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PHILOSOPHICAL TRANSACTIONS.

IV, The Blood-corpuscle considered in its different Phases of Development in the Animal
Series. Memoir 1.—Fertebrata. By T. Whartox Jones, F.R.S., Lecturer on

Anatomy, Physiology and Pathology, at the Charing-Cross Hospital, §c.

Received February 27,—Read June 19, 1845.

Part I.

THE mode in which I purpose to treat this part of my subject, is to trace the blood-
corpuscle in its different phases of development in the vertebrate series, from the lower
to the higher classes.

I commence therefore with the blood-corpuscle of the Skate, taken as an example
of the lowest class.

Examination of the Blood-corpuscles of the Skate.

1. There are in the blood of the Skate two kinds of corpuscles, which at first
view, under the microscope, especially attract the notice of the observer: the one
kind is without colour, but appears dark in consequence of refracting the light
strongly, is of a roundish form, and about §'55th of an inch in diameter, or even
larger ; the other kind, which is more numerous, is of a red colour and oval form,
and measures about t55th of an inch long, by '55th of an inch broad (figs. 1, 2 4,
3, and 7.).

2. Structure of the first-mentioned kind of Corpuscle—The first-mentioned kind of
corpuscle is composed of an agglomeration of granules surrounded by a cell-mem-
brane. The granules are clear and strongly refract the light. They measure about
souooth of an inch in diameter, but it is to be remarked, that they may at one time
appear separate, and at another time more or less fused together, as if they had been
granules of quicksilver.

3. In consequence of the structure, so far as it has been described, of the cor-
puscle under consideration, I propose to designate it by the name of granule blood-cell.

4. On one side of this granule blood-cell, a clear spot may sometimes be seen,
indicating the place of a nucleus (fig. 1.).
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64 MR. T. WHARTON JONES ON THE BLOOD-CORPUSCLE CONSIDERED IN

5. By the action of water, the cell-wall becomes distended so that it is enlarged
in diameter ; at the same time the aggregation of the granules becomes less close
and their appearance of fusion less; sometimes I have seen the granules suddenly
collapse and flatten under the action of water, as if they had been small vesicles
bursting (fig. 2 a.).

6. By the action of acetic acid much diluted, the granulous mass is dissolved, but
the cell-wall is left, and in its interior there is now distinctly seen a celleform nuecleus,
about 53'5th of an inch in diameter (fig. 2 4.). I have watched individual cells during
the action of the acid on them, and have seen one granule disappearing after another
in the most beautiful and striking manuner, until the nucleus came into view.

7. I have above spoken of the granule blood-cell as being of a roundish form : as
the blood of the Skate subjected to examination was obtained from the blood-vessels
of the viscera already removed from the animal, I cannot say what form the granule
blood-cell would present in blood drawn from the animal during life and forthwith
examined. But in some examples of the blood which I examined, and which was
obtained at a time which could not have heen long after the death of the animal, the
granule-cells at first presented most remarkable changes of shape and other pheno-
mena immediately to be described, which after a time ceased to be presented, the cells
settling into a round form.

8. As the changes of shape and other phenomena to which I refer, resembled ap-
pearances presented by what we shall find to be the correspending corpusele in the
blood of the Frog and of other animals, drawn during life, I am dispesed to believe
that they will also be found presented by the granule-cells of blood actually drawn
from the living Skate.

9. My attention was first attracted to the phenomena by observing a granule-cell
with the granules apparently escaping from it as if burst (fig. 3.). But the cell soon
appearing again with all the granules collected together, I was led to watch, and soon
perceived that the appearance of granules escaping, as if from a burst cell, was owing
to this :—the transparent and colourless cell-wall bulged out on one side, leaving the
granules still agglomerated and bolding together, but this only for a short time;
for soon single granules were seen to separate and burst out from the rest, and
to enter the hitherto empty compartment produced by the bulging out of the
cell-wall. The regular manner in which this seometimes took place was remarkable.
I have actually seen the granules enter the compartment by one side and circulate
along the bulging cell-wall to the other side, until the whole compartment became
filled with granules. This having occurred the bulging began to subside, but was
succeeded by a bulging of another part of the cell-wall, into which again a flow of
granules took place; and so on all round the cell.

10. Structure of the Red QOval Corpuscle—This is readily recognised to be an oval-
shaped cell, with a nucleus round or oval, and with red-coloured contents. It thus
resembles the well-known red corpuscle of the blood of the Frog, in structure as well
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as in general appearance ; the only difference being that its nucleus is celleeform,
whereas that of the red corpuscle of the Frog is, as we shall find, rather solid-
looking. The red oval corpuscle of the blood of the Skate under consideration, I
propose to name nucleated blood-cell, in contradistinction to the granule-cell, which,
though also nucleated, is not in general discovered to be so until after the solution
of the granules by acetic acid, and which in consequence of its being filled with
granules is otherwise well designated granule blood-cell *.

11. Besides the two kinds of cells which I have now described in the blood of the
Skate, there are others which, on account of their paleness, do not at first attract
so much attention, but which it is of the greatest importance particularly to notice.

12. One kind (fig. 4 a.) bas the characters of the granule-cell, only the granular
contents are very fine and do not so strongly refract the light, hence its paleness.
This pale granule-cell I consider an advanced stage of the dark-looking granule-cell.
This latter I will call the coarsely granular stage, the former the finely granular
stage of granule-cell.

13. Another kind of the corpuscles referred to, has essentially the same structure
as the red nucleated blood-cell above described, being a cell containing in its interior
a celleform nucleus (fig. 5 a.); the only difference is that both cell and nucleus are
circular (the former about {g55th of an inch in diameter, the latter about 55'55th),
and that the cell is either destitute of colour or but slightly tinged red.

14. That this circular nucleated cell is an early stage of the oval red nucleated
cell is shown by the circumstance, that besides it there are cells having the same
structure but more or less oval-shaped, and still either altogether uncoloured, or
slightly tinged red (fig. 6.), which evidently form a transition to the oval red nu-
cleated blood-cell.

15. Two stages of the nucleated blood-cell may thus be recognised, an uncoloured
and a coloured stage.

16. The description now given of the nucleated blood-cell of the Skate in the un-
coloured stage, and a comparison of figures 5 a. and 2 4, will show that it resembles
the granule blood-cell after its granules have been dissolved by the action of acetic
acid ; the only difference being that in the former the cellieform nucleus is larger
and more developed.

17. This resemblance, and the cirenmstance that corpuscles occur in which the
celleform nucleus is large, but still surrounded by a few granules (fig. 4 b.; see also
the corresponding corpuscle in the Lamprey, represented in fig. 2.), and which may
be viewed as a transition from the granule to the nucleated cell, go to prove that the
nucleated blood-cells are developed from the granule blood-cells—are, in fact, the
granule blood-cells with the celleeform nucleus developed, at the expense of the
granules which have disappeared.

* The name * granule-cell” I have borrowed from Professor Voeer of Gottingen, who first employed it to
designate a form of cell which is developed in inflammatory exudations.
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18. The conclusion to be drawn from what has now been said in regard to the
relationship between the granule blood-cell and the nucleated blood-cell is, that they
are to be viewed as two different phases of development of the same body, the granule-
cell being the first phase of development, the nucleated cell the second phase of
development. Each phase of development again comprehends two principal stages:
the phase of granule-cell, @ coarsely and finely granular stage ; the phase of nucleated
cell, an uncoloured and a coloured stage.

19. In the osseous fishes which I have examined for the purpose, the blood-cor-
puscle in its phases and stages of development is essentially the same as in the
Skate. In the Lamprey also, which is a cartilaginous fish lower in the scale than
the Skate, the blood-corpuscle in its phases and stages of development is the same,
with the exception that the nucleated cell in its coloured stage is circular, as well as
that in the uncoloured stage (figs. 4 a, 3.)*.

20. It is worthy of remark, however, that there is a fish, the lowest of the lowest
division, in which the blood is perfectly colourless, viz. Branchiostoma lubricum,
Costa, Amphiovus lanceolatus, YarreLL. The corpuscles of the blood of this fish
have not been examined, but there can be little doubt that some of them are the
same as the granule blood-cells of the Skate or Lamprey, and others the same as
the nucleated blood-cells in their uncoloured stage. If this be so, the blood of Bran-
chiostoma lubricum would differ from that of other fishes, merely in the absence of
nucleated cells in the coloured stage. It is quite possible, however, although the
blood appears perfectly colourless, that nucleated cells in the very commencement of
the coloured stage may exist.

21. From Fishes I now proceed to Reptiles, and as an example of a Reptile I take
the Frog, in which to examine the blood-corpuscle.

Examination of the Blood-corpuscles of the Frog, and a comparison of them with those
of the Skate.

22. In the blood of the Frog, as in that of the Skate, the following kinds of cor-
puscles are to be recognised :— granule-cells and nucleated cells; the former in
coarsely and finely granular stages, the latter in uncoloured and coloured stages.

23, What are usually spoken of under the names of “lymph,” or * colourless”
corpuscles, are the granule-cell in both its stages, and the nucleated cell in its un-
coloured stage. The relation of these corpuscles to the lymph will be considered in
Part Second of this paper ; here I view them as corpuscles existing in the blood, and
therefore as blood-corpuscles : blood-corpuscles, moreover, differing from each other

* Professor RunoLen Waaxer was the first to point out the circular form of the red blood-corpuscle of the
Lamprey, but he does not appear to have noticed the existence of a nucleus,
t MitLer, Mikroskopische Untersuchungen iiber der Bau und die Lebenserscheinungen des Branchiostoma

lubiricum, Costa, Amphiorus lanceolatus, Yannerr. Auszug aus dem Monatsbericht der konigl. Prenss. Aka-
demie der Wissenschaften zu Berlin, Dec. 1841,
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in their degree of development, and not to be confounded together under one specific
name or epithet, whether *lymph™ or “ colourless.”

24. Granule Blood-cells.—The corpuscle in the blood of the Frog, clearly identical
with the granule blood-cell of the Skate in the coarsely granular stage, is roundish,
and contains clear granules strongly refracting the light, like those of the same cell
in the blood of the Skate, only not so large (fig. 1 @.). These granules are usually
collected in greater number to one side., The cell itself I have seen, on carefully
watching it in blood drawn from the living animal, exhibiting changes of shape with
movements of the granules, such as have been above deseribed in regard to the
granule-cell of the Skate (par. 7 ef seq.).

25. By the addition of water this granule blood-cell becomes somewhat distended,
and if then very much diluted acetic acid, or rather to express myself more cor-
rectly, water very slightly acidulated with acetic acid, be added, the granules are
dissolved and a cellzeform nucleus about 35'55th of an inch in diameter comes into
view (fig. 1 b.). If stronger acetic acid is added, instead of one such nucleus, the ap-
pearance of two or more smaller ones lying close together is apt to be presented.

26. The granule blood-cell in the finely granular stage of the Frog, when by the
action of water it has become distended, presents itself of a regular cirenlar form with
a diameter usually about ';5th or 13;5th of an inch, but sometimes greater, some-
times less (fig. 2 b.). It contains an indistinctly granular matter which does not
refract the light much, and therefore it appears very pale.

27. Before being acted on by water, the cell under consideration usually presents
itself of an irregular shape with processes shooting out from it (fig.2 a.), After the
blood is drawn, it rapidly undergoes the change to this shape, which, it is to be ob-
served, is somewhat analogous to the change of shape which the coarsely granulous
blood-cell presents.

28. When by the action of water the cell has been distended, a cellzform nucleus
is sometimes already visible in the interior through the finely granular contents
(fig. 2 b.), but by the action of acetic acid one is always bronght distinctly into view.
The diameter of this celleeform nucleus in the state of distention in which it is seen,
may be put down at about ;5%5th of an inch.

29. Instead of one celleeform nucleus of this size, an appearance of two, three, or
even four smaller ones, may be brought out (fig. 2 ¢.), and this even more readily than
in the case of the coarsely granulous cell (par.25.). I am satisfied, however, that this
is in both cases merely an appearance produced by the shrivelling together of the
walls of the single cellzeform nucleus in consequence of the action of the acetic acid.

30, It is proper to observe, that I have come to this conclusion only after having
particularly tested the point by repeated, careful, prolonged and varied observations.
Nor is the determination of the point of small moment, as on the appearance of a
multiple nucleus which I have thus shown to be artificially produced, and on a similar,
but I believe equally artificially produced appearance of a multiple nucleus in the
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pus-corpuscle, a particular view has been founded as to the first formation of the
nucleus, and indeed as to cell development generally. This subject I hope to consider
on another occasion.

31. To return. I have observed that when the blood was treated with water first,
so as to distend fully the cells in question, and then the acetic acid added in a very
dilute state, never more than a single large celleform nuclens came into view;
whereas if the acid was added a little less diluted, and before the distending action
of the water had been allowed to have its full effect on the cell, very generally an
appearance of two or more small celleeform nuclei came into view. Though these
nuclei have sometimes appeared as if detached from each other, they have been usually
in contact, and I have been able to trace the contour of the original single celleeform
nucleus from the one small body to the other.

32. By the action of water alone I have, indeed, sometimes seen, in those cells in
which the nucleus is already visible through the finely granulous contents, an appear-
ance as if the nucleus were subdivided into smaller, but very generally this has not
been the case.

