% Beautiful crystals of triple phosphate exhibit-
ing peculiar markings resulting from partial solution. Fig. 18o.
Crystals of triple phosphate the prismatic portion of which is
defective, and casts containing oil, p. 384.

Plate XXXIII. Fig. 181. Modified form of triple phusphate or
phosphate of lime and triple phosphate. Fig. 181% Octahedra
and dumb-bells of oxalate of lime and curious forms of fungi
found in the urine of a young man passing much oxalate of lime.
Fig. 182, Collections of dumb-bells firmly adherent to each other.
Fig. 183. Minute crystals of oxalate of lime with sporules of fungi
resembling blood corpuscles. Fig. 184. Dumb-bells subjected to
the prolonged action of acetic acid showing the crystalline material
nearly dissolved away. Fig. 185. Perfect dumb-bell crystals from
the urine of a child suffering from jaundice. Fig. 186. Dumb-bell
crystals of oxalate of lime aggregated together, forming a minute
calculus. Fig. 187. Spherical, mra] and dumb-bell crystals, p. 384.

Plate XXXIV., Fig. 188. Crystals of cystine from the urine of an
insane patient. Fig. 189. Crystals of cystine. Fig. 1go. Clusters
of crystals of cystine formed by evaporating a solution of the
crystals represented in fig. 188 in ammonia. Fig. 191. Very small
six-sided crystals of cystine formed by gently evaporating a solution
of the crystals represented in fig. 188 in ammonia. Fig. 192,



OF THE PLATES. XXIX

Trregularly formed crystals of cystine. Fig. 193. Crystals of
carbonate of lime seen by reflected light. Fig. 194. Blood cor-
puscles : @, &, ¢, taken from the living body ; dy¢, f, from the urine ;
d, corpuscles smaller than natural; at ¢ their circumference is
serrated and ragged, and also at £ Fig. 195. Large cells filled
with granular matter in the urine of a case of chronic bronchitis.
Fig. 196. Crystals of carbonate of lime in Canada balsam, appear-
ance with transmitted light. Fig. 197. Tubercle corpuscles from a
tubercle in the lung. Fig. 198. Cells found in the urine of a
case of renal dropsy. Fig. 199. Cells found in the urine of a child,
age 14, suffering from haemorrhage. Fatty degeneration, 7 months.
Fig. zoo. Altered blood, menstrual fluid, p. 383.

Plate XXXV. Fig. 201. Rhomboidal and feathery crystals of hama-
toidin, from a softened clot. Human. Fig. 202. Feathery crystals
of hamatoidin found in the urine a fortnight after slight rupture
(?) of one kidney. Human subject. Fig. 203. Cancer cells from
the urine in a very bad case of cancer of the uterus. Fig. z04.
Cancer cells from a case of cancer of the bladder. Found in the
urine. Fig. z05. Cells from the urine of a case of acute rheuma-
tism: @, in the natural state; &4, treated with acetic acd; ¢
resembling pus; 4, the same treated with acetic acid. The small
circular bodies are blood corpuscles. Fig. 206, Blood in the
form of irregularly shaped clots from the vagina, p. 394.

ENTOZOA,

Plate I. Fig. 1. Layers of which the wall of an hydatid cyst is com-
posed. Fig. 2. Echinococci from hydatid liver of ox. Fig. 3.
Echinococci.  Fig. 4. Free hooklets of echinococci.  Fig. 5. Hook-
let of echinococcus. Fig. 6. Tenia echinococcus. Fig. 7. Diptoloma
crenata half the real size. Fig. 8. Ova of bilharzia hematobia
found in urinary deposit. Fig. 9. An ovam of bilharzia hamatobia
highly magnified. Fig. 10. Ova of bilharzia hematebia. Fig. 11.
Bilharzia hazmatobia, after Bilharz, p. 402.

URINARY CALCULI.

Plate I. Fig. 1. Large uric acid calculus consisting of concentric layers
of uric acid deposited upon a smaller calculus composed of oxalate
of lme. Fig. 2. Beautiful example of oxalate of lime calculus, the
surface of which is of a pale brown colour, and the tubercles small
and delicate. Fig. 3. Mulberry calculus which was of a rich plum
colour. Fig. 4. Small prostatic calculi. Fig. 5. Large mulberry
calculus two-thirds the real size. Fig. 6. Phosphatic calculus.
Fig. 7. Blood calculus from the infundibula of the kidney. Fig. 8.
One large and two small blood calculi from the pelvis of the kidney.
Fig. 9. Phosphatic calculus, the nucleus composed of a small uric
acid calculus. Fig. 1o. Small calculi from the kidney. The nuclei
composed of soft granular material, probably disintegrated epithe-
lium. Fig. 11. Verysmall calculi from the follicles of the prostate
gland, p. 416.

Plate II. Fig. 12. Small compound oxalate of lime calculus found in
the urine of a young man who was passing numerous dumb-bells of
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KIDNEY DISEASES, URINARY DEPOSITS,
AND CALCULL

Pk BT,

THE KIDNEY AND ITS DISEASES.

