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T HE MORPHOLOGY of the mature neutrophil granulocyte nucleus varies

with sex in man and several laboratory animal species.’ The sex can be

determined by the ratio of neutrophil granulocytes showing characteristic

drumstick appendages, which measure approximately 1-1.5 ,�t. Originally,

these appendages were assumed to be constituted of sex chromatin derived

from heterochromatic portions of the XX chromosome complex. Later, it

was stated that they represented a secondary sexual characteristic� and not

the sex chromatin particle as seen in other cells. Although their true nature

is not certain, the drumstick appendages nevertheless allow for a sex differ-

entiation. They are generally present in the female and either absent al-

together or present iii much lower numbers in the male.

Previous results3 obtained in this laboratory seemed to differ slightly from

the values observed recently by two other investigators. In order to evaluate

the causes of this difference, we attempted to establish the standard values

for the drumstick appendage frequency in normal rhesus monkeys and to

test the significance of the difference between the values obtained by the two

teams of workers.

The drumstick count is frequently used in homologous bone marrow trans-

plantation to indicate the presence of donor cells in the peripheral blood of

the recipient when a female donor and a male host have been used. The

method has been used with satisfactory results in rabbits,4 dogs,5’#{176}and in

nlan.7 In addition, we have studied the effects of irradiation on the normal

drumstick frequency in the monkey, keeping the animals alive with auto-

logous bone marrow.

Data were also obtained to study the relationship between drumstick ap-

pendage frequency and clinical and pathologic findings in determining the

take of a homologous bone marrow transplant. Evidence will be presented to

show that an increase of the drumstick count agrees with the clinical and

pathologic data in indicating that a take of a homologous bone marrow trans-

plant (female donor and male host) has occurred.

METHODS

Macaca mulatta monkeys weighing between 2 and 4.8 Kg. were used in these experi-

ments. The animals were x-radiated with a dose rate of 22 r/min. under conditions which
have been described before.8 The care, management and treatment of the animals have

been described in the same paper.
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Fig. 1.-Classification of drumstick appendages in neutrophil granulocytes of
rhesus monkeys ( Mav-Gr#{252}nwald-Ciemsa ) . A: Group A. Characteristic drumstick
appendage with a thin handle. B: Group B. The appendage still has the drumstick

shape, but the handle is broader. C: Group C. No handle can be seen and the

chromatin mass is closely adjacent to the nuclear membrane. D: Group D. The

chromatin mass is within a nuclear segment. No handle can be seen and the mass

could be easily confused with other chromatin masses present in the nucleus.

The normal values of the I).A.F. ( drumstick appendage frequency ) were determined

in 27 male and 31 female monkeys, while 2 male and 3 female animals were used to

study the behavior of the D.A.F. after irradiation. Four female donors and 4 male hosts were

used in the homologous transplantation experiment.

At least twice before the irradiation and once a week after, blood was taken from the

animals used for irradiation effect studies. In the homologous transplantation experiments,

blood samples were taken from the donors at least twice before the experiment and from

the hosts at least twice before the irradiation and three times a week after the treatment.

Two types of smears were prepared, one of whole blood and one of concentrated leukocytes

( buffy coat ) . The slides were processed by a method described previously,8 as follows:

1. Fixation in 100 per cent methanol for 15 minutes.

2. Staining in a solution of 0.5 per cent pinacyanole in 70 per cent methanol for 30 seconds.

3. Washing with tap water.

4. Dehydration by successive rinses of 30 seconds each in progressively increasing con-

centrations of alcohol ( 50 per cent, 70 per cent, 96 per cent, 100 per cent).