33. The distortion of shape, produced by external agencies, which I have now
described as giving a false idea of the real structure of the celleeform nucleus of the
granule-cell of the Frog, has its analogue in the now well-known distortion which
the primitive tubules of nervous substance so readily undergo.

34. Nucleated Blood-cells—Uncoloured stage.—In the blood of the Frog, besides
the granule-cells just deseribed, there are seen uncoloured but distinet and well-
defined corpuscles, round or oval, finely granulated, and refracting the light to a
certain degree, and about 34';5th of an inch in diameter.

35. These corpuscles are apt to be confounded with the granule-cells, and appear
to have been sometimes taken for free nuclei. They are nuclei but not free*, being
surrounded by a cell-wall, which, without a good microscope and good light, is readily
overlooked on account of its great paleness. This very pale cell, with distinct nucleus,
which is the nucleated blood-cell in the uncoloured stage, may be circular (fig. 4.),
or oval (fig. 5.), and of a size approaching that of the red corpuscle, or nucleated cell
in the coloured stage.

36. Sometimes the pale cell-wall so closely embraces the nucleus as not to be
distinguishable at all until distended and brought out by the addition of water, when
it appears as represented in fig. 3.

37. This nucleated blood-cell in the uncoloured stage of the Frog is very similar
to that of the Skate, the principal or indeed only difference being that its nucleus has
become solid-looking and condensed, so that it has little of the eelleeform appearance
which the nucleus of the corresponding cell in the Skate presents.

38. Nucleated Blood-cell—Coloured stage—This is the well-known red oval cor-
puscle of the blood of the Frog (fig. 6.). It is the counterpart of the red oval cor-

* There may sometimes be seen free nuclei (par. 101.), Note.
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pusele, or nucleated blood-cell in the coloured stage of the Skate, as above mentioned.
The principal difference between the cells in question in the two animals, is in the
character and appearance of the nucleus; whilst in the red cell of the Skate, the
nucleus, though more or less oval, still retains its celleform appearance ; in that of
the Frog it is still more solid-looking and condensed than it was in the nucleated
cell in the uncoloured stage, and at last acquires the appearance as if consolidated
by fusion into a small oval-shaped homogeneous mass.

39. The development of the red oval corpuscle or nucleated cell in the coloured
stage from the nucleated cell in the uncoloured stage, can be readily understood to
take place by the latter secreting into its interior colouring matter, becoming at the
same time enlarged, and all this in the manner above explained in regard to the red
nucleated cell of the Skate.

40. But as to the development of the nucleated eell in the uncoloured stage from
the phase of granule-cell, this appears to take place in the following manner:—The
celleform nucleus of the granule-cell becomes developed into the solid-looking
nucleus at the expense of the granules which disappear. As this takes place, the cell-
wall contracts around the nucleus, becoming thicker and stronger, and by and by
only becomes distended again by the accumulation of contents, as above described
in the case of the Skate (par. 17.)*.

41. The blood-corpuscle of the Frog in its phases of development, thus resembles
in all essential respects the blood-corpuscle of the Skate.

42, It would be supererogatory to institute a formal examination and comparison
of the blood-corpuscle of any other oviparous vertebrate animal, but for the sake of
what comparison may be desired, I have given figures of the blood-corpuscle of a bird
in its different phases of development.

43. I now come to consider the blood-corpuscle of Man and the Mammifera in its
different phases of development.

In the first place, it is to be observed that, as in the early embryonic state of the
Mammifera, the red corpuscles of the blood are most of them very different from the
red corpuscles of the blood in a more advanced stage of intra-uterine life as well as
after birth, I will, in treating this subdivision of my subject, first examine the blood-
corpuscles of the early embryo of a mammiferous animal, comparing them at the
same time with those of the oviparous Vertebrata; and then I will examine the
corpuscles of the fully-formed blood of Man and the Mammifera, comparing them
with those of the early embryonic blood of the same class, and also with those of
the blood of the oviparous Vertebrata.

* The probability of such a mode of development of the red corpuscle of the blood of the Frog from the
*lymph" or “* colourless™ corpuscle (granule-cell), has been already well-advocated by Professor H. Nasse
and also by Dr. Bacy in his translation of Mi'rLer's Physiology.
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Examination of the Blood-corpuscles of an Embryo Oz, about 1} inch in length, and a
comparison of them with those of Oviparous Fertebrate Animals.

44. The blood of this embryo presented the following kinds of corpusecles :—
1. Granule-cells in coarsely granular and finely granular stages.

2. Nucleated cells in uncoloured and coloured stages.

3. Small red corpuscles similar to those of the fully-formed blood of the animal.

45. Granule-cells—Some of these contained pretty large and well-defined granules
and refracted the light strongly,—coarsely granular stage (fig. 1.) ; others presented
less defined granules, and refracting the light less, ﬁp];reurn:d very delicate and pale,—
finely granular stage. Fig. 3 represents one of these cells with the celleeform nucleus
already visible through the finely granular contents; this may be viewed as a
transition to the phase of nucleated cell, whilst fig. 2 represents a granule-cell inter-
mediate between the coarsely and finely granular stages.

46. The size of these granule-cells was from about Jgzth to about 15'y5th of an
inch in diameter.

47. Nucleated Cells—Uncoloured stage—In these, as in the corresponding cells of
the blood of the Frog, the nucleus, quite celleeform however, was very distinct, present-
ing a contrast with the scarcely visible cell-wall (fig. 4.). In some, as above described
in the Frog (par. 36.), the cell-wall closely embraced the celleform nucleus, so that
this at first appeared free, until by the addition of water the extremely pale cell-wall
was brought out. Often the distention of the cell-wall took place on one side only,
presenting the appearance delineated in figure 5. In some again the cell-wall was
not only distended but pretty distinct, and even slightly reddish (fig. 6.).

48. The size of the celleform nucleus was from 455th to 33'5sth of an inch in
diameter, and the cell itself in those in which it was distended from about 53'55th to
tagoth of an inch in diameter.

49. Nucleated Cells—Coloured stage—Most of these were circular (fig. 7 a.), but
some were oval (fig. 8.). The circular measured about 155th of an inch in diameter.
The oval measured about +3%4th in the long diameter and about 3y55th of an inch
in the short diameter. The celleform nucleus, when not at first evident, was brought
distinctly into view by the addition of very dilute acetic acid, or even of water merely.
It was circular, and measured from about ;i%sth to about 5g'suth of an inch in
diameter (fig. 7 4.).

50. As to the small red corpuscles similar to those of the fully-formed blood (fig. 9.),
they were rather larger than in the grown animal. They closely resembled the
cellzform nuclei of the nucleated cells, only they were red, whilst the latter were
uncoloured. There were some free corpuscles however uncoloured which resembled
the cellzeform nuclei of the nucleated cells, and also the small red corpuscles minus
Ltheir colour.

51. Not baving yet had an opportunity of examining the blood on its first appear-
ance in the mammiferous embryo, I do not know if small red corpuscles already
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exist then, but in embryos a little further advanced than that, the blood of which is
at present under consideration, I found the number of small red corpuscles greater,
—that of the nucleated red corpuscles less ; and in feetuses still farther advanced, the
well-marked nucleated ved corpuscles had altogether given place to the small red
corpuscles,

52. Putting the small red corpuscles out of view, the blood of the early mammiferous
embryo here examined resembles the blood of the oviparous Vertebrata in presenting,
besides granule-cells, nucleated cells both in uncoloured and coloured stages.

53. In regard to the red nucleated cells it is to be remarked, that the circular ones
were the most numerous, and as they are identical in appearance, size and structure,
with the red corpuscles of the blood of the Lamprey, with the exception that their
celleform nuclei are larger, the blood of the mammiferous embryo might be com-
pared to a mixture of the blood of the Lamprey, with a small quantity from a skate
or frog to supply the few oval red nucleated cells, and a small gquantity from a calf to
supply the small red corpuscles.

54. I now proceed to examine the corpuscles of the fully-formed blood of Man and
the Mammifera, and to compare them with those of the blood of the early mammi-
ferous embryo and of oviparous vertebrate animals.

Examination of the Corpuscles of the fully-formed Blood of Man and the Mammifera,
and a comparison of them with thoese of the Blood of the early Mammiferous Embryo
and of Oviparous Fertelrate Animals.

55. In this examination and comparison, I will inquire,—first, if there be any cor-
puscles corresponding to granule-cells; secondly, if any corresponding to nucleated
cells ; and lastly, if the “red corpuscles™ are found not to correspond to nucleated
cells in the coloured stage, I will inquire into what they correspond to.

56. Here I omit, as I did above in the case of the blood-corpuscles of the Frog, the
use of the terms “Ilymph” and “colourless” corpuscles as altogether destitute of
definite meaning, purposing in the second part of this paper to consider, likewise
in the case of Man and the Mammifera, what relationship exists between the corpus-
cles of their blood, usually confounded together under these names, and the corpus-
cles of their lymph.

57. Granule Blood-cells.—The corpuscles in the blood of Man and the Mammifera
corresponding to the granule-cells of the blood of the animals above considered, are
certain of those commonly spoken of under the name of “lymph” or * colourless”
corpuscles—not all, as will be shown below, par. 66.

58. Both coarsely and finely granular stages of the granule-cell may be recog-
nised. In human blood they in general become speedily collapsed after the blood is
drawn, and some, especially those in the finely granular stage, may be seen on careful
inspection shooting out processes (fig. 2 a.) like the same cells in the blood of the
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Frog (par.27.). In this state they look as if they had burst, but such is not the case
in general.

59. By the addition of water, the collapsed granule-cells become distended and
their appearance is thus distinetly brought out. Fig. 1 a.represents the human gra-
nule-cell in its coarsely granular stage thus distended ; the contained granules, it
will be observed, are minute, and on attentive observation they are seen to be in active
molecular motion.  Fig. 2 b. represents the finely granular stage of granule-cell of
human blood, distended by water.

60. The granule-cell of human blood is sometimes seen to present, though not very
strikingly, a clear spot indicating, as I think, the place of the nucleus, similar to that
above represented in the case of the granule-cell of the Skate.

61. When distended by the action of water the human granule blood-cell is about
sagoth of an inch in diameter.

62. Fig. 3 a. represents the granule-cell, coarsely granular stage, and fig. 4 the
granule-cell in its finely granular stage of the blood of the Horse. Figs. 5 a. and 6
represent the coarsely and finely granular stages of the granule-cell of the blood of
the Elephant. It will be observed that the diameter of these cells is somewhat greater
than that of the granule-cell of human blood, but the principal difference is the size of
the contained granules in the coarsely granular stage. Whilst in the granule-cell,
coarsely granular stage, of the Horse the granules may be estimated in round
numbers at about % th of an inch in diameter, those in the same cell of the Ele-

5,000
phant are about ;1. th, and those in the human granule blood-cell about . t--th.

63. If, after the granule blood-cell has been distended by the action of water, very
dilute acetic acid be added, the contained granules are dissolved, and a celleform
nucleus brought into view. Fig. 1. represents a human granule-cell so acted on;
fig. 3b. a granule blood-cell of the Horse similarly acted on; and fig. 5 b. a granule
blood-cell of the Elephant in the process of being acted on by acetic acid. This last
drawing was made before the granules were all dissolved, but when the celleeform
nucleus was already distinetly in view. In the case of the cells here represented, as
indeed in the case of many others, I watched the progress of the action of the acetic
acid on the granules and the coming into view of the celleeform nucleus.

64. If, before the addition of the acid, the granule-cell has not been distended by
the action of water, and if the acid has not been much diluted, instead of one cellae-
form nucleus of the size represented, and which in the human granule-cell may be
about gg'sgth of an inch in diameter, but larger in the Elephant and smaller in the
Horse, an appearance of several smaller ones variously aggregated may be brought
out. This, however, in opposition to what is generally believed, and in opposition to
what I myself once believed, I can affirm most positively is merely an appearance
artificially produced by the corrugating action of the acid on the walls of the single
celleform nucleus, altogether in the manner above shown to be the case with the
celleform nucleus in the corresponding cells of the blood of the Frog.

e L e
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65. Nucleated Blood-cells— Uncoloured stage—In human blood to which water has
been added, besides the distended granule-cells, cells of the same size may be seen,
not containing granules, but presenting most distinetly a single celleeform nucleus
(fig. 7.). Such cells resemble the granule-cell deprived of its granules by the action
of acetic acid. Moreover, it will be observed that they are essentially similar to the
nucleated blood-cells in the uncoloured stage of the blood of the mammiferous embryo
and of the oviparous vertebrate animals. In their mode of development from granule-
cells, as indicated by the oceurrence of cells in transition stages (fig. 10.) as well as in
their structure, they are in fact clearly identical. I recognise them therefore as the
corpuscles in human blood in the phase of nucleated cell, uncoloured stage,

66. In consequence of the collapsed state into which they fall immediately on the
blood being drawn (fig. 8.), these uncoloured nucleated cells of human blood are
scarcely to be distingunished from the collapsed granule-cells (fig. 2 a.) until after dis-
tention by water. They are usually confounded with them under the same name of
“lymph” or “colourless™ corpuscle.