GENERAL ANATOMY OF THE KEIDNEY—MINUTE STRUCTURE=—THE GROWTH
OF THE RENAL AFPPARATUS—THE ACTIONM OF THE KIDNEY IN HEALTH
—0F DERANGED ACTION—OF THE VARIOUS STRUCTURAL CHANGES IN
DISEASE—0OF THE TREATMENT OF KIDNEY DMSEASES,

THE kidney is not a mere filter by which certain soluble substances
existing in the blood, are strained off. It is a remarkable apparatus
in which the oxidation of certain matters about to be got rid of is
effected, and imperfectly soluble substances are converted into readily
soluble and highly diffusible compounds. The urine which is the
secrefion of the gland consists of a solution of the salts which are filtered
away from the blood and the highly oxidised soluble matters, some of
which are actually formed in the kidney. Without an intimate know-
ledge of the minute structure and action of the kidneys in health, it
is not possible to form an accurate notion of the manner in which
temporary or permanent derangements of function may arise. It is,
therefore, desirable that every physician should be well acquainted with
the anatomy and physiology of these most important excreting organs.
Kidney diseases unfortunately are in these days, but teo common,
and many of them are grave. DBut if we detect them at an early stage,
before any general constitutional changes have been induced, as the
labours of Richard Bright, William Bowman, and George Johnson
have enabled us to do, we may in very many instances be of real ser-
vice to the patient. Derangements of the renal organs often seriously
affect the general changes taking place in every part of the body, and
give rise to many and considerable alterations in the structure and
B



2 ANATOMY OF THE KIDNEY.

action of other ftissues and organs, especially the liver, heart and vas-
cular system, lungs, brain, and nervous system. The proper treatment
of many renal diseases is now satisfactorily established, and there is
no department of medicine in which much of the knowledge we pos-
sess is more definite and precise, or the practical utility of scientific
investigation more apparent.

GENERAL ANATOMY OF THE KIDNEY,

Anatomy of the Kidney. — The rough anatomy of the kidney is
shown in section in the diagram, fiz. 1, pl. I. Each kidney is
enclosed in a capsule composed of fibrous tissue, but supplied with
blood-vessels, and with nerves and lymphatics. At the hilus or
notch of the kidney, the capsule is continuous with the areolar
tissue which swrrounds the large vessels, and extends in intimate
relation with them for some distance into the interior of the organ.
The figure shows the general arrangement of the kidney as seen upon
section. ‘The wrefer traced upwards is continuous with the pefwis,
a large cavity in the interior of the kidney, into which the urine
is poured. Extending outwards from the pefois, narrow funnel-shaped
prolongations of the mucous membrane, nfundibula, are observed.
Sections, and portions of the trunks of, arteries and veins are observed
between the infundibula, and smaller vessels are seen in the section
between the cortex and medulla. From these, branches proceed in
two directions, enfwards to the cortex, and #wwards to the pyramids.
The drawing is about two-thirds of the natural size. The scale at the
side is divided into eight spaces, representing half<inches.

Cortex.—The corfex or cortical portion of the kidney consists of
a layer about half an inch in thickness, which forms the surface of
the entire organ, and dips down often to the depth of an inch in
the intervals between the pyramids. It is easily distinguished from
the medullary portion by the irregular granular appearance the section
presents to the unaided eye, as well as by the numerous minute points,
often red from being injected with blood (Malpighian bodies), seen
in it.

Medidlary Portion—This lies immediately within the cortex, and 1s
directly continuous with its inner portion. It is composed of from ten
to fifteen pyramids, their bases being continuous with the cortex ; their
apices, /, fig. 2, free, and projecting into the cavity in the interior of the
organ (pelvis of the kidney). Each pyramid is composed of tubes
continuous with those in the cortex, and disposed in lines which con-

verge to the apex of the pyramid (papilla or mamilla), where they
open by from fifteen to twenty orifices.
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Pelvis : Mamille : Infundibula : Calyces—The mucous membrane,
with the fibrous and muscular tissue externally, forms a dilated cavity
in the interior of the kidney, called the pefwis, ¢, fiz. 2. From the
pelvis, passing beyond the apices of the pyramids, are several tubular pro-
longations, forming funnel-shaped channels (infundibula), e, &, usually
not more than twelve in number. In many cases, two pyramids open
into one infundibulum. Each of these funnel-shaped prolongations
forms a cup-shaped cavity round the tip of the pyramid (mamifla or
papilla), called a calyx, f. Lastly, the mucous membrane, after forming
this reduplication, becomes firmly adherent to the mamillz, and is im-
mediately continuous with that of the tubes, which open by orifices
varying from ten to twenty or more in number, upon the summit, %,
fig. 2, pl. 1, fig. 28, pl. VI. Some of the free extremities of the pyramids
are thin and flattened, and extend in a longitudinal direction, perhaps for
the distance of a quarter of an inch or more. The term mamilia or
papiffa can hardly be properly applied to these.

