
GENERALITIES ON THE NUCLEOLAR CONTENT OF SOME

BLOOD CELLS

By I. GONZALEZ GUZMAN, M.D.

T HE nucleolar apparatus of the blood cells has not received sustained and pro-

found attention from morphologists and cytophysiologists, its structural

significance and functional characteristics not being well known. For this reason

I have devoted most of my scientific activity to the matter since 192.3 , trying to

search into the problems of nucleolar physiology or physiopathology.

Nucleolar studies on blood cells require a thorough knowledge of the special

technics which serve to show clearly the morphology of the nucleolar apparatus

under different conditions of observation or experimentation. These procedures

allow the study of volumetric, morphologic and structural characteristics of nuc-

leoli, which is strictly necessary before attempting to generalize upon data ob-

tained from the experimental cytology or the pathological morphology belong-

ing to the different blood diseases.

Having in mind what has been mentioned, I shall presently show briefly the

technics for nucleolar studies and the nucleolar characteristics, that must be es-

timated and recorded to permit the proper interpretation of what is found.

I. TECHNICS FOR NUCLEOLAR STUDIES IN BLOOD CELLS

In 192.3 I proposed a method permitting simultaneously differential counts

and the determination of the number of white cells in the hemocytometer chamber,

as well as determination of the number and morphology of nucleoli contained in

lymphocytes and monocytes or young cells belonging to other series. Description

of the method follows:

Mebyl Alcohol � Leishman or Giemsa Technic

(Gonzalez Guzm#{225}n,1913)

Diluting fluid:

Methyl alcohol (pure) icc

Distilled water 2. cc

Leishman’s stain 5-10 drops, or

Giemsa’s stain 1-4 drops.

With this fluid fill up white cell count pipets, to dilute blood i:to.

Observe in counting chamber. Preferably use water immersion objective and ocular ioX or � X.

RESULTS

When the amount of stain is small, in the lymphocytes the cytoplasm appears

a greyish blue, the nuclei blue and the nucleolar corpuscles very deep blue, and all

this permits a clear visibility. In the nuclei only the karyolymph is stained and its

color is uniform. When Leishman’s or Giemsa’s amount is greater the cytoplasm

is blue, the nuclei violet and the nucleoli very deep blue. The samples in which the

From Hospital de Enfermedades de Nutricion, Mexico City, Mexico.

Read at the International Hematology and Rh Conference, Dallas, Texas, Nov. i�, 1946.
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NUCLEOLAR CONTENT OF SOME BLOOD CELLS

nuclear stain is very deep must be rejected because this makes the perception of the

nucleoli difficult. With some practice and experience and having always the same

staining solution, one can employ the appropriate quantity in order to obtain

the best degree of stain.

In the monocytes the results are about the same, but it is useful to point out that

the nucleoli are very fine and that only the water immersion objective shows them

clearly.

The nuclei of the granulocytes are blue or violet according to the amount of

stain used . They do not show any chromatic structure, their cytoplasm appears

colorless or slightly stained blue and only the granulations are stained with some

intensity and specificity: the neutrophils are pinkish violet, the eosinophiles wine

red, and the basophiles dull purple. The description of pathological cells is not the

object of this note.

When the staining solution is of poor quality or the pipets are dirty or have been

used for leukocytic counts employing acetic liquids, granules and precipitates are

produced which make the observation difficult. Cleaning the pipets each third day

first with ammonia, then with distilled water and finally with pure methyl alcohol

is recommended, leaving them in the oven during the night so that they are dry

the following morning.

Thus it is possible to make the following in the counting chamber:

i) White cell count (accurate)

2.) Differential count (very accurate)

3) Nucleolar studies (nucleolar image; nucleolar index; accurate).

Years later I employed the Poggi-Negri technic, using as vital stain methylene

blue. Details of the technic follow:

Supra-Vital Metbylene Blue Technic

(Gonzalez Guzm#{225}n, 1936, after Poggi-Negri)

Diluting fluid:

Isotonic saline solution 100 CC.

Methylene blue o.�o Gm.

Dilute venous or capillary blood to i. per cent.

Mix

After io-i� minutes centrifuge.

The sediment is seen between slide and coverglass with water or oil immersion objectives.