67. In Lhe bload of the mammiferous animals which I have yet examined in refer-
ence to the point under consideration, viz. the Horse, Elephant, Paco, Sheep, Goat
and Rabbit, uncoloured nucleated cells likewise exist, those of the blood of one ani-
mal resembling those of the blood of another, and all resembling those of human
blood in all essential particulars of structure. What difference there is consists in
the size of the cell, but especially in the size of the celleeform nucleus, as may be
seen by comparing the figures 9 and 11 of the nucleated blood-cells of the Ele-
phant and Goat for example ; the celleeform nucleus of the former being about 555th,
that of the latter only about gg'55th of an inch in diameter.

68. Nucleated Blood-cells— Coloured stage.—In the blood of Man unacted on by re-
agents I have not yet observed such corpuscles, but in the blood of other mammifera
which I have examined, especially in the blood of the Horse and Elephant, I have
observed them. Fig. 13 represents one of several such corpuscles observed in the
blood of the Horse which had been drawn from the animal for a day or two, but to
which no water or other reagent had been added either before or during the exami-
nation. The transparent and colourless circumferential ring, the optical expression
of the transparent and colourless cell-wall doubled on itself, formed a striking con-
trast with the red-coloured interior of the cell, as did also the uncoloured circum-
ference of the cellzeform nucleus. This nucleated cell differed from the nucleated cell
in the uncoloured stage in not being collapsed. The one delineated was not plumply
distended, but others were. Fig. 14 represents a coloured nucleated cell from the
blood of the Elephant more fully distended.

69. Fig. 15 a. represents a nucleated cell slightly tinged red, which was observed
in human blood, but only after the addition of water; fig. 15 b. represents a still more
slightly tinged nucleated cell, observed likewise after the addition of water, in the
blood of the Horse, and figs. 16 and 17 represent similar ones from the blood of the

L2



74 MR. T. WHARTON JONES ON THE BLOOD-CORPUSCLE CONSIDERED IN

Sheep and Paco. These may be looked on as transitions from the uncoloured to the
coloured stage of nucleated cell, such as have been above referred to in the blood
of the early mammiferous embryo and in that of the oviparous Vertebrata.

70. Having thus demonstrated, besides granule-cells both in coarsely and finely
granular stages, nucleated cells, both in uncoloured and coloured stages, in the
fully-formed blood of the Mammifera, as well as in their early embryonic blood,
though in much smaller number and of a much less deep colour as regards the cells
in the coloured stage*, I now come to inquire into the nature of the well-known
“ red corpuscles” of the fully-formed blood of the Mammifera.

71. “ Red Corpuscle” of the fully-formed blood of Man and the Mammifera.—In con-
sequence of similarity of colour, it has been generally taken for granted that this is
the exact analogue of the “red corpuscle™ or coloured nucleated blood-cell of the
oviparous Vertebrata. Physiologists have accordingly supposed that it should contain
a nucleus ; but though unsuccessful in the attempt to demonstrate one, they have not
altogether ceased to believe in the existence of an exact analogy between it and the
“red corpuscle” or coloured nucleated blood-cell of the oviparous Vertebrata; they
have rather had recourse to conjecture to account for the absence of a nucleus.

72. In reference to this point, the red nucleated cell of the blood of the early mam-
miferous embryo has been especially appealed to; it being considered by Mr. Gur-
Liver, and I think correctly, as the exact analogue of the “ red corpuscle” or coloured
nucleated blood-cell of the oviparous Vertebrata. But to take it for granted that
the “red corpuscle” of the fully-formed blood of the Mammifera is the exact
analogue of the red nucleated cell of their early embryonic blood, is not more war-
ranted than to take it for granted that the “red corpuscle” of the fully-formed blood
of the Mammifera is the exact analogue of the red nucleated blood-cell of the ovipa-
rous Vertebrata.

73. Under the impression however that the “red corpuscle™ of the fully-formed
blood of Man and the Mammifera is the exact analogue of the red nucleated cell of
the blood of the early mammiferons embryo, Mr. Guruiver endeavours to account
for the absence of a nucleus in the former by supposing that it disappears at an early
period of intra-uterine life. This apology for the absence of a nucleus in the “red
corpuscle” of the fully-formed blood of Man and the Mammifera, would have had
weight if the “red corpuscle” had been an object persistent throughout life like a
limb or an eye, but as it is an object constantly disappearing and being regenerated,
we should expect, if it were really a nucleated cell originally, to meet with it in a
stage when it does contain a nucleus.

* It is proper to mention that an appearance simulating that presented by the circumferential doubling of
the cell-wall and by the slightly coloured interior of the nucleated cell, coloured stage, of fully-formed mam-
miferous blood, may be produced by the diffraction of the light around any corpuscle. As the diffracted shadows

referred to however are always concentric with the corpuscle, error from this source may with certainty be

avoided by the unpractised observer in all those cases at least, in which the celleform nucleus is situated eceen-
trically within the cell,
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74. Professors H. Nasse*, Scuurrz and Hexce}, who appear to have observed
the nucleated cell of the fully-formed mammiferous blood both in its uncolonred and
coloured stages as above described, have supposed it to be the ““red corpuscle” in
such a stage. But its larger size (compare figs. 13 and 20, 14 and 23, 11 and 24)
seems to forbid such a supposition. Supposing however that this objection could be
waived, still it is nothing but unsupported conjecture to say that the nucleated cell
and the “ red corpuscle” are evactly the same body in different stages of development.

75. On the other hand, there is a chain of evidence which appears to me to point
forcibly to a different view of the nature of the * red corpuscle” of the fully-formed
blood of Man and the Mammifera, whilst by implication it as forcibly forbids the
supposition that the nucleated cell and “red corpuscle” are exactly the same body
the latter the same as the former, only minus its nucleus, and with an increase of
colour.

76. The view of the nature of the “red corpuscle” of the fully-formed blood of
Man and the Mammifera to which I refer is this: the “ red corpuscle™ of the fully-
formed blood of Man and the Mammifera is the cellzeform nucleus of the nucleated
cell set free by the bursting of this cell itself, and become filled and red by the secre-
tion of globuline and colouring matter into its interior; and the chain of evidence
which appears to me so forcibly to point to it is the following :—

77. 1st. Correspondence in Size between the Celleform Nucleus of the Nucleated Cell
and the * Red Corpuscle.”—Whilst, as we have seen, there is a marked difference in size
between the nucleated cell and the “red corpuscle” of the same blood, there is on
the contrary a striking correspondence in size between the celleeform nucleus of the
nucleated cell and the “ red corpuscle.” A glance at the figures will show this. In
human blood, in which the *red corpuscle” is large, the cellzform nucleus of the
nucleated eell is large. In the blood of the Horse, in which the “red corpuscle” is
less, the celleeform nucleus of the nucleated cell is also less.  Again, in Sheep’s blood,
in which the “ red corpuscle” is still less, the cellaeform nucleus of the nucleated cell
is still less.

78. These facts, and the fact already pointed ont by Mr. GurLLiver, that the nucleus
of the red nucleated corpuscle of the blood of the early mammiferous embryo is abont
the same size as the “red corpuscles™ in the same blood, which are similar to those of
the fully-formed blood of the animal, were sufficient to draw my attention to the
correspondence in size between the celleform nucleus of the nucleated cell and the
“red corpuscle,” but not sufficient to satisfy me that it was more than a coincidence,
I therefore became desirous of testing further the correspondence; and for this
purpose it occurred to me that the blood of the Elephant (in which the “red cor-
puscles” are larger than those of any mammiferous animal, as Mr. GuLLiver has

* Article *“ Lymphe,"” Waexer's Handwirterbuch. The blood referred to by Nasse was that of pregnant
women especially.

+ MiisLer's Archiv, 1839, p. 252. The blood examined was that of the Elephant,

} Algemeine Anatomie, p. 444, PL. IV, fiz. 1 E. ¢. The blood referred to appears to be human bload,
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shown) and the blood of the Napu Musk Deer (in which, according to the same
authority, the red corpuscles are smaller than those of any other mammiferous animal)
would be well-adapted.

79. Accordingly I made application to the Council of the Zoological Society for
leave to obtain a minute quantity of blood from the animals I have mentioned.
With this request the Council of the Society readily complied *, so far as regards the
Elephant, but could not as regards the Musk Deer, there being at present no spe-
cimen ir their menagerie. As a substitute for the blood of the Musk Deer I have
had recourse to that of the Goat, as distinguished for very small * red corpuscles.”

80. The result of my examination of the blood of the Elephant is, that the cellze-
form nucleus of the nucleated cell is larger than that of any other animal the blood
of which I have examined, and that it presents a remarkable and exact correspond-
ence in size with the “red corpuscle” of the same animal. (See figs. 9 and 23.)

81. The result of my examination of the blood of the Goat is, that the celleform
nucleus of the nucleated cell is smaller than that of any other animal the blood of
which I bave examined. As toits correspondence in size with the red corpuscles, this
does not at first view appear so complete as in the preceding instances; the large
majority of ““ red corpuscles” being smaller than the cellieform nucleus of the nucleated
cell. There are, however, some “red corpuscles” which exactly correspond in size
with the celleform nucleus of the nucleated cell (see figs. 11 and 24), and these have
all the characters of the early stage. (See below, par. 86.)

82. Notwithstanding this slight diserepancy in the blood of the Goat, which more-
over is rather apparent than real, I believe that it will be admitted as a general pro-
position, that there is a close and constant correspondence in size between the cellee-
form nucleus of the nucleated cell and the * red corpuscle™ of the same blood.

83. 2nd. Correspondence in Form between the Celleeform Nucleus of the Nucleated Cell
and the “ Red Corpuscle.”—In the blood of the animals which I had hitherto examined,
I had found the celleform nucleus of the nucleated cell circular, and therefore so far
corresponding in shape with the “red corpuscle;” but not considering this con-
clusive as to the existence of an essential relation in respeet of form, it oceurred to
me that the point might be tested by a reference to the blood of the Camel tribe, in
which the red corpuscles are of an oval shape.

84. Accordingly, availing myself of the liberal permission granted me by the
Council of the Zoological Society, I procured a small quantity of the blood of the
Yaco, and subjected the celleform nucleus of its nucleated cells to a comparison with
its “red corpuscles.” The result was that in the nucleated cells generally the celleeform

* I most gladly seize the present opportunity to express my sense of the obligation thus conferred on me by
the Council of the Zoological Society.

t The disproportion in size between the nucleated cell and the * red corpusele” of the blood of the Goat is
#till greater than that between the nueleated cell and the * red corpuscle” of the blood of the other mammiferous
ammals which I have examined, and therefore still more strongly forbids the supposition that the nucleated cell
und the *red corpuscle” are the same body.
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nuclens was circular (fig. 12.). In a few nucleated cells indeed the celleform nucleus
was of a somewhat oval shape (fig. 17.), but this did not seem to be more than what
I had occasionally observed in the blood of those Mammifera, in which the “red
corpuscles™ are circular.

85. My reference to the blood of the Paco thus appeared to decide against an
essential correspondence in form between the celleeform nucleus of the nucleated cell
and the “red corpuscle.” A little further study of the blood of the Paco however
soon cleared away this apparent difficulty, and showed me a state of things more
corroborative of mny view regarding the nature of the “red corpuscle,” and in much
closer correspondence with analogy perhaps than would have been that which I sup-
posed possible. I discovered, in fact, corpuscles in different stages of transition, from
the circular form similar to that of the celleeform nucleus within the nucleated cell,
to the oval form of the perfect “red corpuscle;” and I also discovered that in these
different stages of transition in respect of form there are different degrees of colora-
tion (figs. 26, 27, 28, 29, 30.).

86. I had already observed progressive degrees of coloration in the circular “ red
corpuscles” of the Mammifera generally. Thus, in the blood of the Horse, for example,
I had observed corpuscles (fig. 19.) similar on the one hand to the * red corpuscle”
(fig. 20.) but uncoloured, and on the other to the celleform nuecleus of the nucleated
cell (fig. 15.), and this in all respects. Such corpuscles I was disposed to regard as
celleeform nuclei recently set free from the nucleated ecells, but not yet reddened by
the secretion of colouring matter into their interior. Again, I had observed corpuscles
similar to those just mentioned but presenting a red tinge in the middle, the circum-
ference untinged appearing like a transparent and colourless ring (fig. 21.) ; but the
combination of progressive stages of coloration of the “red corpuscle” with its pro-
gressive changes of form in the blood of the Paco is peculiarly interesting.

87. The transition from the circular to the oval shape presented by the ¢ red cor-
pusele” of the Paco, is analogous to that which we have seen presented by the red
nucleated cell of the oviparous Vertebrata, It is also worthy of remark, that like
the latter the oval red corpuscle of the Paco is reduced to a circular form by the
action of water (fig. 31.). The progressive degrees of coloration are also analogous
to what are presented by the nucleated cells of the blood of the oviparous Vertebrata.
But it is curious to observe, that whilst among the Mammifera the attainment of the
oval form by the “red corpuscle” is exceptional, among the oviparous Vertebrata
the attainment of the oval form by the red nucleated cell is the rule.