In the cortex of the kidney we find Malpighian tufis, invested by
the flask-like dilations of the secreting tubes, fig. 3, the Aighfy-convoluted
portions of the urine-forming tubes, with capillaries, branches of arleries,
and weins, with some transparent and fibrous tissue, and bundles of nerve
fibres. The medullary portion, pl. 1, figs. 1 and 2, is made up of the pyra-
mids which are formed by the straight or non-secerning portion of the
urine-bearing tubes, with capiliaries, bundles of straipht arterial branches
(#asa recfz), and numerous straight venous branches. These are all
connected, so as to form a very firm, hard texture, in which an inter-
vening material, having a firm consistence, but not a distinctly fibrous
network or stroma, can be discerned. See pl. VI, figs. 25 to 28,

MINUTE ANATOMY OF THE EKIDNEY.

Of the Preparation of Specimens of the Hidney for Microscopi-
cal Investigation. —In order to demonstrate the arrangement of the
vessels of the kidney, opaque injections have been recommended.
Mr. Bowman used the chromate of lead injection. He first forced in a
solution of bichromate of potash into the arteries, and afterwards in-
jected one of acetate of lead. Double decomposition took place within
the vessels, and the insoluble chromate of lead was precipitated. By
this plan he was able, in many instances, either to rupture the vessels of
the Malpighian body, or to force the solutions through them, so that the
capsule and the uriniferous tube continuous with it were well injected.
Thus was this most important anatomical point demonstrated. Certain
observers, misled by the appearances resulting from faulty methods of
preparation, have recently called in question the accuracy of his conclu-
sions, but their objections have been shown to be founded on error, and

' B 2



4 PREPARATION OF SPECIMENS OF THE KIDNEY.

Bowman's statements in all important particulars fully confirmed. Most
extraordinary methods of preparing specimens of the kidney for micro®
scopical examination have been recently recommended, and no wonder
some very curious and striking results have been arrived at by those who
have adopted them. Some who have recently written upon the anatomy
of the kidney have been really going back instead of advancing.
Imagining they were correcting the errors of those who preceded them,
they have actually propounded views much further from the truth, and
by careless and ill-conceived and but too often elaborately worked-up
representations of poor specimens have succeeded in throwing doubt
upon observations, the accuracy of which every thorough worker has
been able to confirm. Let it not be supposed, however, that little
still remains to be made out. We may feel sure that many important
facts in connection with the anatomy and action of the kidney are yet
to be discovered, but not, probably, by those who fancy they have dis-
proved the observations of Bowman upon the structure and connections
of the Malpighian body.

Many of the methods of preparation recently recommended are
wrong in principle, and must lead to most erroneous conclusions.
In order to examine the tubes of the kidney, one of the latest writers
on the subject, following the recommendations of some German writers,
makes use of a kidney which has been hardened by some days’ stay
in strong alcokol after it had been injected. Portions of this hardened
kidney are to be cooked for from jfive fo eight Zowrs in a mixture of
equal parts of aleohol and hydrochloric acid. After being then par-
boiled the author remarks that the pieces of kidney are exceedingly
friable. But they are nevertheless to be gently shaken in distilled
water, and the acid neutralised with carbonate of soda, &c. No wonder
this observer regards the nature of the connection between the urini-
ferous tube and the glomerulus as most difficult to determine. Others
have published inferences arrived at from the examination of speci-
mens hardened in strong alcohol, digested in alcohol and hydro-
chloric acid, parboiled, shaken up with chloroform, and lastly dried and
mounted in Canada balsam. Observations made upon specimens pre-
pared according to such methods can only add to the existing confusion,
and the drawings taken from the preparations will mislead the student,
encumber scientific literature, and retard the advance of knowledge.

Many of the conflicting statements concerning the minute structure
of tissues have their origin in faulty methods of preparing and examin-
ing specimens. The system of mounting healthy and morbid structures
in Canada balsam still resorted to by many observers must be con-
demned. It has been proved by experiment that no reliance can be
placed upon inferences arrived at with regard to the structure, develop-
ment, and growth of tissues in health, or the nature of structural
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alterations in disease, if derived from the examination of preparations
mounted in balsam. By this process many delicate structures are very
much altered or obliterated altogether, and peculiarities to be clearly
demonstrated by other methods of proceeding rendered invisible.. See
“ How to Work with the Microscope,” 3rd edition, p. 105, figs. 1€5,
166, pl. XXV,

A method of examination which has succeeded admirably in my
hands, and is now recommended strongly by Frey and many other
practical observers in Germany, is that which I have fully described in
my works on the microscope. The artery is first injected with Prussian
biue flutd. Then small pieces are removed and soaked in Carmine fluid.
Or, the kidney is first injected with carmine fluid, and afterwards with
the Prussian blue fluid. The pieces are to be transferred to glycerine
and acetic acid (5 or 1o drops to the ounce), and when hard, exceedingly
thin sections are cut with a sharp knife and mounted in glycerine, or
in glycerine jelly. .See “ The Microscope in Medicine,” 3rd edition,
§§ 99, 1o1. “ How to work with the Miscroscope,” 4th edition, “On
Injection,” p. 9o, and part V, p. 304. By these plans, any student, after
a few trials will have no difficulty in demonstrating for himself the
points of greatest importance in connection with the minute structure of
the kidney. He will find the kidney of a young rabbit, dog, or kitten
answer exceedingly well, but from the newt's kidney he will, with a little
practice, be able to obtain specimens, showing all the important points
represented in pl. I, fig. 3, but far more beautifully and clearly than
can be delineated in an ordinary drawing., Se also pl. VIIL

OF THE VESSELS OF THE EKIDNEY, AND OF THE CIRCULATION
OF THE ELOOD.