The slides, when observed with a 100 X oil immersion objective were pale blue in

color; erythrocytes were of the same color, and leukocytes were stained pink-violet. The

typical appendage had the form of a drumstick which appeared darker and more compact

than the nuclear chromatin. Since many other types of appendages may be observed

which presumably are not real drumsticks,3 only those which had a diameter of 1-1.5/p

were counted. In addition, the drumstick was often unattached to the nuclear membrane
by a narrow handle but rather by a broad connection. In other cases it was directly

joined to a nuclear segment as a sessile body or it seemed to be located within the nucleus.
We have classified these various structural forms into four groups called A, B, C, D

(fig. 1).
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Table 1.-Drumstick_AppendageFrequency_in Normal Rhesus Monkey?

Total
Neutrophil Mean

No. Granulocytes Per Cent
Sex Animals Counted Positive Range

-� Female (31 ) 97,000 2.64% 0.45%-5.6%

Male (27) 100,000 0.10% 0.0%-0.25%

*Totals of both teams of investigators.

Table 2.-Frequency of the (A + B) and (C + D) Classe8 of Drumstick

______________ Appendages (See Fig. 1)

Values Per Slide Average Per Animal
Average Per Sex Total

A+B C+D A+B C+D Neutrophil
Max. Mm. Max. Mm. Max. Mm. Max. Mm. A + B C + D Granulocytes

--- % �- % % % % % % % % Counted

Females 3.0 0.9 1.4 0.0 2.7 1.20 0.8 0.3 1.86 0.71 17,000

Males 0.4 0.0 0.2 0.0 0.22 0.0 0.25 0.0 0.11 0.016 43.000

The counts were carried out independently by two groups of investigators with the

exception of the differential counts according to class of appendage which were carried
out by one team only. \Vhenever possible, 1000 mature neutrophil granulocytes were

counted per slide and at least 40C0 cells were counted in each donor and host before

irradiation. After irradiation the number of mature granulocytes frequently was small,

and during the recovery phase many immature neutrophils were found which did not show

drumstick appendage. Therefore, in order to obtain reliable values in irradiated animals,
the determinations were carried out when the number of mature granulocytes had risen

to satisfactory values-in these experiments, between 10 and 28 days following the irradia-

tion. The x 2-test with Yates’ correction was applied to the results in order to determine

whether the changes in the D.A.F. after irradiation were statistically significant (p < 0.01).

RESULTS AND DIsCuSSIoN

The D.A.F. in the normal rhesus monkey is presented in table 1. The

maximal and minimal values per slide, the maximal and minimal average

found in a single animal and the average for all the animals of the same sex

have been tabulated. In table 2 the results of the (A + B ) and ( C + D ) dif-

ferential counts have been summarized. The sum of all classes ( A + B + C

+ D ) is the most satisfactory value statistically, but since the reliability of

the group C + D count seemed to be subject to individual bias we felt that

only the A + B count should be considered. Accordingly we accepted as

normal limits the minimal and maximal values per slide for group A + B,

as shown by table 2, e.g., from 0.9 per cent to 3.0 per cent in females and

from 0.0 per cent to 0.4 per cent in males, with the reservation that newly

collected data may necessitate further change in control values.

In table 1 (pooled data of two teams of investigators) a minimal value

per slide of 0.2 per cent for females is reported. This low incidence in a few

monkeys could be real or could be due to poor quality of smears or to insuf-

ficient experience of the investigators. The first possibility was checked and

found to be true in some cases. The latter possibility probably applied to the

earliest results of both the first and second teams. The low figures do not

influence the application of the method, however, since female donors with

a high drumstick count were always selected for transplantation of homolo-
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- Table 3.-Summary of Data of irradiation Experiments

Bone Marrow Interval between
X-Ray Dose Cells x 10�/Kg. Irradiation and

Monkey No. (r) Monkey Weight Treatment (hrs.)