88. But to return to the bearing of the facts I have now related on the question
before ns. They show that originally the * red corpuscles*” of the Paco are of a eir-
cular form like the “red corpuscles™ of other mammifera, but that whilst the latter
remain circular, the former gradually acquire an oval shape. From this it follows that
the circular form of the celleeform nucleus of the nucleated cell of the blood of the
Paco, so far from being an objection to the view of the nature of the “red corpuscle”

* In their original circular form they are as yet uncoloured.
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of the Mammifera which I am advocating, is just what should be aceording toit. In
short, I consider the * red corpuscle” of the Paco, in its circular form and as yet un-
coloured state, to be, like the similar corpuscles referred to in par. 86, celleeform
nuclei but recently set free from the nucleated cell.

89, 3rd. Correspondence in Structure between the Celleform Nucleus of the Nucleated
Cell and the < Red Corpuscle.”—The cellzeform nueleus of the nucleated cell is a simple
cell or vesicle without nucleus or nucleolus, and as such exactly resembles the “red
corpuscle”™ minus its red coloured contents. Indeed, when by the action of water
the “ red corpuscle” is deprived of its red coloured contents without being rendered
indistinet, the resemblance in respect of structure is very striking, as indicated by the
lumen and transparent circumferential ring—the optical expression of the double
contour of the wall of the collapsed cell or vesicle.

90. As already said, “ red corpuscles™ may oceur uncoloured or with the lumen
only red, the circumferential ring just referred to remaining transparent and colour-
less. This indicates that the colouring matter is contained in the interior of the cell
orvesicle. Inits perfect state however the ““ red corpusele™ appears red at the circum-
ference also, owing, apparently, to its wall being impregnated with colouring matter.

91. The absence of anything like a nucleus in the *“red corpuscle” of the fully-
formed blood of the Mammifera is in correspondence with the absence of anything of
the kind in the celleform nuclens of the nucleated cell. The appearance of dots, as
if of nucleoli, occasionally seen in the latter, I consider to be mere corrugations, similar
to those which give rise to the mulberry appearance which the red corpuscle is so
prone to assume. '

92. Before admitting the correspondence in size, form and struetare, between the
celleform nucleus of the nucleated cell and the “ red corpusele™ of the blood of the
Mammifera which I have now demonstrated, as evidence in favour of their identity,
it will be proper toinquire if there be any points of difference between them sufficient
to constitute evidence to the contrary effect.

93. Points of Difference between the Cellwform Nucleus of the Nucleated Cell and
the * Red Corpusele”—1st. The celleform nucleus of the nucleated cell refracts the
light more than the “ red corpuscle.” 2nd. The cellaeform nucleus is not affected by
water or acetic acid like the * red corpuscles”—the former being by the action of these
reagents rendered more distinet, the latter renderved indistinet. These circumstances
indicate a chemical difference between the cellform nuclens and the “red cor-
puscle,” and if a satisfactory explanation of them could not be offered they would
constitute a powerful argument against my view. But I believe the following ex-
planation will remove the difficulty.

94. The objection against the identity of the Cellaform Nucleus and © Red Corpuscle”
which might be founded on the different modes in which they refract light, and are
affected by Chemical Reagents, explained away.—The differences mentioned are striking
enough between the celleform nuclens and the * red corpuscle ™ in its perfect state ;
but if we take the “red corpuscle” in the stage when, as I have already deseribed,



ITS DIFFERENT PHASES OF DEVELOPMENT IN THE ANIMAL SERIES. 79

it is as yet uncoloured or presents colour only in its interior, then we find but little
difference between it and the celleeform nucleus of the nucleated cell, either in the
mode in which it refracts light, or in which it is affected by water or acetic acid.
Even when fully red, the * red corpuscles™ are not all equally affected by the action of
water or acetic acid; some being always seen which resist to a greater or less degree
the action of these reagents. Such corpuscles have been considered to be advanced
formations, they appear to me on the contrary to be recent.

95. From this it appears that the “red corpuscle” in its advanced stage does not
differ, in the respects under consideration, more from the celleeform nucleus of the
nucleated cell than it does from what is undoubtedly itself in an early stage. The
differences mentioned therefore argue nothing against the identity of the celleform
nucleus and the “ red corpuscle.”

96. There being thus no evidence to the contrary effect, the correspondence in
size, form and structure, between the celleform nucleus of the nucleated cell and the
““red corpuscle” of the blood of the Mammifera, which I have now demonstrated,
will I believe be admitted to constitute pretty forcible evidence as to their identity.
Whether any additional evidence can be adduced will be seen in the sequel*,
par. 106.

97. If the view of the origin and nature of the “ved corpuscle™ of the fully-formed
blood of Man and the Mammifera which I have now given be correct, this “red cor-
puscle” must be considered as a third phase of development of the blood-corpuscle,
and of which there occur uncoloured and coloured stages. This third phase I pro-
pose to call the phase of free cellaform nucleus-.

98. The different phases and stages of development of the blood-corpuscle in the
Vertebrata, such as I have now traced them, may be summed up thus:—In all the
vertebrate animals examined, oviparous, and mammiferous, we find blood-corpuscles
in what I call the first phase of development, or phase of granule-cell, this presenting

* The view of the nature of the * red corpuscle’ of the fully-formed blood of Man and the Mammifera which
I have now propounded, must not be confounded with VarexTin's view that the blood-corpuscles are nuclei,
seeing that he makes no distinction between the blood-corpuscles of the oviparous Vertebrata and those of the
Mammifera in this respect. Considering them as analogous to each other, he views them equally as nuclei.
The nuclei of the * red corpuscles™ of the oviparous Vertebrata he considers to be nucleoli. According to my
view, on the contrary, the “red corpuscles” of the blood of Man and the Mammifera are not the analogues of
the “red corpuscles™ of the blood of the oviparous Vertebrata, but strictly the analogues of their nuclei, as
alzo of the nuclei of the nueleated *“red corpuseles™ of the blood of the early mammiferous embryo.

Messrs. Gunriver and Resak have made observations on the blood of the Horse, from which they have inferred
that the “ red corpuscles' are formed within the ** colourless ones,” and that they become free by sclution of
the latter. GuLrives however represents colourless corpuscles containing, some one, some two, and some
even four ‘“red corpuscles,” and these nearly as large as the free *“ red corpuscles™ of the animal. Remax, in
like manner, speaks of one or more “ red corpuscles” being formed within the colourless ones.  Such appearances
I have never observed.

1 It appears almost unnecessary to remark, that this view of the nature of the ** red corpuscle” of the fully-
formed blood of Man and the Mammifera, completely sets aside the vexed question of a nucleus.

MDCCCXLVI. M
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in a more or less marked manner two principal stages, a coarsely and a finely gra-
nularstage. In all the animals examined we likewise find blood-corpuscles in what I
call the second phase of development, or phase of nucleated cell ; this again present-
ing two principal stages, an uncoloured and a coloured. In Branchiostoma lubricum
alone of all the oviparous Vertebrata, we have seen reason to conjecture (par. 20.)
that the nucleated blood-cell occurs in the uncoloured stage only, or if a coloured
stage exists, that the coloration is only in a very slight degree.

99. In regard to the nucleated blood-cell in the coloured stage, it is to be observed
that it occurs in its highest degree of development and in great number only in the
oviparous Vertebrata, in which it constitutes the “red corpuscle,” and in the early
mammiferous embryo. In the fully-formed blood of the Mammifera it occurs in a
comparatively low degree of development, and in very small number.

100. It is in the Mammifera alone that we find the blood-corpuscle in what I eall
the third phase of development, or phase of free celleform nucleus®*. This exists in
both uncoloured and coloured stages. In the former stage it is rare, in the latter it
is the “ red corpuscle™ of the fully-formed blood of Man and the Mammifera. In the
early mammiferous embryos which I have examined there have always been, in addi-
tion to the numerons “red corpuscles” similar to those of the oviparous Vertebrata,
i.e. red nucleated blood-cells, some “red corpuscles” similar to those of the fully-
formed mammiferous blood. Is there a period in the development of the mammi-
ferous embryo when there exist in the blood no such “red corpuseles,” viz. free cel-
lzeform nuclei in the coloured stage ?

The summary now given will be found both tabularly and pietorially illustrated by
the Plate.

Parr II.

In this part of my subject, I purpose to examine the corpuscle of the lymph of
vertebrate animals, and to compare it with the corpuscle of their blood.

The Corpuscle of the Lymph of the Skate and Mackerel.

101. The lymph of the Skate examined was obtained from the orbit in very small
quantity, and could not be considered a good specimen. The corpuscles were be-
sides a few granule-cells, nucleated cells in the uncoloured stage,~the cell-wall of
many extremely pale,—and some nucleated cells in the earlier stage of coloration,—
all identical with the corresponding corpuscles of the blood of the animal. (See
figs. 1 to 6.)

102. The lymph of the Mackerel, taken as an example of an osseous fish, was like-
wise obtained from the orbit, and might be viewed as a good specimen. It contained
granule-cells, nueleated cells in the uncoloured stage,—many with the cell-wall so
pale as to be readily overlooked without attentive examination,—and nucleated cells

©* Free nuclei, which may be met with in the blood of oviparous Vertebrata, are to be looked upon as mere
abortions of a third phase of the blood-corpuscle,
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in the earlier part of the stage of coloration,—all identical with the corresponding
corpuscles of the blood of the animal.

The Corpuscle of the Lymph of the Frog.

103. The lymph subjected to examination was obtained from one of the posterior
lymph hearts. The corpuscles were,—1st. Corpuscles at once recognisable as identical
with the granule-cells of the blood of the animal, and these in both coarsely and finely
granular stages. There were also cells in transition from granule to nucleated
cells. 2nd. Corpuscles which at first sight appeared to be free nuclei, but were dis-
covered on closer examination to be inclosed within cells of a circular or oval form,
and extremely pale. The identity of these cells with the nucleated cells, uncoloured
stage, of the blood of the animal could not be overlooked. 3rd. A considerable num-
ber of red nucleated cells, the same as the “ red corpuscles” of the blood. Many of
these no doubt were derived from small blood-vessels which had been cut in opening
the lymph heart, but some of them I am inclined to believe belonged to the contents
of the lymph heart, those especially which appeared to be in an early stage of colora-
tion. (See the figures of the blood of the Frog.)

The Corpuscle of the Lymph of the Common Fowl.

104. The lymph subjected to examination was obtained fromn a lymphatic gland.
It contained.—1st. Corpuseles about 55'55th of an inch in diameter, less or more, iden-
tical with the granule-cells of the blood of the same animal ; some being in coarsely
and some in finely granular stages (figs. 1 to 2.). 2nd. Corpuscles in much greater
number than the preceding, of the form of circular dises, with a depressed point in
the centre about +35th of an inch in diameter, and though colourless very distinct.
At first glance these corpuscles appeared to be free, but subjected to more careful
examination, they were observed to be contained within a cell of a diameter of about
goooth of an inch, the wall of which was extremely pale. Having once perceived it,
however, there was no difficulty in recognising the whole as a nucleated cell identical
with the nucleated cell of the blood of the animal, in its uncoloured stage (fig. 3.).
There were some nucleated cells similar to those just noticed, but slightly tinged red
in the interior; and besides such there were some oval nucleated cells, altogether
similar to the oval red corpuscles of the blood of the animal, but coloured only, and
that slightly in the interior, the circumferential doubling of the cell-wall appearing
quite transparent and colourless.

The Corpuscle of the Lymph of Man and the Mammifera.

105. The deseription of the corpuscles of the lymph, here to be given, was drawn
from the examination of those presented by the contents of the thoracic duct. Besides
the contents of the thoracic duct of the human subject, I have also particularly
examined the contents of the thoracic duct of the Rabbit, and found their eorpuscles
to be in all essential respects identical.

M2
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106. The corpuscles were,—1st. Granule-cells in both coarsely and finely granular
stages, altogether similar to those of the blood (figs. 1, 2.). 2nd. Besides many cells
in transition from granule to nucleated phase, nucleated cells in both uncoloured and
coloured stages, quite the same as those of the blood (figs. 7 and 15a.). The nu-
cleated cells were fully distended independent of the addition of water, and were
comparatively the most numerous of the corpuscles in the lymph ; those in the co-
loured stage being more so than those in the uncoloured stage. Slight as the colora-
tion of the coloured stage of the nucleated cell was generally, some few cells pre-
sented it perhaps in a more marked manner than is usnally presented by the same
cells as they occur in the fully-formed blood ; in this respect approaching to the red
nucleated cell of the blood of the early mammiferous embryo. Some even were
of an oval shape. 3rd. A considerable number of free cellieform nuclei, both unce-
loured and in different degrees of progressive coloration. These free celleeform nu-
clei were not much affected by the action of acetic acid or water. Lastly, there were
seen here and there among the other corpuscles the empty shell of a nucleated cell
in the coloured stage, with a free celleeform nucleus beside it as if just extruded
by the bursting of the cell-wall. This is a ecircnmstance which may be viewed as
additional evidence, and this of a direct kind, in support of the view above given
of the nature and origin of the “ red corpuscle” of Man and the Mammifera.

107. From the account now given of the corpuscle of the lymph of vertebrate ani-
mals, it appears that it is identical with the corpuscle of their blood. In the oviparous
Vertebrata, it occurs, like the corpuscle of their blood, in the two phases of granule
and nucleated cell ; whilst in Man and the Mammifera it occurs, like the corpuscle
of their blood, in the three phases of granule-cell, nucleated cell and free celleform
nucleus.