Artery.—The artery, entering at the hilus behind the vein, divides
outside the mucous membrane of the pelvis into branches, which are
distributed to the structure of organ. The arterial branches do not
anastomose, but divide freely as they radiate outwards in their course
towards the surface of the cortex. Arrived at a point between the
cortical and medullary portions of the kidney, pl. I, fig. 2, pl. II,
fig. 4, many branches pursue for some distance a more or less hori-
zontal, or rather curved course, corresponding to the bases of the
pyramids. From these, radiating outwards, pass a number of nearly
straight branches, which give off on all sides little vessels, each of
which seems to bear at its extremity a Malpighian body. The greater
proportion of the very large quantity of blood carried by the artery to
the kidney is undoubtedly distributed to the Malpighian bodies ; but a
few small arterial branches pass straight through the cortex, and sup-
ply the capsule of the kidney and the connective tissue around; others
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are distributed upon the external surface of the pelvis, and ramify amongst
the adipose tissue there; while some (vase recta), pl. IV, fig. 13, are
given off from the vessels that lie between the cortex and medulla,
many branches of which, as I have shown, anastomose with one another,
and pass in the substance of the pyramids towards their apices.

In the small branches of the renal arteries, the muscular fibre cells may
be demonstrated very easily. They may be followed to the point where the
arterial branch enters the Malpighian tuft. All the arterial ramifications
are very freely supplied with pale nerve fibres, exhibiting numerous oval
nuclei, the arrangement of which may be most distinctly demonstrated
in the kidney of the frog and newt, if the method of preparation I
have recommended be followed out. The action exerted by the nerve
fibres is considered in p. 17, and the changes taking place in the walls of
the small arteries in disease are referred to near the end of this part of
the work.

Vasa Recta.—Of the comparatively small quantity of the blood which
passes izawards towards the apex of the pyramids, a very small proportion
passes into vessels which supply the walls of the pelvis and the adipose
tissue. The remainder is conducted towards the apex of each pyramid
by the zasa recfa, or branches resulting from the division of small trunks
of the arfery, one of which is represented ata a, pl. 11, fig. 4, and pl. IV,
fig. 13. These vasa refa which have been injected by Arnold, Hyrtl,
Leydig, Virchow, and myself, terminate in a capillary network in the
longitudinal meshes of which the straight portions of the tubes lie. It
must not be concluded, however, that all the straight vessels in the
pyramids are vessels which exhibit the structure of arteries; for the
efferent vessels of those tufts near the bases of the pyramids divide at
once into long and nearly straight branches, which pour their blood into
this system of capillaries, from which it is collected by radicles which
also pursue a straight course, and unite together to form small trunks,
which open into branches of the vein lying between the cortical and
medullary portions of the kidney. This arrangement was fully deseribed
by Bowman in his memoir ; but he thought that a/ the straight vessels
in the pyramids came from the Malpighian bodies. Virchow,* on the
other hand, seems to have arrived at the conclusion that aZ, or zery
nearly all, the straight vessels in this situation consist of vasa reda,
while Berres and Kolliker have failed to find them altogether. I have
shown conclusively by transparent injections that many of these vessels
are the cfferent vessels from Malpighian bodies, as Bowman long ago
stated, while a certain and not inconsiderable number undoubtedly
come directly from arteries, pl. II, fig. 4 @aa. The latter have the
structure of arteries and are freely supplied with nerve fibres. In diseases

* Einige Bemerkungen iber die Circulation Verhiltnisse in den Nieren, —*¢ Vir-
chow’s Archiv,” vol. XIIL







STRUCTURE OF THE KIDNEY.

Prate II.