RESULTS

In the lymphocytes the cytoplasm is intensely blue and shows clearly a delicate

spongy structure, and sometimes some plasmosomes. The nucleus is stained a pale,

uniform blue, because only the karyolymph has been stained, and the nucleoli

appear deep blue, contrasting very clearly with the pale background of the nucleus.

In the monocytes the nucleoli are somewhat difficult to see. They show tones

similar to those of the lymphocytes except that the cytoplasm is stained very

faintly and shows a variable amount of granular inclusions stained violet or blue.

We will not discuss their relations with the apparatus of segregation which is

stained a neutral red. In the granulocytes the surface of the granulations, or the
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I. GONZALEZ GUZMAN 59

whole, is stained and also the nuclei with characteristics which we do not mention

herewith. In the myeloid leukemias it is advisable to shake the sediment gently in

order to add some air, and to observe it afterwards because of the easy decolora-

tion produced by these bone marrow cells.

Data obtained with this technic: Nucleolar image (accurate); nucleolar rich-

ness (not accurate); nucleolar vacuoles in some instances.

Finally, in the last 6 years, I have been using Rio-Hortega’s double impregna-

tion applied to the blood, blood forming organs and tissues, which I summarize

as follows:

Double Argentic Impregnation

(For blood. Gonzalez Guzm#{225}n, 1940)

First stage: Fixation and embedding

I. Blood. Gelatin Embedding:

i. Put 0.5 cc. of capillary or venous blood into the following fluid:

Isotonic saline solution, 4.� cc.

Formaldehyde 40 per cent, o.5 cc.

2.. Allow 2.4-48 hours for fixation. Shake once or twice a day.

�. Centrifuge, wash the sediment once with ammonium hydroxide 3 per cent and then with distilled

water. Centrifuge.

4. Mix at 5o#{176}C.one part of sediment with two of gelatin Difco 30 per cent, i� minutes.

�. Pour into porcelain cuvette to clot. Refrigerate at i#{176}C.Evaporate on blotting paper at room tem-

perature, 30 minutes.

6. Keep in formalin per cent.

Ii. Blood-Clots or Tissues

Fix 3-5 mm. thick sections in formalin io per cent for 2.4-72. hours.

Second stage. Coloration

I. Frozen sections io-i� micra thick. (Blood embedding, clots or tissues.)

LI. Wash with ammonia water 3 per cent.

ILL. Wash in distilled water.

IV. Immerse in silver nitrate 2. per cent, 2.4 hours at room temperature and under light.

V. Wash in the following fluid:

Distilled water, �o cc.

Pyridine, � drops.

VI. immerse in the following solution:

Rio Hortega’s silver carbonate, 10 cc.

Pyridine, 2. to 6 drops.

2.4 hours at room temperature and under light.

VII. Wash, 10-2.0 seconds in distilled water.

VIII. Alcohol. Creosote.

IX. Mount in Canada balsam.

NOTES AND RESULTS

When blood inclusions, the clots or the tissues, once fixed are kept in formalde-

hyde for a long time their possibilities for nucleolar stain diminish. It is better to

stain them before a month. Commercial silver nitrates give variable results accord-

ing to the mark and even to the series of production. It is advisable to use several of

them, and select the best. The nucleolar stains are more beautiful if silver carbon-

ate is used and prepared the same day. Those which have been on hand more than
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6o NUCLEOLAR CONTENT OF SOME BLOOD CELLS

a week must not be used. Pyridine added to the silver carbonate prevents staining

of the chromatin and helps staining of the nucleoli. if used in small doses chroma-

tinic structures appear; if used in greater doses only the cytoplasm is stained and

in the nuclei the borders are not very clear. For the same substances the most suit-

able doses of pyridine must be found or preferably stain 2. or 3 series of sections,

using variable doses of pyridine.

In the best slides the cytoplasm has a variable intensity of yellow or light sepia.

In the light sepia nuclei and in the nucleoli the fundamental substance is likewise

a darker sepia and the argentophylic grains are black. The borders and the contrasts

are not very clear in the palely stained sections . In the overstained ones the chro-

matin and the intensity of the nucleolar stain make the perception of their internal

structure difficult.

Data obtained with this technic : Nucleolar image very accurate, Rn index, very

accurate; structure of nucleolar bodies, very clear.