108. The only difference that exists between the corpusele in the lymph and the
corpuscle in the blood, is, as regards the oviparous Vertebrata, the little degree of co-
loration which the coloured stage of nucleated cell as yet presents, and as regards
the Mammifera, the small degree of coloration which the coloured stage of free
celleeform nucleuns has as yet attained. )

109. The comparatively small total amount of corpuseles in the lymph is well-known.
As regards the relative number in the different phases of the corpuscle, it is to be
remarked that in the oviparous Vertebrata, the nucleated cells are, as in the blood,
more numerous than the granule-cells. The nucleated cells are also more numerous
than the granule-cells in the lymph of Man and the Mammifera, which is different
from what obtains in their blood. Taking into account this relatively great number
of nucleated cells, and the existence, though in less numbers, of free celleform nuclei,
we might compare the contents of the thoracic duct of a mammiferous animal, in re-
spect both of the kinds of corpuscles and of their relative but not absolute numbers,
with the blood of its early embryo state. The circumstances above-mentioned, that
some of the nucleated cells of the contents of the thoracic duct present in the coloured
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stage coloration in a pretty marked degree, and that some are of an oval shape,
give additional exactness to the comparison*,

* In the descriptions which have been given by authors of the corpuscles of the lymph much confusion exists.
An exposure of the principal causes of this may perhaps prove useful and instructive.

1st. Observations made on the corpuscles of the lymph of oviparous vertebrate animals have been adopted as
applicable to the corpuscles of the lymph of Man and the Mammifera, whereas it will have been seen from what
has been above said, that the corpuscles of the lymph of the oviparous Vertebrata can no more be taken as an
exemplification of the corpuscles of the lymph of Man and the Mammifera, than the blood-corpuscles of the
former as an exemplification of those of the latter.

2nd. Hewsow, it is known, gave the name of * central particles” to the nuclei of the red corpuscles of the
blood of the oviparous Vertebrata. He at the same time supposed that he had seen similar particles in the in-
terior of the red corpuscles of the blood of Man and the Mammifera.

Having observed in the juice of lymphatic glands, bodies which he supposed to be free, and which he recog-
nised to be similar to the central particles of the red corpuscles of the blood, Hewsox came to the conclusion
that the central particles are at first free, and that they subsequently become surrounded with the red coloured
cell-wall, which he called * vesicular portion'.”

How Hewsox should have come to this conclusion is explicable, as regards the juice of the lymphatie glands
of Birds, on the following supposition. In the juice of the lymphatic glands of Birds, it has been above seen,
that nucleated cells in the uncoloured stage exist in great numbers; but that whilst the nucleus is very di-
stinct, the cell-wall is extremely pale. In consequence of this Hewsox appears to have overlocked the cell-
wall and distinguished the nucleus alone, but when the cell-wall had already become evident around the nu-
clens by having acquired colour, he naturally supposed that it was a new formation.

How Hewsox should have come to the same conclusion as regards the lymph of Man and the Mammifera,
however, is scarcely explicable on any supposition. For to say nothing of the circumstance that there is not
a ““central particle™ in the red corpuscle of the blood of the Mammifera, Hewsox’s description of ** central
particles ™ in the juice of the lymphatic glands of the Mammifera cannot apply to the cellzeform nueclei of the
uncoloured nucleated cells, seeing that the cellzform nucleus of the uncoloured nucleated cell is nearly, if not
as large, as the perfect red corpuscle itself, which he alleged to contain the * central particle.” The difficulty
is still the same, even supposing Hewsox to refer to free cellzform nuclei in the uncoloured stage, and still
greater supposing him to refer to granule-cells.

3rd. Since Hewszox"s time the cell-wall of the uncoloured nucleated cell in the lymph, especially of the ovi-
parous Vertebrata, has continued to be generally overlooked, and the nucleus described as free. The nucleus
moreover has been confounded with the granule-cell, which is what is commonly taken as the type of the
* lymph-corpuscle.” The same confusion prevails in regard to the lymph of Man and the Mammifera, with
this additional complication, viz. that granule-cells have been confounded with free celleform nuclei in the
uncoloured stage.

- WaexER participating in the error of confounding granule-cells with celleform nuclei, but having seen and
distinguished the cell-wall of nucleated cells, he has taken their celleform nuclens for a granule-cell, which
had acquired a cell-wall around it.

Of all the authors I am acquainted with, Hexre alone has accurately distinguished the different forms of the
corpuscle of the lymph of Man and the Mammifera, without however pointing out their relationship ; but in
his account of the corpuscles of the lymph of the Frog, he has fallen into inaccuracies similar to some of those
which have been above pointed out.

! He believed, it may be further remarked, though not immediately to our present purpose, that the central
particles were first formed in the lymphatic glands, and, after being received into the blood from the trunk of
the lymphatic vessels, were in the course of the circulation carried to the spleen, where they acquired the red
vesicular portion; and so the “red corpuscle” was formed. He believed also that the addition of the vesi-
cular portion might likewise take place in the lymphatic glands.
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ExprLaNATION OF THE PLATE.
PLATE 1.

LAMPREY.

Though it was not considered necessary to describe the blood-corpuscles of the
Lamprey particularly, a few figures of them are given for the sake of comparison.

First Phase —Granule-cell,
Fig. 1. Granule-cell somewhat distended by the action of water.

Second Phase.—Nucleated Cell.

Fig. 2. A blood-cell in a state of transition from the phase of granule-cell to that of
nucleated cell.

Fig. 3. Nucleated cell, uncoloured stage.

Fig. 4 a. Nucleated cell, coloured stage. ;

Fig. 4 b. The same cell after the action of acetic acid, whereby the nucleus has been
distinctly brought out.

SKATE.

First Phase.—Granule-cell.

Fig. 1. A granule-cell in the coarsely granular stage, presenting a clear spot on one
side indicating the place of the nucleus.
Fig. 2 a. Granule-cell distended by the action of water.

Fig. 2 6. The same cell after the action of acetic acid. The granules have been dis-
solved and a celleform nucleus brought into view.

Fig. 3. Granule-cell in the act of changing its shape, with movements of its granules,
as described, par. 30 ef seq.

Fig. 4 a. Granule-cell in the finely granular stage after the action of water.

Second Phase.—Nucleated Cell.

Fig. 4b. A cell in transition from the phase of granule-cell to that of nucleated cell.
Fig. 5 a. Nucleated cell, uncoloured stage, circular.

Fig. 5b. A similar cell collapsed.

Fig. 6. Nucleated cell in transition from the circular and uncoloured nucleated cell to

the oval red nucleated cell, or nucleated cell in the second or coloured stage.
Fig. 7. The nucleated cell in the second or coloured stage.

Froc.

First Phase.— Granule-cell,

. 1 a. Granule-cell in coarsely granular stage, and in the act of changing its
shape (par. 59.).

Fi
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Fig. 1 b. The same cell after the action of acetic acid. The granules have been dis-
solved and a celleeform nucleus exposed.

Fig. 2 a. Granule-cell in finely granular stage, after having collapsed and shot out
processes.

Fig. 2 b. The same, distended by water.

Fig. 2 c. The same, after the action of acetic acid. If the acid has been very much
diluted, and applied only after the distention of the cell by water, the ap-
pearance of the single large celleform nucleus is produced ; in the contrary
case, the appearance of several small ones,

Second Phase.— Nucleated Cell.

Fig. 2d. Cell in transition from granule to nucleated phase.

Fig. 3. Nucleated cell, uncoloured stage. The very pale cell-wall is seen on one side
only of the very distinct nucleus.

Figs. 4 and 5. Nucleated cells, uncoloured stage, the one circular and the other oval.

Fig. 6. Nucleated cell, coloured stage, or the well-known oval “red corpuscle.”

Common Fowr.

It has not been thought necessary particularly to deseribe the blood-corpuscles of
the Bird. These few figures of the blood-corpuscle of the Common Fowl have been
given merely for the sake of reference and comparison.

First Phase.—Granule-cell,

Fig. 1. Granule-cell, coarsely granular stage.
Fig. 2. Granule-cell, finely granular stage.

Second Phase.—Nucleated Cell.

Fig. 3. Nucleated cell, uncoloured stage.

Fig. 4 a. Nucleated cell, coloured stage, but still circular.

Fig. 4 b. The same cell, with the nucleus brought into view by the action of acetic
acid.

Fig. 5. Nucleated cell, coloured stage, oval.

Mammirerous Emeryo—Ox, 15 inch long.

First Phase.— Granule-cell,

Fig. 1. Granule-cell, coarsely granular stage.

Fig. 2. Granule-cell in transition from coarsely granular to

Fig. 3. Finely granular stage. This cell, in which the cellzeform nucleus is already
visible through the finely granular contents, may be viewed as a trans-
ition to the phase of nucleated cell.
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Second Phase.— Nucleated Cell.

Fig. 4. Nucleated cell, uncoloured stage. The cell-wall, which is very pale, is seen
all round the very distinet celleeform nucleus.

Fig. 5. Nucleated cell, uncoloured stage. The cell-wall, which has just been brought
out by distention with water, is extremely pale, and is seen only on one
side of the very distinet celleform nucleus.

Fig. 6. A nucleated cell in transition to the coloured stage.

Fig. 7 a. Nucleated cell, coloured stage, circular.

Fig. 7 b. The same, after the action of acetic acid.

Fig. 8. Nucleated cell, coloured stage, oval.

Fig,

Fig.
Fig.

Fig.

Third Phase.—Free Celleform Nucleus.

9. Free celleform nuclei, coloured stage, or ““red corpuscles,” similar to those
of the fully-formed blood of the animal. :

Maxn anp THE MAMMIFERA.

First Phase.— Granule-cell.

1 @. The granule-cell of human blood in its coarsely granular stage distended
by water.

1. The same, after being acted on by acetic acid. The granules have been dis-
solved and a single celleeform nucleus disclosed.

2 a. The granule-cell of human blood in its finely granular stage in a state of
collapse.

Fig. 2 b. The same, distended by water.

Fig.
Fig.
Fig.

B

3 a. The granule-cell, coarsely granular stage, of the blood of the Horse.
3 b. The same, after being acted on by acetic acid.
4. The granule-cell, finely granular stage, of the blood of the Horse.

Fig. 5 a. The granule-cell, coarsely granular stage, of the blood of the Elephant.

Fig.
Fig.

Fig.

5 b. The same, in process of being acted on by acetic acid.
6. The granule-cell, finely granular stage, of the blood of the Elephant.

Second Phase.—Nucleated Cell.
7. Nucleated cell of human blood, uncoloured stage, distended by water.

Fig. 8. The same, in a state of collapse.

Fig. 9. Nucleated cell of the blood of the Elephant in its uncoloured stage.
Fig. 10. The same, in a state of transition from the granule-cell.

Fig. 11. Nucleated cell, uncoloured stage, of the blood of the Goat.

Fig. 12. Nucleated cell, uncoloured stage, of the blood of the Paco.

Fig. 13. Nucleated cell, coloured stage, from the blood of the Horse.

Fig. 14. Nucleated cell, coloured stage, from the blood of the Elephant.
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Fig. 15 a. Coloured nucleated cell from human blood.

Fig. 15 6. Nucleated cell, in transition from uncoloured to coloured stage, from the
blood of the Horse.

Fig. 16. Nucleated cell, in transition from uncoloured to coloured stage, from the
blood of the Sheep.

Fig. 17. Nucleated cell, in transition from uncoloured to coloured stage, from the
blood of the Paco.

Third Phase—Free Celleform Nucleus.

Fig. 18. Free celleform nucleus, coloured stage, of human blood.

Fig. 19. Free celleeform nucleus, uncoloured stage, of the blood of the Horse.

Fig. 20. Free celleform nucleus, coloured stage, of the blood of the Horse.

Fig. 21. Free celleform nucleus, in transition from uncoloured to coloured stage, of
the blood of the Horse.

Fig. 22. Free celleform nucleus, coloured stage, of the blood of the Sheep.

Fig. 23. Free celleform nucleus, coloured stage, of the blood of the Elephant.

Figs. 24 and 25. Free celleform nuclei, coloured stage, of the blood of the Goat.

Fig. 26. Free celleform nucleus, uncoloured and circular stage, of the blood of the
Paco.

Fig. 27. Free celleform nuocleus, coloured and oval stage, of the blood of the Paco.

Figs. 28, 29, 30. Free celleeform nuclei, in transition from uncoloured and circular
stage to coloured and oval stage, of the blood of the Paco.

Fig. 31. Free celleeform nucleus, coloured stage, of the blood of the Paco rendered
circular by the action of water.

MDCCCXLVI.
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V. The Blood-corpuscle considered in its different Phases of Development in the
Animal Series. Memoir 11.— Invertebrata. By'T. Waarton Jones, F.R.S., Lec-
turer on Anatomy, Physiology and Pathology, at the Charing-Cross Hospital, &«.

g Received May 8,—Read June 19, 1845.

THE invertebrate animals, of which I am here about to consider the blood-corpuscle
in its different phases of development, are some of the more readily procurable
examples of the divisions Annulosa and Mollusca. The order in which I purpose to
proceed is from the higher to the lower classes of each division, an order the contrary
of that adopted in the case of the Vertebrata.