Fig. 4. Part of the cortex, with the commencement of the medul-
lary portion of the kidney, magnified 15 diameters. . Branches of
artery. & Afferent vessels of tuft. ¢ Malpighian tufts. 4. Efferent
vessel of tufts. e Network of capillaries, into which the blood, after
having traversed the capillary loops of the tuft, is camried. £ Small
radicles of renal vein, by which the blood is returned to the large trunks.
g. Long and almost straight vessels (zasa refa), into which the efferent
vessel of those tufts situated at the bases of the pyramids, divides. These
straight vessels may be traced for some distance towards the apex of
the cone, /% Veins in the same situation, which return the blood to
the large wvenous trunk, 7z 4 Capillary network in the pyramids.
/. Portion of the capillary network of the cortex, where the meshes are
elongated, corresponding to the direct course which many of the
uriniferous tubes take, at regular intervals, in the cortex. . Network
of other parts of the cortex, in which this arrangement is not observed,
7. Malpighian bodies not injected. ¢. Convoluted portion of uri-
niferous tube. p. Tubes having a direct cousse towards the cones,
situated at regular intervals through the cortex. At / would be situated
another parcel, and at ¢ a third. The arteries pass in the intervals
between these, as represented. ¢ One of the tubes isolated. I have
never been able to demonstrate the branches represented, in the human
subject, but from their existence in some of the lower animals, it is
probable that a similar arrangement may be found in the higher. The
branches » must therefore be considered merely diagrammatic.
». Branches continuous with the convoluted portion. s. Wavy portion
of uriniferous tube, at the commencement of the cones. # Capsule of
kidney.  # Uriniferous tube, with Malpighian tuft and ecapillary
vessels complete, 2. Capillary network, with fragments of uriniferous
tubes, from which the epithelium has been washed out (the so-called
matrix of the kidney).

Fig. 5. Unniferous tube, with dilated extremity, which embraces the
vessels of the Malpighian tuft. The epithelium is seen in the convoluted
portion of the tube, but cannot be traced within the capsule in the
human subject.

Fig. 6. Small artery, with tuft and capillary network, accurately
copied from a specimen. The artery is seen to divide into three or
four branches, and each of these gives off capillary loops, which divide
and subdivide for some distance before they communicate with those of
another division. The letters refer to the same parts as indicated in
fig. 1. Every part of fig. 1, with the exception of ¢, », has been copied
from actual specimens, prepared from a number of kidneys. The
separate drawings thus obtained have been grouped in their proper
position, in order to complete the drawing. Fig. 5 is partly mpled from
nature. Fig. 6 is entirely traced from a preparation.  The injection
employed for making the specimens was the Prussian blue fluid.*

* @ How to work with the Microscope.”
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STRUCTURE OF THE KIDNEY.

Prate III

EPITHELIUM OF URINIFEROUS TUBE, PELVIS OF THE KIDNEY,
URETER, AND URETHRA.

Fig. 7. Convoluted portion of uriniferous tube with epithelium, from
the cortical portion of the kidney. . Basement membrane. &. Epi-
thelium. ¢ Part of tube from which the epithelium has been squeezed
out, leaving only the basement membrane, &. Capillary vessels con-
taining transparent injection, showing their relation to the wall of the
tube. e Separate cells of epithelium magnified 403 diameters.

Fig. 8. Straight portion of uriniferous tube from the base of a
pyramid. . Basement membrane. 4. Epithelium. ¢ A tube from
which the epithelium has been removed. & One of the large straight
vessels found among the tubes in the pyramids. e Capillaries also
present in this part of the kidney. £ Separate epithelial cells
magnified 403 diameters.

Fig. 9. Epithelium from the pelvis of the kidney, in part tessellated
(@) and in part columnar.

Fig. 10. Epithelium scraped from the surface of a pyramid.

Fig. 11. Epithelium from the ureter, entirely columnar,

Fig. 12. Columnar epithelium from the urethra,

The specimens from which all these drawings were copied, were
taken from the organs removed from the body of a man, aged 4o, who
died of pneumonia, otherwise healthy.

The vessels of part of the kidney were injected with Prussian blue
fluid,* in order that the relation of the capillaries to the uriniferous
wbes might be distinctly made out. The character of the epithelium
lining the convoluted portion of the uriniferous tube is represented at ¢
(fig. 7). Generally, the cell does not exhibit a distinct outline as is usually
represented, although, on the contrary, the outline of the nucleus is
often sharp and well defined. The material around the nucleus usually
appears granular, and I am not satisfied as to the existence of a
distinct cell-membrane. The nuclei are very large, and may easily be
mistaken for the entire cell. The epithelium in the straight part of the
uriniferous tube in the medullary portion of the kidney is flatter, and its
outline is more distinct. In the cortex, the epithelium takes part in
secrefion, but in the medullary portion of the organ it probably cor-
responds to the epithelium of the duwes of glands generally. Many
vessels in this part of the kidney pursue a very straight course, and are

of large size, their diameter being equal to, or even greater than, that of
the tubes, & (fig. 8).

% For the composition of this fluid, see * How to work with the Microscope.™
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VEIN. 7

in which much more blood is made to pass into the pyramids than
normally, these arterial branches or vasa recta, become much thickened,
and the circular muscular fibres are more readily demonstrated than in
health. A few branches of these arteries pass right through the kidney
and reach the capsule. (* On the Vasa Recta in the Pyramids of the
Kidney,” Archives of Medicine, vol. I, 1856.)