The first of the technics mentioned, allows a general study of the leukocytes as

well as the count of their nucleolar corpuscles. The second one permits a finer

cytological study of the leukocytes and the observation of nucleolar vacuolae.

The double argentic impregnation is the only method that facilitates the study of

the internal structures of the nucleoli as well as the volumetric measurements and

finest details of the general morphology.

2.. NUCLEOLAR CONSTANTS OF THE BLOOD CELLS

Nucleolar attributes may, therefore, be measured and expressed numerically to

constitute a characterization of the blood cells. This characterization refers

mainly to the number of nucleoli within a cell, to the relation between nucleolar

and nuclear volume and to the internal structure of the nucleolar bodies themselves.

The nucleolar number has been particularly studied in the circulating lymphatic

cells and the figures obtained have been expressed as the nucleolar image. Nucleo-

lar image is then only a classification of the lymphatic cells according to their

nucleolar content and the determination of the number of nucleoli in ioo cells.

Volumetric data pertaining to the nucleoli and nucleus can be made to constitute

a ratio, similar to that between nucleus and cytoplasm; the ratio has been desig-

nated as Rn index since it expresses the nucleolar richness of cells.

Finally, the internal structure of the nucleoli gives important data since struc-

ture is modified in different pathological conditions. The nucleolar constants are

expressed as follows:

Nucleolar Constants in a Given Type of Cell

z. The nucleolar image: Grouping of cells in classes, according to the number of nucleoli in the cell.

2.. Nucleolar index: Number of nucleolar corpuscles seen in ,oo cells.

3. Nucleolar richness: Expressed by Rn (nucleolar richness, “Riqueza nucleolar”) is the volumetric

relationship between the nucleolar mass and the volume of the nucleus. To express it in figures near unity

the following index is calculated:

Nucleolar volume X ,00
Rn Index

Nuclear volume

4. Number of argentophilic granules contained in the nucleolar bodies.
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I. GONZALEZ GUZMAN 6i

In normal conditions all this data changes within narrow limits.

In circulating blood cells and in those of the hemopoietic organs, nucleolar

constants are related to cellular youth. A cell has more nucleoli if it is young and

the younger cells have a greater nucleolar content. At the same time nucleolar struc-

tures and cellular youth are closely related. A higher number of nucleolar bodies

corresponds to a shift to the right in the nucleolar image and a greater nucleolar

index; a larger volume of nucleoli corresponds to an increase of the Rn index or

nucleolar richness, and nucleolar structures change due to an increase of the fun-

damental substance of the corpuscle and a greater number of the argentophilic

grains.
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MATURATION STAGES

Epitheliol cells of the skin
Lymphoid cells

Fzo. i. NucLEoI&it Riciisrsss ExPRESSED BY Rn INDEX

The nucleolar image and its condensed expression, the nucleolar index, is very

useful to evaluate the cellular youth of a given series, but may not be considered as

accurate when it is to be compared with different classes of cells. Nucleolar rich-

ness as expressed by the Rn index, is perhaps the most reliable index of youthful-

ness of a given type of cell and is also very valuable when it is intended to compare

different types of cells.

In those cellular elements of limited life-span, which allow the identification of

a juvenile stage, another of maturity and a last one of senility, it is possible to

determine the Rn index during the different life stages and translate the figures to

a co-ordinate system, writing as ordinates Rn values and in the abscissa line the

successive stages of the cellular lives.

3. DATA OF NUCLEOLAR RICHNESS AND CELLULAR YOUTH

When quantitative data on nucleolar richness in a given type of cell is made

through its different stages of maturity, and the Rn values are written as ordinates
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6i NUCLEOLAR CONTENT OF SOME BLOOD CELLS

and the evolutive stages as abscissas, a curve is obtained, corresponding to an cx-

ponential function.

The trend is frequently a hyperbola, asymptotic and in most cases equilateral.

In figure I the trend in the cases of epithelial cells of the skin and lymphoid cells

of the appendix is illustrated.

4. SOME DATA ON THE LYMPHOID SERIES

The facts already mentioned have been amply studied and confirmed for the

different blood cells. From them I shall presently show the findings in 2. different

types of blood cells: the lymphoid and the erythroblastic.