ANNULOSA.

1. My examples of Annulosa are from the classes of Crustacea, Arachnida, Insecta,
and Annelida.

Examination of the Blood-corpuscles of Crustacea.
2. As examples of Crustacea I have taken Crabs and Lobsters.

Blood-corpuscles of Crabs.

3. By snipping off the end of one of the legs of a Crab, the blood flows freely out
from the stump, and is thus readily obtained®. A small quantity of the blood being
received on a plate of glass direct from the animal, and forthwith examined under
the microscope, it is seen to contain a very considerable number of corpuscles,

4. Kinds of Corpuscles.—Both granule-cells and nucleated cells,—the latter the
more namerous,—may be distinctly recognised.

5. Shape of the Cells—If very great expedition has been employed in receiving the
blood as it flows from the animal on the plate of glass, spreading it out and trans-
ferring it to the microscope for examination, the granule-cells may be seen to be of
an elongated oval shape, the nucleated cells spindle-shaped (figs. 1 and 6.). These
shapes however are speedily changed,

6. As regards the granule-cell, it tends to become circular (figs. 2 and 3.), but it

* The blood as it flows from the animal appears of a pale reddish gray or neutral tint ; when collected in a
watch-glass, it separates into a spongy-looking mass and a serous fluid. This spongy-looking mass, which is
of a slight pink colour, consists principally of the corpuscles aggregated, there being little spontaneously coa-
gulable material in the plasma to form a true clot. The serous fluid, which is bluish by reflected light, and
reddish by transmitted light, is coagulated by heat, and also by acetic acid.
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is also soon observed that its cell-wall bulges out here and there into round processes
which again subside, whilst another part of the cell-wall bulges out in the same way.
This change of shape, it will be perceived, is similar to that which I particularly
described in the case of the granule-cell of the blood of the Skate, only it is to be
remarked, that it is not accompanied by such a well-marked movement of the con-
tained granules. Besides bulging out into round processes, the cell-wall may be
seen to shodt out into cilia-like processes also (fig. 4.).

7. As regards the nucleated cell, it also first tends to become circular, and then
shoots out its wall into processes which are usually more cilia-like than in the case
of the granule-cell ; and being in all directions like radii, the cell comes to present a
stellate appearance (figs. 7, 8, 9.). Sometimes a cell is seen to shoot out inte pro-
cesses in two principal directions only, these processes again shooting out into smaller,
so that the cell acquires a caudate form. Between this shape and the former there
is every intermediate degree.

8. Size of the Cells—When first examined, and before their shape has become
changed, the granule-cells are about g'55th of an inch long by about 5'55th of an
inch broad. The nucleated cell is rather less in size, or perhaps with about the same
length ; it is not guite so broad.

9. Structure of the Granule-cell—There are both coarsely and finely granular
stages of the granule-cell. The granules appear more or less fused together, and
are of a slightly greenish yellow colour when the microscopical examination is made
by day-light. :

10. By the addition of water the cell-wall is brought out very distinetly. Imbi-
bing the water, ihe cell becomes distended and acquires a cireular shape, and this as
well after it has shot out into processes as when the water is added to the blood just
drawn, and before the cell has lost its original shape. Fig. 5 a. represents a granule-
cell as acted on by water.

11. In consequence of acetic acid producing a copious white curdy precipitate on
its addition to the blood, some difficulty was at first experienced in studying the
action of that acid on the blood-cells, but by previously diluting the blood with much
water, the precipitate was not considerable enough to prevent the observation of the
action of the acetie acid on the blood-cells.

12. When the acid comes into contact with the granule-cell, the granulous mass
is dissolved, the granules disappearing one after the other, as already desecribed in
regard to the granule-cell of the Skate, &c. After the solution of the granulous mass,
there is discovered in the interior of the cell, a celleform nucleus about =;5th of an
inch in diameter (fig. 5 b.).

13. A clear spot which may be observed on the side of the granule-cell in blood
just drawn (figs. 1, 2, 3.), and which is similar to that presented by the granule-cell
of the blood of the Skate, appears to be, as in the Skate, produced by the nucleus
peering through a pore in the granulous mass.
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14. Structure of the Nucleated Cell.—By the action of water, the nucleated cell is
distended and rendered circular even after it has shot out processes and acquired a
stellate appearance. During this action of the water, the processes of the cell-wall
may be observed to become broader and shorter, and to run into each other until the
outline of the whole cell is circular, as in fig. 10. Within the cell thus distended, the
celleeform nucleus is seen circular, and about 35%5th of an inch in diameter.

15. By the addition of dilute acetic acid, the nucleated cell is not further matevially
affected.

16. Although a decided coloured stage of nucleated cell does not exist in the blood
of the Crab, it is proper to observe that many of the nucleated cells transmit the
light through their interior of a very slight red tint. The circumferential doubling
of the cell-wall transmitting the light quite colourless, forms with the interior
a well-marked contrast. Though the red tint is more marked by lamp-light, it is
sufficiently distinct by day-light. It has been above mentioned, that when the
corpuscles collected in a mass are viewed by reflected light, they also appear slightly
pink.

17. Besides granule-cells and nucleated cells such as have now been deseribed, cells
occur in which the celleform nucleus is already visible, but still surrounded by some
granulous matter (fig. 11.). These may be viewed as cells in a state of transition
from granule to nucleated cell.

18. It may thus be concluded, that in Crabs the blood-corpuscle presents itself in
two different phases of development, as in the oviparous Vertebrata, viz. the phases
of granule-cell and of nucleated cell, the granule-cell being the first phase of deve-
lopment, the nucleated cell the second phase.

19. Floating about amongst the blood-corpuscles, there are seen a few elementary
granules, the larger of which, from glggth to 4 ;,th of an inch in diameter, have
the form of biconcave circular dises.

Blood-corpuscles of the Lobster.

20. The description which has now been given of the blood-corpuscles of the Crab,
is in all respects applicable to those of the Lobster*.

Eramination of the Blood-corpuscles of Arachnida.
21. It was the common Spider the blood of which I examined ; and the mode in

* The changes of form which the blood-corpuscles of the Lobster, like those of the Crab, undergo after the
blood iz drawn, were described and delineated by Hewsox as accurately as his microscope appears to have
enabled him to observe them. Hewsox also mentions what [ have found to be the case, that the blood of the
Lobster, “after being some time exposed to the air, jellies, but less firmly than the blood of more perfect animals,”
In this respect the blood of the Lobster differs from the blood of the Crabs which I examined ; the blood of
the latter, as I have above stated, not containing a sufficient quantity of spontaneously coagulable material to
form a perfect clot. It may be proper to remark that it was in the beginning of winter when I examined the
Crab's blood, and in the beginning of spring when I examined that of the Lobster.
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which I obtained the blood was the same as that already stated in regard to the
Crab and Lobster, viz. by snipping off one of the legs and receiving on a plate of
glass the minute drop of blood which oozed out.

22. The blood-corpuscles of the Spider are almost identical with those of the Crab
and Lobster. There are both granule-cells and nucleated cells,—the latter the more
numerous,—which when examined immediately on the blood being drawn from the
animal, present, the former an oval, the latter an elliptical shape (figs. 1, 2 and 7.).
These shapes, however, are in general soon lost. The cells become roundish, their
cell-wall at the same time shooting out into processes. This shooting-out of the cell-
wall into processes is more especially presented by the granule-cells (fig. 3.), for in
the case of the nucleated cell, it might be said that the cell-wall in general rather
becomes shrivelled and collapsed than shoots into cilia-like processes (fig. 8.).

23. The size of the corpuscles is much the same as in the Crab,

24, There are both coarsely and finely granular stages of the granule-cell (figs. 1
and 2.), and also cells in transition from the granule to the nucleated phase.

25, By the action of water, the cell-wall of both granule and nucleated cell is dis-
tended and brought out in the samne way as in the case of the blood-cells of the Crab
(figs. 4, 5 and 9.), and by the action of acetic acid the granules of the granule-cells
are broken up and dissolved, leaving the nuclens exposed (fig. 6.).

26. In regard to a coloured stage of nucleated cell, what was above said in the
case of the Crab (par. 16.), is applicable here.

27. As in the blood of the Crab also, a few elementary granules are seen floating
about.

Examination of the Blood-corpuscles of Insecta.

28. In entering on the examination of the blood-corpuscles of insects, the advan-
tage of having first examined those of Crabs and Spiders is strongly felt; for the
blood of these animals being readily and certainly obtainable free from admixture
with foreign particles, which might be confounded with blood-corpuscles, the cha-
racters of their blood-corpuscles will serve as a guide by which to recognise their
analogues in the blood of insects and other invertebrate animals, the conformation
and structure of the bodies of which are such that we cannot be sure that the blood
obtained from them is quite free from foreign admixtuore.

29. As examples of perfect insects I have taken Beetles, and as examples of chry-
salises I have taken those of the Cabbage Butterfly *.

Blood-corpuscles of Beetles.
30. The matter examined as the blood of these insects was the clear greenish

* I have also examined the blood-corpuscles of the Caterpillar, and found them in essential particulars the
same. Having, however, as yet obtained but one specimen of a caterpillar of the Cabbage Butterfly, I am not

able to give here a description and delineation of the blood-corpuscles. This, however, I shall be able to do on
another oecazion.
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yellow fluid which exuded when a small wound was made in the body of the
animal.

31. In this fluid there were recognised, amidst a number of other corpuscles the
nature of which will be inquired into below, corpuscles corresponding in essential
characters to the granule and nucleated blood-cells of the Crab and Spider,

32. Granule Blood-cells—These were, when seen immediately on the blood being
drawn, of an elliptical or oval shape (fig. 1.), but they soon became round. In this
state some might be seen with the cell-wall shot out into small cilia-like processes
(fig. 2.). By the action of water, the cell becoming distended, these processes dis-
appeared (fig. 3.).

33. The size of the cells under consideration was on an average 53g5th of an inch
long by +'ssth broad.

34. The cells were most of them pale-looking, hut some presented coarser and
more refracting granules than others.

35. Nucleated Blood-cells—These were much moere numerous than the granule
blood-cells. When the blood was first examined on being drawn, the cellaform
nucleus, of an oval shape, measuring sg's5th by about sy55th of an inch, and
reddish in its interior, was the part most distinctly seen. The cell-wall, which
might sometimes be seen of an elliptical shape (fig. 4.), was in general already
found shrivelled and collapsed around the cellzform nucleus, or shot out into pro-
cesses (fig. 5.). It was extremely pale and not always very readily distinguished.
On the addition of water, however, it became distended and was then pretty distinctly
seen (fig. 6.). In this state it was circular and measured about 5353th of an inch in
diameter.

36. In regard to the other kinds of corpuscles contained in the blood of the Beetle,
they were, 1st,—a few corpuscles resembling the celleeform nuclei of the nucleated
cells, but around which no cell-wall could be detected; 2nd, some oil-globules ;
3rd, a great number of elementary granules in size from about 5 55th of an inch in
diameter downwards, the larger being biconcave, circular, and of a yellowish or
reddish colour.

Blood-corpuscles of the Chrysalis of the Cabbage Butterfly.

37. The matter examined as blood was the clear green fluid which flowed out on

slight pressure, when a small point of the anterior end of the chrysalis was snipped
off.

38. In this fluid there were both granule-cells and nucleated cells (figs. 7, 8, 9, 10,
11, 12.), together with elementary granules.

Examination of the Blood-corpuscles of Annelida.

39. As examples of Annelida, I have taken the common Earth-worm and the
medicinal Leech.
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Blood-corpuscles of the Earth-worm.

40, The blood was most readily obtained for examination from the abdominal
vessel, but in abstracting it, care was required to guard against its becoming mixed
with the secretion poured out from the skin in great abundance when the animal
was wounded.

41. The corpuscles of the blood of the Earth-worm are remarkable for their great
size, being on an average %55th or {3'55th of an inch in diameter. There are both
granule and nuocleated cells.

42, Granule Blood-cells.—OF these there are both coarsely and finely granular
stages. I have not observed the cell-wall of the granule-cell in the coarsely granular
stage to shoot out into more than perbaps a single bud-like process (fig. 1.), but in
the finely granular stage, the cell-wall shoots out into so many cilia-like processes,
that the cell soon after the blood is drawn presents a stellate form (fig. 2.), the gra-
nulous mass about 5'55th of an inch in diameter ocenpying the centre.

43. By the action of water the granule-cells become uniformly distended (figs. 3
and 4.), the stellate form into which the cell in the finely granular stage had fallen
disappearing. In this state of distention the cells measure 1y55th or 155sth of an
inch in diameter, but their granulous contents do not fill their whole interior.

44, Acetic acid causes the granules of the cell in the coarsely granular stage to
break up, but does not dissolve their substance. The granulous contents of- the cell
in the finely granular stage it renders more transparent.

45. Nucleated Blood-cells.—Instead of perfect nucleated cells, the cells about to
be described under this head might, perhaps, rather be said to be cells in transition
from the granule-cell phase, inasmuch as the nucleus, though quite evident, is still
surrounded by granular matter.

46. The cells under consideration bave always been collapsed when first seen,
though the blood was examined as quickly as possible after being drawn; but I have
observed them in the act of shooting out their cell-wall into processes (fig. 5.), like
the granule-cell in the finely granular stage.