Many observers have ¢rificised Virchow's statements concerning the
arteriolae rectae, and have stated that these vessels do nof originate divectly
in arferies, unless it be as a very small and most irregular source. Yet
it seems to me that my specimens copied in pl. XXIX, Archives, vol. I,
published in 1856, pl. IV, fig. 13, prove conclusively that numerous arte-
rial branches do come off from arteries in the healthy kidney, turn down-
wards in the pyramids and break up into bundles of small elongated
vessels, the blood circulating through which, has never passed through
any Malpighian bodies whatever. 1have re-examined this point, and can
arrive at no other conclusion. Moreover, in the newt’s &idney, I have
succeeded in demonstrating vessels which come off directly from the
large artery and divide and subdivide amongst the tubes without giving
off any vessel whatever, to a Malpighian body.

vein—The Emulgent or Kenal Vein 1s formed by the umion of a
number of smaller trunks which receive the blood from the capillaries.
Numerous large branches may be seen in the intervals between the
cortex and medullary portion. They converge from all points, receiving
the blood distributed by the arteries as above described and at length
form one large trunk, which emerges at the anterior part of the hilus and
opens into the inferior cava. The relation of the efferent vessels of the
Malpighian bodies to the capillaries of the kidney and the radicles of
the renal vein will be described presently, but it will be understood at
once if pl. I, fiz. 3 at cand ¢, or pl. 11, fig. 6 at 4, is referred to. The
coats of the small veins of the kidney exhibit the muscular fibre-cells
very beautifully, and amongst these fine nerve fibres ramify in great
numbers. In many cases the number of nerve fibres distributed to the
coats of the veins is greater than to the coats of the arteries.

Teﬁsels of the Malpighian Body, and Course of the Circulation.—
The course of the blood, as it circulates in the vessels of the kidney.
may now be described. Starting from the artenal branches between
the cortex and medullary portion of the organ, the blood pursues two
directions—outirards towards the external surface, and inwards towards
the apices of the pyramids.

Of the blood which passes owfwards, a little is distributed to the
capsule and membrane of the pelvis, but by far the larger proportion
is carmied to the Malpighian bodies. Arrnived at the Malpighian body,
the trunk of the little artery divides into three or four dilated branches,
each being as wide as the artery itself, pl. II, fig. 6. These subdivide



3 VESSELS OF THE MALPIGHIAN BODY.

into capillary loops which have their convexities towards the uriniferous
tube, and which lie uncovered by epithelium within its dilated com-
mencement ; so that fluids passing through the membranous walls of
these capillaries, and everything escaping from them when they are
ruptured, must at once pass into the uriniferous tube.

The appearance of some of the capillary vessels of the Malpighian
tuft of the human kidney, separated and, to some extent, flattened
out, is represented in pl. IV, figz. 14 The vessels were injected
with dilute Prussian blue injection. The nuclei connected with their
walls are well seen : @, a few coils separated from the rest of the tuft;
b, part of a loop somewhat compressed, showing the nuclei a little
flattened ; ¢, tissue connecting the coils with each other, in conse-
quence of which the globular form of the tuft is preserved, even when
it is removed ; #, a small portion of a capillary compressed as much as
possible, showing the thickness of the capillary wall at the point of
reduplication.

The blood is collected from the capillaries of the Malpighian
body by small venous radicles which lie in the central part of the tuft,
and there unite to form usually a single efferent vessel that emerges
at a point very close to that by which the artery entered, pl. II,
fiz. 6, &. In some specimens, however, I have seen two and even
three efferent vessels leaving the tuft at difierent points some distance
from the artery, but this is not common.

The arrangement of the secreting structure and vessels of the
kidney of man, magnified about 5o diameters, 1s represented in the
drawing, pl. I, fig. 3, @, Malpighian body; & Malpighian artery or
afferent vessel ; ¢, efferent vessel; 4, capillary network, into which
the blood passes from the efferent wessel; ¢ small venous radicle,
which carries off the blood after it has traversed the capillaries just
alluded to; f; commencement of the uriniferous tube by a dilated
extremity, which embraces the vessels of the tuft; g, the tube; near
the point where it opens, it joins others, /4, to pursue a straight course
towards the pyramids of the kidney ; ¢ another tuft, the vessels of which
are empty and shrunken ; £, portion of a tube cut across, showing the
basement membrane. The attention of the reader is particularly directed
to this figure.

The efferent vessel of the tuft pursues a short course, and then
divides into an extensive network of capillaries, in the meshes of which
the tubes ramify, pl. II, fig. 6, It is from the blood, which, after
passing through one system of capillaries in the tuft, thereby losing much
of its water, slowly wanders in a more concentrated state, through this
extensive intertubular capillary system, that the most important of the
solid constituents of the urine are probably separated, some being
much modified or actually formed or elaborated by the agency of the



LYMPHATICS OF THE KIDNEY. 0

epithelial cells lining the tubes. The water, fully charged with oxygen,
transuding from the capillaries of the Malpighian body, is made to
traverse in succession the epithelial cells lining the tube. At the
same time that it dissolves the different substances which have been
separated from the blood, it no doubt exidéises the matter forming the
outer part of the cells, and thus some of the soluble substances, charac-
teristic of the urinary secretion, are formed. The urine becomes richer
and richer in solid constituents as it approaches the straight portion of
the tube by which it is rapidly conducted to the pelvis. From the inter-
tubular network of capillaries above alluded to, the blood is collected
by small venous radicles, pl. I, fig. 3 ¢ which at last pour their contents
into the renal or emulgent vein.