The nucleolar lymphocytic image has been determined first in normal adults and

in relation to different physiological and pathological conditions. In the following

table, I have condensed my findings and those of my associates:

The Nucleolar Lymphocytic Image, in Normal Conditions

Classes
N ucleolar

Index u ors
0 1 2 3 4

Normal adults i 92.-96 3-6 i 0.0 104-110 Gonzalez Guzm#{225}n

Infants 0.2. 8i.o 14.8 3.0 1.0 12.3.6 Ariasjos#{233}

Old age 2..5 94.0 3.5 0.0 0.0 101.0 Gonz#{225}lezGuzm#{225}n

Pregnancy 0.2. 87.0 11.4 1.2. 0.0 113.4 Arias Juan

Puerperium 0.3 92..o 7.2. 0.5 0.0 107.9 Roa

Digestive state 0.2. 93.8 5.6 0.4 0.0 106.2. Vara

In a like manner I have condensed data in relation to the findings in different

pathological conditions:

The Nucleolar Lymphocytic Image in Some Pathological Conditions

Classes .
Nucleolar Authors

0 1 2

io.6

3 4

0.0 0.0 110.2. VelazcoIntestinal worms 0.4 89.0

Cancer 0.5 91.0 8.i 0.3 0.0 108.3 Guevara

Leprosy i.8 88.2. 9.0 0.5 0.5 109.7 Mart. Barrag#{225}n

Tuberculosis 0.3 66.2. 2.3.3 6.o 3.7 145.6 Pernas

Brucellosis 0.5 89.8 9.0 0.7 0.0 110.0 Gonzalez Guzm#{225}n

Lymphatic leukemias:

Acute 0.0 2.3.0 40.0 2.8.0 9.0 2.2.3.0 Gonzalez Guzm#{226}n

Sub-acute 0.0 72..0 13.0 9.0 6.o 149.0 Gonzalez Guzm#{225}n

Chronic 0.0 87.c 7.0 4.0 2..0 12.1.0 Gonz#{226}lezGuzm#{225}n

Rn Index, as expression of the nucleolar richness and the most valuable index of

cellular youth, has also been determined in normal conditions and in numerous

patients. Data so far obtained is as follows:
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I. GONZALEZ GUZMAN 63

Nucleolar Richness, Rn Index, In Normal and Pathological Conditions

(Gonzalez Guzm#{225}n)

M S.d.e±

Normal adults 0.96 0.2.2.

Leprosy:

Tuberculoid 1.03 0.2.4

Lepromatous �.o6 0.2.5

Lucio’s form 1.03 0.2.6

Mixed forms 1.04 0.2.6

Average 1.05 0.2.5

Brucellosis’ 1.2.3 0.2.7

Lymphoid leukemias:

Chronic 1.15 0.30

Sub-acute 1.40 0.33

Acute 1.90 0.40

Also, studies have been made on lymphocytic infiltrates of tumoral stromas,

determining their nucleolar richness. The following table shows my findings:

Nucleolar Richness, Rn Index, in the Lymphocytes of the Tumoral Stromas

Type of cancer
Rn Index

M e±

Carcinoma of the skin:

Basal

Squamous

Carcinoma of the uterus:

Cervix

Body

0.62.

o.6o

0.64

0.65

0.2.5

0.2.5

0.2.6

0.2.4

Previous data on the lymphoid series, allows the following conclusions:

i. From the nucleolar standpoint there may be added to the known lympho-

cytic constants the 3 following ones: the lymphocytic nucleolar image, the Rn

index and the number of argentophilic grains of the nucleolar corpuscles.

t. In normal conditions circulating lymphocytes of infants and children are

younger than those of adults. The opposite is true in the case of old age.

3. Pregnancy, puerperium and the different moments of the digestive process

do not significantly alter the nucleolar lymphocytic image.

4. In pathological conditions, there is observed an increase of the nucleolar

index in tuberculosis and particularly in lymphatic leukemias. In the latter the

increase is related to the rapidity of evolution of the disease and the severity of

the prognosis.

�. Nucleolar richness of the lymphoid cells in cases so far studied, is increased

in brucellosis and in lymphatic leukemias and diminished in the lymphocytic
infiltrates in tumoral stromas. Data gathered in cases of leukemias have a definite

prognostic value.
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64 NUCLEOLAR CONTENT OF SOME BLOOD CELLS

The findings mentioned may prove of value in helping in the clinical diagnosis

or prognosis of some diseases.