47. By the action of water, the processes are made to disappear by the cell beco-
ming uniformly distended. In this state the cell measures about y{';5th of an inch in
diameter, and in its interior is seen the celleform nuclens about gg5gth of an inch in
diameter, with a finely granulous mass surrounding it (fig. 6.). This granulous mass
is not dissolved entirely by acetic acid, but it is rendered more transparent.

48. The red colour of the blood of the Earth-worm is, as is known, seated in the
plasma, but it is to be remarked that some of the nucleated cells appear very slightly
tinged, as also the nuelei, in their interior.

49. Besides the nucleated cells now described, corpuscles are met with altogether
like their nucleus and its surrounding granulous mass, hoth in form and size.

50. Lastly, there are a few corpuscles like perfectly free nuclei, and a considerable
number of elementary granules, the larger, of the form of biconcave circular dises.

] T e —— A
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Blood-corpuscles of the Medicinal Leech.

51. The blood examined was obtained by making inecisions on the back or side of
the animal after having carefully wiped the surface of the skin. In making these
incisions care was taken not to cut into the stomach, or its caecal appendages, in
order to obviate the possibility of foreign blood which might have been taken in as
food, becoming mixed with the real blood of the animal itself.

52. In the first place it is worthy of remark, that whilst the corpuscles of the blood
of the Earth-worm are the largest which I have yet found in any invertebrate animal,
the corpuscles of the blood of the Leech are the smallest.

53. When the blood of the Leech is examined under the microscope as soon after
its abstraction from the animal as possible, numerous corpuscles are seen having the
appearance of very pale, shining, colourless, fusiform filaments, about 55'55th of an
inch in length, and about 55th of an inch in breadth, less or more (fig. 9.), suspended
in the red-coloured plasma. Very soon, however, the corpuscles are seen gradually
to become shorter and somewhat broader, until at last they acquire an irregular cir-
cular form (fig. 10.).

54, In this state the majority of the corpuscles appear to be composed of a nucleus
surrounded by a collapsed and shrivelled cell-wall. And that this is so, is reduced
to a certainty by the addition of water, which causes the cell to become distended
and to acquire a cireular form, whilst the outline of the cellform nucleus appears
more distinetly defined (figs. 11 and 12.). :

55. Thus distended, the cell is from z355th to g3'55th of an inch in diameter, and
the nucleus s5%5th, or more.

56. Many of the cells transmit the light slightly tinged red, as if there was some
colouring matter lining their interior (fig. 12.).

57. The corpuscles  of the blood of the Leech now described, it will have been
observed, are nucleated cells.

58. Granule-cells—Corpuscles in the blood of the Leech referrible to this head
are few in number. Examples of them are delineated in figs. 7 and 8%,

* 1 subjoin here a description of the corpuscles of the blood vomited by leeches which have never heen used.

Thizs blood I found to be composed of a coloured plasma, and numerous corpuscles having a considerable
resemblance to those of the blood of the animal itself after having lost their original fusiform shape, and become
somewhat distended by water. On the whole, however, the corpuscles of the blood in question were somewhat
larger, and appeared perhaps better defined than those of the Leech itself, especially the granule-cells, which
were also more numerous, though still not so numerous as the nucleated cells.

Of the granule-cell there were both coarsely and finely granular stages (figs. 13 and 14.). There were
cells in transition from the granule to the nucleated phase (fig. 15.). The nucleated cells (figs. 16, 17 and 18.)
were most of them circular, but some were oval. Most appeared tinged red in their interior, those which did
not had their cell-wall so very pale that it was apt to be overlooked.

The blood contained in the.stomach of leeches which have not been used, and of which I have now briefly
described the corpuscles, from what animal is it derived ? The resemblance of the blood to that of the animal
itself suggests the probability that medicinal leeches suck the blood of some other kind of leech. That they
suck each other’s blood has been positively denied by Dr. Rawrixs Jonxsox,
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MoLrusca.

59. My examples of Mollusca are confined to the classes of Gasteropoda and
Acephala,—from the former I have taken the Whelk (Buccinum magnum),—from the
latter the Mussel (Mytilus edulis), in which to examine the blood-corpuscles.

Blood-corpuscles of the Whelk.

60. The shell having been broken to pieces from around the animal, the blood
was readily obtained from the great vessels of the heart, or from the heart itself;
but notwithstanding every care in abstracting it, the blood was not always quite
free from admixture with foreign particles, such as ciliated epithelinm-cells and
the like.

61. Kinds of Corpuscles.—There were granule-cells and nucleated cells essentially
similar to those of the blood of Annulosa.

62. Granule-cells.—By the time the blood could be examined, the granule-cells
had, for the most part, become agglomerated together in groups, and their cell-wall
was seen already shot out into processes (fig. 1.).

63. Both coarsely and finely granular stages of the granule-cell were to be recog-
nised.

64. The size of the granule-cell was on an average from 5355th to 55%3th of an
inch.

65. By the action of water the cell became uniformly distended (fig. 2.), to the
size of about as much as 135'53th of an inch in diameter and then burst, the cell-wall
disappearing and leaving the granulous contents in a mass with the nucleus visible
in the centre (fig. 3.).

66. Nucleated cells —Some of these were seen with the cell-wall shot out into
processes (fig. 4.) ; some not (figs. 5, 6 and 7.).

67. Those cells of which the cell-wall did not shoot out into processes, were for
the most part circular (figs. 5 and 6.) ; but some also occurred which appeared to be
elliptical (fig. 7.), though these might have been circular cells seen somewhat raised
up on edge. The cells under consideration often presented a finely granulous matter
in their interior, and some were slightly tinged of a red colour. Their size was about
sepoth of an inch in diameter.

68. Those cells of which the cell-wall shot out into processes, when uniformly
distended by water, were larger, measuring about %3th of an inch in diameter
(fig. 4 a.).

69. The nucleus, oval or circular, and reddish in the interior, measured on an
average from ggggth to gg'sgth of an inch, these being the means when the nucleus
was oval. ;

70. Besides the corpuscles now described, there were a few like free nuclei, and a

great quantity of elementary granules of different sizes, the larger biconcave and
circular.

.
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Blood-corpuscles of the Mussel,

71. The way in which I obtained the blood of the Mussel was this:—I first re-
moved one valve of the shell with as little injury to the animal as possible, and
allowed the contained fluid to drain away ; I then opened the great vessel proceeding
from the heart to the anterior part of the body, and introducing the microscopical
forceps towards the heart, took up enough of the blood for one examination. Neot-
withstanding this careful procedure, the blood was often mixed with foreign corpus-
cles, such as the spermatozoa and ova of the animal.

72. Kinds of Blood-corpuscles.—There were in the first place granule-cells, which,
like those of the blood of the Whelk, were found by the time the blood could be
examined, already for the most part agglomerated together, and presenting their
cell-wall shot out into processes (figs. 1 and 2.). The granulous contents appeared
as if fused, forming a clear, more or less strongly refracting mass.

73. By the action of water this mass was broken up into separate granules, and at
the same time the cell was observed to become gradually distended and rendered
uniformly circular by the undoing of the processes into which its wall had shot.
This undoing of the processes I have often, as in the case of the blood-cells of other
animals, watched step by step.

74. When the cell bad become fully distended, the granulous contents were
usually next seen to escape by the bursting of the cell-wall, and to accumulate around
its outside, whilst a nucleus from about 7;5th to yg5gth of an inch in diameter, and
now for the first time seen, remained in the interior ; the cell-wall, different from that
of the granule-cell of the Whelk, continuing quite visible and otherwise entire (fig. 3.).

75. Such was the condition in which the granule-cells presented themselves in the
blood of fresh mussels. In the blood of mussels which had been kept for some days
in the house without food or change of water, but still alive though weak, the granule-
cells were found, for the most part, to continue uniformly distended after the blood
was drawn, their cell-wall not shooting out into proecesses (figs. 4 and 5.). The con-
tents appeared at the same time more broken up into granules. In this state the
size of the cells was from t55th to 55%55th of an inch in diameter. They appeared
in both coarsely and finely granular stages.

76. Cells in which the nucleus is already distinctly visible without the application
of any reagent, were few in number in the blood of perfectly fresh mussels, but in
the blood of mussels which had been kept some days, they presented themselves in
considerable numbers (figs. 9, 10, 11 and 12.).

77- The corpuscles in which a nucleus had thus become distinctly visible were, as
they occurred in the blood of fresh mussels, distinguished by the following charac-
ters:—Circular but sometimes ovoid, somewhat prominent in the middle, with a
uniform and strongly marked contour, of an opaline aspect, and measuring on an

average about 53'55th of an inch in diameter, many being both smaller and larger
(figs. 6 and 7.).
o2
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78. By the action of water the contents of these corpuscles, previously homogene-
ous looking, adherent to the cell-wall, and concealing the nucleus, became broken up
into granules, so that the cell-wall and a nucleus came more or less distinetly into
view, with characters similar to those presented by them after the animals had been
kept some time as above mentioned, and which I now proceed to desecribe (fig. 8.).

79. The cell was generally circular but sometimes oval, and its wall did not shoot
out into processes. It measured on an average 53'55th of an inch, some more, some
less.

80. The nucleus was circular or oval. In the former case it measured about
sagath of an inch in diameter, in the latter, the mean of the two diameters was on
an average the same as this. Some were much elongated but narrow, others short
but broad.

81, The circular cells had the nucleus either circular or oval, but when the cell
was oval the nucleus was oval also, and usually elongated and narrow. Sometimes
the oval nucleus appeared almost free, the cell-wall very much contracted, being
attached to one side only.

82. In addition to the corpuscles now described, there were observed corpuscles
very pale and few in number, apparently the nuclei of the nucleated cells become
free and in process of disappearing.

83. Lastly, there was a great number of elementary granules; the larger, of the
form of biconcave circular discs, measuring on an average gggoth or s7%55th of an
inch in diameter, less or more.

84. It thus results that in all the invertebrate animals in which the blood has now
been examined, the blood-corpuscle presents itself in the phases of granule-cell and
of nucleated cell ; that in the phase of granule-cell it occurs in more or less well-
marked coarsely and finely granular stages; that in the phase of nucleated cell it
occurs in the uncoloured stage ; but that as regards a coloured stage, though such
cannot be said to be altogether wanting in some of the animals, the coloration of the
cell is in a very slight degree. The celleeform nucleus is found more frequently and
more decidedly coloured.

85. It also results that corpuscles exist in transition from the phase of granule-
cell to that of nucleated cell.

86. It farther results that corpuscles occur in the blood of some of the animals,
which appear to be the nuclei of the nucleated cells become free. Such, however,
are to be viewed as abortions rather than as examples of a third phase, or phase of
free celleeform nucleus,

87. Lastly, it results that corpuscles are met with in greater or less numbers
belonging to the category of the lowest forms of organic elements, viz. elementary
granules,
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ExpPLANATION OF THE PLATE.

PLATE IIL
ANNULOSA.
CrusTAcEA.— CRaABS.
First Phase.— Granule-cell.

Fig. 1. Granule-cell as it appears when the blood is examined immediately on being
drawn.

Figs. 2 and 3. Granule-cells changed in shape as they appear very soon after the
blood has been drawn.

Fig. 4. Granule-cell, with the cell-wall in view at the circumference, and shooting out
bud-like processes here and there.

Fig. 5 a. Granule-cell after being acted on by water.

Fig. 5 b. Granule-cell after being acted on by acetic acid. The granules have all
disappeared by solution, and a small celleeform nucleus has thus come into
view.

Second Phase.— Nucleated Cell.

Fig. 6. Nucleated cell as it appears when the blood is examined immediately on
being drawn.

Figs. 7, 8, 9. The nucleated cell in different degrees of change of shape.

Fig. 10. Nucleated cell after being acted on by water.

Fig. 11. Another, after being treated in the same way, but still presenting some
remains of the granules of the first phase, and a smaller celleeform nucleus
than the preceding.

ARACHNIDA.— SPIDER.

First Phase.

Fig. 1. Granule-cell, coarsely granular stage.

Fig. 2. Granule-cell, finely granular stage; both as seen when the blood was ex-
amined immediately on being drawn.

Fig. 3. Granule-cell changed in shape, and with the cell-wall shot out into processes.

Figs. 4 and 5. Granule-cells in coarsely and finely granular stages distended by
water.

Fig. 6. Granule-cell after the granules have been dissolved by acetic acid.

Second Phase.
Fig. 7. Nucleated cell as it appeared when the blood was examined immediately on
being drawn.

Fig. 8. The same, changed in shape, as it appeared soon after the blood was drawn.
Fig. 9. The same, distended by water.
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InsEcTa.—BEETLE.

First Phase.

Fig. 1. Granule-cell as it appeared when the blood was examined as soon as possible
after being drawn.

. The same, changed in shape—the cell-wall shot out into processes—as it ap-
peared soon after the blood was drawn.

Fig. 3. The same, after the action of water.

]

Fig.

Second Phase.

Fig. 4. Nucleated cell, as it may sometimes be seen when the blood is examined
immediately on being drawn.

. The same cell, changed in shape. The cell-wall extremely pale, shrivelled, and
shot out here and there into processes.

Fig. 6. The same, distended by water.

[ ]

Fig.