Lymphaties of the Kidney.—There are numerous lymphatic vessels
distributed to the kidney. They leave the organ at the hilus, where the
large vessels enter. I have succeeded in injecting the lymphatics of
the liver, in which organ they exist in great number, and ramify in the
substance of the capsule and in the portal canals, but although I have
made many attempts to investigate the arrangement of the lymphatic
vessels in the kidney, so far I have failed. Ludwig and Zawarykin
describe an abundant network of lymphatic spaces in the kidney. The
capsule of the kidney is, probably, also supplied with lymphatics,
although it is not easy to demonstrate them by injection.

OF THE SECEETING APPARATUS AND EPITHELIUM.

Of the Uriniferous Tubes. — The renal secreting apparatus consists
essentially of a tube lined with epithelium. The tube in the vertebrate
kidney commences in a small flask-like dilatation, which embraces the
capillary vessels of the Malpighian tuft, fig. 3, pl. I, and fig. 5, pl. IL
In continuation with this is the tube which, in the greater part of its
extent, is very much convoluted, being frequently bent upon itself; so
that a great length of secreting tube is packed in a very small space.
The convoluted tubes are so close together, thatit is impossible to trace,
in man and mammalian animals generally, the course of one individual
tube for any great distance; and, in thin sections of the cortex, segments
of the windings of different tubes are seen divided in all directions. A
tube may however be followed in its whole length in the newt’s kidney.
The tube differs in diameter in different parts of its course. It is some-
what constricted near the Malpighian body forming a sort of mesk, it
then becomes wide and gradually contracts again as it passes towards
the pyramids.

The tubes, as they are about to leave the cortex, pursue an almost
straight course, and here commences the ductal portion of the urinary
agparatus. A certain number of these straight tubes extend nearly to



10 THE URINIFEROUS TUBES.

the surface of the kidney, and carry off the secretion from the tubes
which lie most superficially. They may be seen lying in the cortex, at
certain intervals. In the pyramids, the tubes are straight; and as they
converge, they unite together, and become fewer in number ; while their
calibre greatly increases as they approach the apex of the pyramid, where
they open as before described. Some of these orifices are figured in
pl. VI, fig. 28. :

Attention has been drawn to the fact, familiar to all who have worked
much at the minute anatomy of the kidney, that many of the conveluted
tubes dip down for some distance amongst the straight tubes of the
pyramids, forming loops the convexities of which are directed towards
the apex of the pyramid. These tubes were supposed by Henle to be
connected with Malpighian bodies, and he has been led to conclude that
they form a system of tubes distinct from those which open into the pelvis
of the kidney. He adopted that strange inference which has astonished
most anatomists familiar with the structure of the kidney, that there
were tubes without any opening whatever, forming as it were closed
tubes connected with Malpighian bodies, while the urine-secreting open
tubes were said to be independent of Malpighian bodies. Numerous
memoirs have been written to disprove Henle’s views, which will
probably soon be abandoned. His observations have excited many
comments, and although there still remains something to be cleared
up with reference to these tubes, it may be considered as proved that
they are but coils of the convoluted portions of the uriniferous tubes.
Perhaps the most curious suggestion yet advanced concerning these
loops is the following :—“What mean these closed down loopers of
Henle, and wherefore do they dip down among the water drains? (!)
Ask, why do the roots of trees tend towards the water wells if not for
water ? These are the thirsty spongioles which pick up the water to
flush down the drains which had otherwise been choked up with solid
urinary excreta®.”

It seems to me that Henle has enormously exaggerated the number
of the loops in the pyramids, while he has not given drawings of what
certainly is exceedingly common, namely, a tube running straight for a
certain distance, and then after being bent upon itself, continuing its
straight course towards the apex of the pyramid. But his statements
concerning the two sets of tubes are completely disproved by a careful
investigation of a well-prepared kidney of a young animal. Frey has
given some excellent schematic drawings showing this peint, plL IV,
fig. 15, a.

These looped tubes in the pyramids exhibit the same general
structure as other parts of the convoluted portion of the uriniferous

* Dr. Reginald Southey, Bartholomew’s Hospital reports, 1865, pp. 137, 188,
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tubes, and there seems, therefore, no reason from the anatomical side
for inferring that they are otherwise than convolutions drawn down
some distance during the growth of the pyramids. The different
characters observed in different tubes as seen in a section of the
cortex of a healthy kidney, upon which Henle lays so much stress,
are due to the varying ages and degrees of development attained by
contiguous tubes. That this is the correct explanation may be de-
monstrated very conclusively in the kidney of a young mammalian
animal.