5 . SOME DATA OF THE HEMOGLOBINIC SERIES

Investigations parallel to those described about the lymphoid cells have been

made on the nucleated cells of the hemoglobinic series of mammals and on nu-

cleated red cells of birds and low vertebrates, and particularly on amphibian and

reptiles. Studies of the more immature forms of embryonic blood have also served

as basis for the investigations pursued.

Important facts from these investigations are the following:

i. That the nucleolar erythroblastic image shows a shift to the right, classes

2., 3, 4, in the younger forms of this series. The shift is to the left, Classes o, i in

the more mature cells with hemoglobinic cytoplasm.

MATURATION STAGES OF ERYTHROBLASTS

PN #{149}Pronormoblest
rn. Bosophilic normoblost

NP. PokchrometophlBc normoblest
NO. Orthocbromotlc normoblost

F�o. 2.. NUCLEOLAR Ricnwsss ExPRESSED BY Rn INDEx

i. Nucleolar richness, expressed by the Rn index, shows a progressive descent
as the cell ripens and its cytoplasm charges with hemoglobin.

3. In the very young forms such as promegaloblasts, basophilic megaloblasts,

pronormoblasts or basophilic normoblasts, the nucleoli have a relatively complex

structure, with abundant funadamental substance and many argentophilic grains;

while in the more mature forms, with polychromatic reddish or orthochromatic

cytoplasm, the fundamental substance has disappeared and only one or two argen-

tophilic grains are seen.

4. A very important observed fact points out that when the pronormoblasts or

premegaloblasts start their cytoplasmic ripening process that leads to the forma-

tion of hemoglobin, the nucleolar corpuscles lose their rounded or ellipsoidal form

and take instead an irregular shape, giving the impression that the colloids of their
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I. GONZALEZ GUZMAN 6�

fundamental substance have been transformed into a more fluid substance that

tends to mix with the karyolymph. This assertion finds support in the fact that in

later evolutive phases, the fundamental substance disappears and there persist

only some free or encrusted argentophilic grains.

5 . The nucleolar curves during the maturing process are extremely important.

In mammals they start with the known exponential trend, but a little after the

starting point a sudden descent of the curve shows up, as if another exponential

function was superimposed on the first one, leading the tracing to zero.

In amphibians the phenomenon is essentially the same, there is the imbrication

of two tracings, but the second one does not reach the zero point, descending in-

stead to constitute a small segment of the curve parallel to the axis of the abscissa

and very close to it. In other words, in amphibians nucleoli do not disappear in

mature red blood cells, remains of them persisting as fine granular corpuscles,

visible only by employing some of the technics already described.

Birds occupy an intermediate position, some mature red cells have already lost

their nucleolar material while the majority still show a very fine “dusty” cor-

puscle.

The facts mentioned are expressed graphically in figure 2., and permit us to state

the following conclusions and working hypothesis:

i. During the maturative process of the hemoglobinic series, there exists a

decrease of the nucleolar richness whose graphic expression in common to the other

type of cells, corresponds to an exponential function.

2.. Shortly after the first trend is constituted, there appears a sudden change in

the slope, that corresponding to another exponential trend leading the curve to

zero or very near to the axis of the abscissas.

3. The new tracing corresponds to the time where the formation of hemoglobin

starts, being so considered as the graphic expression of the starting of this phe-

nomenon.

4. The evolution of the nucleolar richness and of the morphology of the nucleo-

lar corpuscles is suggestive of the following hypothesis: that the fundamental

substance of the nucleoli suffers a series of physical and chemical changes that

transform it into another substance, forerunner of hemoglobin, that diffuses first

into the karyolymph, passing later to the cytoplasm to be changed into hemo-

globin. Two complementary questions arise immediately: Is the transformation

of the nucleolar substance a self-made process, starting in the nucleolar substance

and ending in hemoglobin? Or is the forerunner substance of hemoglobin of nu-

cleolar origin, transformed into hemoglobin by the activity of the mitochondrial

apparatus? The latter asumption seems more likely in the light of studies now un-

der progress in erythroblasts of chicken embryos.
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