InsecTa.—CHRYSALIS OF CABBAGE-BUTTERFLY.

First Phase.

Figs. 7 and 8. Granule-cells in coarsely and finely granular stages.
Fig. 9. Granule-cell, with the cell-wall shot out into processes.

Second Phase.

Fig. 10. Nucleated cell of its original shape.
Fig. 11. The same, with the cell-wall shrivelled and shot out into processes.
Fig. 12. The same, distended by water.

ANNELIDA.—EARTH-WORM.

First Phase.
Fig. 1. Granule-cell, coarsely granular stage. The cell-wall shot out into a single
bud-like process.
Fig. 2. Granule-cell, finely granular stage. The cell-wall shot out into cilia-like
processes.

Figs. 3 and 4. The same cells distended by water.

Second Phase.

Fig. 5. Nucleated cell with its cell-wall shot out into processes.
Fig. 6. The same, distended by water.

ANNELIDA.—MEDICINAL LEECH.

First Phase.
Figs. 7 and 8. Granule-cells.
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Second Phase.

Fig. 9. Nucleated cell as seen when the blood is examined immediately on being
drawn.

Fig. 10. The same, changed in shape, as it appeared soon after the blood is drawn.

Figs. 11 and 12. Nucleated cells distended by water.

Blood vomited by Medicinal Leech.

Figs. 13 and 14. Granule-cells, coarsely and finely granular stages.
Fig. 15. A transition cell.
Figs. 16, 17 and 18. Nucleated cells.

MOLLUSCA.

(GasTEROPODA.— WHELK.

First Phase.

Fig. 1. Granule-cell, with the cell-wall shot out into processes.

Fig. 2. The same, distended by water.

Fig. 3. The contents and nucleus of the same, set free by the bursting of the cell-
wall.

Second Phase.

Fig. 4. Nucleated cell, with the cell-wall shot out into processes.

Fig. 4 a. The same, distended by water.

Figs. 5, 6 and 7. Nucleated cells, the cell-wall of which did not shoot out into pro-
cesses.

AcEpHara.—MussEL.

First Phase.

Figs. 1 and 2. Granule-cells, coarsely and finely granular stages, with the cell-wall
shot out into processes.

Fig. 3. Granule cell after the action of water.

Figs. 4 and 5. Granule-cells from a mussel which had been kept some time in the
honse.

Second Phase.

Figs. 6 and 7. Cells from the blood of fresh mussels, by the action of water on which
a nucleus has been rendered visible, as in fig. 8.

Figs. 9, 10, 11, 12. Nucleated cells found in considerable number in the blood of
mussels kept some time, but few in number in fresh mussels.
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VI. The Blood-corpuscle considered in its different Phases of Development in the
Animal Series. Memoir 111.—Comparison between the Blood-corpuscle of the
Fertebrata and that of the Invertebrata. By T. Waarton Jongs, F.R.S., Lec
turer on Anatomy, Physiology and Pathology, at the Charing- Cross Hospital, &c.

Received May 7,—Read June 19, 1845.

1. IN instituting a comparison between the blood-corpusele, in its different phases
of development, of the Vertebrata and that of the Invertebrata, it is obvious that the
examples first taken for the purpose ought to be selected from the lowest class of
the oviparous Vertebrata on the one hand, and from the highest class of the highest
division of the Invertebrata on the other.

2. In accordance with this I proceed to compare together the blood-corpuscles of
the Skate and Crab.

Comparison between the Blood-corpuscle of the Skate and that of the Crab.

3. From the observations above related, it results that the blood-corpuscle of the
Crab resembles that of the Skate in presenting two different phases of development,
viz. the phase of granule-cell and the phase of nucleated cell, and that in these two
phases respectively the essential points of structure are the same.

4, The blood-corpuscle of the two animals, however, differs in the degree of deve-
lopment which it attains in the phase of nucleated cell. In the Crab its development
is arrested at the uncoloured stage, or at the most at the commencement of the co-
loured stage. But this absence of nucleated cells in the decided coloured stage in
the blood of the Crab, it has been seen is a peculiarity which there is reason to be-
lieve is presented by one at least from among oviparous vertebrate animals, viz.
Branchiostoma lubricum.

5. The blood of this fish may therefore be admitted as probably differing but little
in the character of its corpuscles from the blood of the Crab, and as constituting in
this respect a transition from the Vertebrata to the Invertebrata.

6. Having thus compared the blood-corpuscle of an animal from the lowest class
of oviparous Vertebrata with that of one from the highest class of the highest divi-
sion of the Invertebrata, we are prepared to institute a comparison between the blood-
corpuscle of the oviparous Vertebrata generally, and that of the Invertebrata from
Crabs to Mussels.
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Comparison between the Blood-corpuscle of the oviparous Fertebrata generally, and that
of Invertebrata,

7. In the oviparous Vertebrata, from the Skate upwards, it has been seen that the
blood-corpuscle in its different phases of development is essentially similar to that of
the Skate, In the Invertebrata, from the Crab down as far as we have gone, it has
also been seen that the blood-corpuscle in its different phases of development is essen-
tially similar to that of the Crab. The only difference therefore in essential respects
between the blood-corpuscle of the oviparous Vertebrata generally and that of the
Invertebrata, is the same as that between the blood-corpuscle of the Skate and Crab,
viz. that in the phase of nucleated cell, the latter does not attain to a decidedly co-
loured stage.

8. Hitherto I have altogether excluded the blood-corpuscle of the Mammifera from
comparison with that of the Invertebrata; but such comparison I now proceed to
make.

Comparison between the Blood-corpuscle of Mammifera and that of Invertebrata.

9. In the phase of granule-cell, the blood-corpuscle of the Mammifera and that of
Invertebrata resemble each other in essential points of structure. In the phase of
nucleated cell they also agree in the absence of a decided coloured stage ; in this re-
spect differing from the blood-corpuscle of the oviparous Vertebrata generally and of
the early mammiferous embryo.

10. But here the resemblance between the blood-corpuscle of the Mammifera and
that of the Invertebrata ceases. In common with the blood-corpuscle of the ovipa-
rous Vertebrata, that of the Invertebrata differs from the blood-corpuscle of the
Mammifera in not attaining to a decided third phase. The free celleeform nuclei
which appear to exist in the blood of some of the Invertebrata, it has been above
stated, can only be considered as abortions of such a phase*.

* From neglecting the precautions above observed in instituting a comparison between the blood-corpuscles
of the Vertebrata and those of the Invertebrata, Mr. Newrorr, in & communication recently made to the Royal
Socicty, appears to me to have fallen into a very serious error, as to what corpuscles in the blood of insects and
other Invertebrata are analogous to the ™ red blood-corpuseles™ of the Vertebrata.

Overlooking altogether even the well-known differences between the * red blood-corpuscles” of the Mammi-
fera and those of the oviparous Vertebrata, he assumes the * red blood-corpuscle” of the Mammifera as a
standard by which to recognise in the blood of insects and other Invertebrata, any corpuscles which may be the
analogues of the ** red blood-corpuscles™ of the Vertebrata generally.

Accordingly, finding in the blood of insects the elementary granules deseribed in Memoir II. of this series of
papers, pars. 19, 27, 36, 38, &c., and not being acquainted with the true nature of such particles, he has been
misled by their similarity to his assumed type of * red blood-corpuscles,” especially in respect of outward form,
which is that of biconeave circular discs, into the conclusion that they are the analogues of the * red blood-
corpuscles” of the Vertebrata.

The corpuscles in the blood of insects and other Invertebrata which, though little or not at all coloured, I have
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11. It was at one time supposed that the red colour of the *red blood-corpuscles”
of the Vertebrata is dependent on the iron which they contain, but latterly chemists
have come to the conclusion, that though iron is essential to the “ red corpuscles,” it
is not so to their colouring matter.

12. In reference to this question, it occurred to me that it would be interesting to
ascertain whether the corpuscles of the blood of an invertebrate animal, notwith-
standing their slight degree or total want of colour, contain iron.

13. Accordingly I collected some of the corpuscles of the blood of the Crab, which
it is easy to do in consequence of the mode in which they collect together after
the blood is drawn, as described in Memoir II. of this series, and in consequence of
the plasma not coagulating. These I dried carefully and sent to my friend Professor
Granam, who was so kind as to undertake to test them for iron.

14. The annexed letter, from Mr. Granas, will show that the blood-corpuscles of
the Crab, though but slightly coloured, do contain iron.

“Dear JonEs,

I should have communicated sooner the result of the examination of the white
corpuscles of the blood of the Crab, of which you sent a small quantity in a dried
state, amounting to two or three tenthsof a grain. It is that they contain a sensible
quantity of iron, perhaps as much as red corpuseles.

“Yours, dear Sir,
“ Most truly,
“Tuomas Gravam ™
“ University College, Nov. 29, 1844."

15. Of course the presence of iron in the corpuscles of the blood of the Crab is not
alone a proof that the red colour of the * red corpuscles” of the blood of the Verte-
brata is not owing to iron; it is merely a proof that iron in equal quantity may exist
in corpuscles without imparting to them a decided red colour, such as is presented
by the “ red corpuscles” of the blood of the VertebrataX.

Comparison of the Corpuscles of the Blood of the Invertebrata with the Corpuscles of
the Lymph of the Vertebrata.

16. In the very respect in which the blood of the Invertebrata differs from that of
the oviparous Vertebrata generally, viz. the absence of nucleated cells in the decidedly
coloured stage, it resembles their lymph+ (Memoir L., pars. 101 to 105.).

shown to be the true analogues of the * red blood-corpuscles” of the oviparous Vertebrata, viz. the nueleated
cells, Mr. Newrort considers to be an early stage of the corpuscles which I have deseribed in the same blood
under the name of granule-cells, the former, according to him, becoming the latter by the development and
accumulation of granules in their interior,

When thus filled with granules, the cells, he appears to helieve, burst, and the granules, thus set free, become
the alleged analogues of the * red corpuscles” of the Vertebrata.

* The coloured plasma of the blood of the Crab gave unquestionable indications of iron.

t This conclusion, it is to be particularly observed, is to be distinguished from a view first promulgated by

P2
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To complete the history of the blood-corpuscle, it remains to inquire into the first
formation of the granule blood-cell on the one hand, and into the ultimate fate of the
nucleated blood-cell of the Invertebrata, and of the oviparous Vertebrata, and of the
free celleeform nucleus of Man and the Mammifera on the other; and also to collate
the views given of the development of the blood-corpuscle with the theory of cell

development in general.

In executing this task I shall have an opportunity of considering several questions
which have suggested themselves in the present series of papers, but which it would
have been premature to have entered upon.

Professor Runorrn Waexer, viz. that the corpuscles of the circulating fluid of the Invertebrata are not any
of them analogous to the red blood-corpuscles of the Vertebrata, but are all of them analogous to the corpus-
cles of the lymph, or chyle merely, and that therefore the circulating fluid of the Invertebrata is * mere chyle,
not proper blood,” proper blood being, as he defines it, *a red coloured fluid containing characteristic corpus-
cles.”

This view appears to me to be distinetion without essential difference, and to have arisen,—1st, from an im-
perfect acquaintance with the corpuscles of the lymph of the Vertebrata, and their relationship to those of the
blood of the same division of animals on the one hand, and with the corpuscles of the circulating fluid of the
Invertebrata on the other; 2ndly, from laying too much weight on the presence or absence of colour as a di-
stinctive character; thus making no distinction between the * red corpuscle™ of the blood of the Mammifera,
and the * red corpuscle "of the blood of the oviparous Vertebrata in consequence of their similarity in colour,
though there iz between them an essential organic difference; whilst between the “red corpuscle” of the
blood of the oviparous Vertebrata and the nucleated cell of the circulating fluid of the [nvertebrata, in conse-
quence of a supposed total absence of colour in the latter, a decided distinction is made, though there is, in fact,
between them no essential organie difference.

‘Waiving, however, the organic difference between the * red corpuscle” of the Mammifera and the * red
corpuscle” of the oviparous Vertebrata, and the organic resemblance between the ** red corpuscle” of the ovi-
parous Vertebrata, and the little or not at all coloured nucleated cell of the circulating fluid of the Inverte-
brata, I would observe in regard to the presence or absence of colour, that nothing bearing on the question can
be inferred from it, even in a physiological point of view, seeing that the nature and use of the red colouring
matter of the *“ red blood-corpuseles” are as yet too little known.

The colour of * red blood-corpuscles” is now acknowledged not to be owing to the iron entering into their
composition, and therefore it is not, as has been supposed, a manifestation of the existence of any endowment
which may be possessed by the “red :‘::;rpuscle: " by virtue of the iron which they contain. But even if this had
been so, the fact above mentioned, of the presence of iron in the uneoloured or but little eoloured eorpuseles of
the blood of the Crab, renders it extremely probable that what endowment soever may be possessed by the ** red
corpuscles’ of the Vertebrata by virtue of the iron which they contain, may be equally possessed by the corpus-
cles of the blood of the Crab,

Professor Waoxer adduces arguments of another kind in corroboration of his view, that the circulating fluid
of the Invertebrata is ** mere chyle, not proper blood ;" but which it is scarcely necessary to notice after what
I have just eaid, especially as their force, so far as it is evident, appears to bear more against than in favour of
his view.
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