If Professor Henle will examine the thin part of the kidney of the
common black newt in spring, he will see tubes in different stages of
growth, but he will have no difficulty in demonstrating that each is
one continuous tube which may be followed coil by coil in every part
of its course. By studying the kidney of this animal at different
periods of the year, the changes taking place during the development
and decay of the urinary apparatus may be observed, and an excellent
life history of the renal apparatus of this animal might be wntten. I
have succeeded in ascertaining many points of the greatest interest in
connection with the development of that highly elaborate organ, the
Malpighian body, which will be referred to shortly.

It seems strange that the idea of there being fwe disfinct sysiems
of fubes in the kidney, the one open and the other closed should have
been received at all by anatomists who had studied renal structure in
man and animals. That mere critics should have accepted the
notion is, perhaps, scarcely to be wondered at, although one would
have supposed that a view involving the doctrine of the Malpighian
bodies being appended to tubes forming a closed system would have
excited the surprise even of reviewers. Instead of examining speci-
mens, or even thinking about the wonderful mechanism of the Mal-
pighian bodies, writers both here and in Germany have vied with each
other in propagating Henle’s view, and complimenting the author. The
amount of useless discussion upon this matter has been great, although
there can be no doubt that at the very time Henle wrote, there were
many preparations in Germany that would have satisfied him he
was in error before he gave his memoir to the world. In this country
I know there were such specimens. It seems strange that a
few persons connected with the periodical press, having little or no
practical experience, should have it in their power to force into
notoriety views which practical anatomists know to be erroneous,
and which they could convince others were erroneous. But reviewers
seldom have time to examine specimens. A few years have now
passed, and the fever is over. After a great deal of unnecessary
writing, and no little injustice to English observers, we are allowed
to return to the view advanced by Bowman in the year 1841 of the
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truth of which most practical anatomists, and not a few students have
convinced themselves by preparing specimens.* As has been already
mentioned a single uriniferous tube may be so injected that its
convolutions may be traced by the extravasation from the vessels of
the Malpighian body, in which case the artificial injection takes
the same course as the urine.  Sometimes hzmorrhage takes place
shortly before death, and thus a natural injection of a single urini-
ferous tube results.t Occasionally insoluble materials are deposited
in the uriniferous tubes, and thus the observer is able to demonstrate
the wall of the tube very distinctly, and may even measure its thickness.
The insoluble matter sometimes forms an amorphous deposit, some-
times exists in the form of spherules or dumb belllike crystals, and
sometimes takes a crystalline form. The tubes represented in pl. VII,
fig. 29, are choked up with an amorphous granular deposit which con-
sists of albuminous matter and altered blood. It has collected in tubes
situated here and there in different parts of the kidney, and in some
instances the tube is distended to twice its ordinary diameter at the
seat of obstruction. The obstructions are most numerous in the
straight portion of the tubes.

Dumb-bell crystals of oxalate of lime not unfrequently collect
mn the narrow part of the tube between the cortex and medullary
portion of the kidney, but this form of concretion will be again referred
to when the subject of urinary calculi comes under consideration.
Spherical and oval masses of ammoniaco-magnesian phesphate and
phosphate of lime have also been found in the tubes. Amorphous
granules of earthy phosphate are seen amongst the cells of the tubes
represented in pl. VII, fig. 34.

Well-formed crystals of uric acid are rarely seen in the uriniferous
tubes of the human subject. T have, however, some sections of the
kidney of a common snake which had been long kept in confine-
ment, in which beautiful crystals of uric acid or a urate exist in great
number in the tubes. A drawing of this specimen is represented in
fig. 30, pl. VII.  Urates, principally of soda and ammonia, are some-
times found in the tubes. I have met with them in the feetal kidney.
Leucine sometimes crystallises in the renal tissue after the kidney has
been removed from the body, minute crystals being deposited in the
tubes. These may afterwards undergo solution and larger crystalline
masses be deposited in the intertubular tissue external to the tubes, as
represented in figs. 31, 32, pl. VIL.

* A few references may be of interest. Henle, zur Anatomie der Niere,
Gittingen, 1862. Luschka, Anatomie des Menschen, Tubingn, 1863 Clirzon-
szczewsky, Archiv f. path. Anat., 1864, p. 153; Schweigger-Seidel, Die Nieren
des Menschen, Halle, 1865 ; Frey, Das Mikroskop, 1866.

t Bowman, TPhil. Trans. 1842, p. 67.
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EPITHELIUM. 13

The deposition of insoluble substances in the uriniferous tubes is
a subject of the greatest importance. There is reason to think that
it is in this way many serious structural diseases commence, and it 1s
quite certain that calculous formations almost always originate in- this
manner.

Epithelinm.—The epithelium of the kidney differs somewhat in its
characters in different parts of the tube, and also at different ages. That
in the conveoluted or secreting portion of the tube is described as being
polygonal ; it projects into the tube to the extent of one-third of its
calibre. The epithelium in the straight portion of the tube is flatter, and
approaches to the tessellated variety. Although the convoluted portion
of the tube is much wider than the straight portion, #ke diameter of the
channel is much wider in the latter position than in the former, In con-
sequence of the much greater thickness of the epithelium 1n the secret-
ing portion of the tube. Epithelium from the convolu