-_______ ________-� Autologous

115 850 1.4 < 2

100 850 1 <2

73 900 1.25 < 2

80 900 1.5 <2

92 900 1.4 <2

Homologous

20 650 4.1 24

86 650 9.2 24

142 650 5 24

129 650 6.3 24

Table 4.-Drumstick Appendage Frequency (D.A.F.) in Irradiated Monkeys
Treated with Autologous Bone Marrow

Males Females

Before irradiation After irradation Before irradiation After irradation

total average total average total average total average
Monkey cells D.A.F. cells D.A.F. Monkey cells D.A.F. cells D.A.F.

no. counted % counted % no. counted % counted %

115 4000 0.15 4000 0.13 73 4000 3.2 4000 3.4
100 4000 0.05 4000 0.05 80 4000 2.6 4000 2.8

92 4000 2.2 3300 2.4

gous bone marrow. As mentioned earlier, a comparison was made between

the results of the two teams by using the values found in female animals.

This proved to be the most suitable basis for comparison. The first team found

1859 appendage-containing cells in a total of 71,000 granulocytes counted,

an average of 2.62 per cent. The second team found 707 appendage positive

cells in a total of 26,000 cells counted, an average of 2.72 per cent. Thus, no

important difference was found between the total counts of the two groups

of investigators. Therefore, possible individual differences in counting did not

seem to have affected the results of the present study.

In table 3 the experimental conditions concerning the animals treated with

autologous and homologous bone marrow are summarized.

Table 4 shows the incidence of the drumstick counts after irradiation and

transplantation of autologous bone marrow. No differences between the

average pre- and post-irradiation values were found in the two male and

the three female animals.

After transplantation of homologous bone marrow (male host-female

donor) a significant increase in the D.A.F. was observed concurrently with

the recovery of the peripheral blood (table 5). The drumstick counts of

the donors exceeded 2.0 per cent while the pre-irradiation values of the hosts

were always less than 0.15 per cent. In addition, histologic examination

showed a recovery of hemopoiesis in the bone marrow of these animals.

It may be concluded that the drumstick counts indicated at least a partial

repopulation of the hemopoietic tissues of the host by donor cells. Because
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Table 5.-Drumstick Appendage Frequency (D.A.F.) in irradiated Monkeys
Treated with Homologous Bone Marrow

Hosts o’

Donors � Before irradiation After irradiation

Monkey
no.

121

122

151

109

Total Average total average total average
cells D.A.F. Monkey cells D.A.F. cells D.A.F.

counted no. counted % counted %

7000 3.61 20 5000 0.06 1448 1.55 (P.(0.001)*

4000 2.07 86 4000 0.07 1375 0.94 (P < 0.001)

4000 2.60 142 4000 0.05 5000 2.90 (P<0.001)

4000 2.62 129 4000 0.15 3000 1.20 (P<0.001)

5Signific ance of difference between pre. and post-irradiation values.

of the fairly large variations in the normal drumstick count, it does not seem

to be possible to differentiate between a mixed host-donor population in

the bone marrow or total replacement by donor cells; i.e., the method cannot

be used quantitatively.

SUMMARY

1. The average values and the range of drumstick counts in the neutrophil

granulocytes in males and females of a normal group of rhesus monkeys were

estimated.

2. No important individual differences in counting were found between two

groups of workers.

3. Irradiation and treatment with autologous bone marrow does not influ-

ence the drumstick appendage frequency.

4. The drumstick counts are an important indication of the take of a bone

marrow graft when female donors and male hosts are used.

SUMMARIO IN INTERLINGUA

1. Esseva establite le valores medie e le maximos e minimos de numerationes

del appendices in forma de baston de tambur in le population de granulocytos

neutrophilic de masculos e femininas in un gruppo normal de macacas rhesus.

2. Nulle significative differentias esseva trovate inter le numerationes ef-

fectuate per duo gruppos de travaliatores.

3. Irradiation e tractamento con autologe medulla ossee non exerce un

influentia super le frequentia del appendices in forma de tambur.

4. Le numeration del bastones de tambur es un importante indice del

grado de acceptation de un graffo de medulla ossee quando le recipiente es

mascule e le donante feminin.
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