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ABSTRACT

The effects of the anti-neoplastic agent, melphalan, 
upon the peripheral lymphocytes of the guinea pig were ex
amined by computer analysis of the digitized images of 
their Feulgen stained nuclei. There were at least two 
subpopulations of cells, based on the relative numbers of 
darkly stained points in the nuclei, which responded differ
ently to the drug. Features extracted from the cell images 
could be used by a supervised learning algorithm to dis
criminate between T lymphocytes and B lymphocytes. The 
classification into T and B lymphocytes produced virtually 
the same two subpopulations as that based on the relative, 
numbers of darkly stained points. The melphalan showed a 
selective toxicity for the B lymphocytes.

In an ancillary study, various aspects of the 
Feulgen stain were examined in a statistically controlled 
study.



INTRODUCTION

Melphalan* is an anti-neoplastic agent belonging to 
the class of alkylating agents. Chemically, it is a mole
cule of phenylalanine with two mono-chlorine substituted 
ethanes attached to the phenol group via a nitrogen, as 
shown in Figure 1.
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Figure 1. The structure of melphalan.

Clinically, it has been used in the treatment of 
multiple myeloma, a cancer of the antibody producing cells, 
and lymphosarcoma, a cancer of the lymph nodes. More 
recently, it has been used in combination with other drugs 
to produce a synergystic action (36).

In the body, the unmodified drug enters the target 
cells very quickly, whether given orally or intravenously, 
and alkylates the guanine groups of the DNA of the cells (21).

*Synonyms include p-di(2-chloroethyl)amino-L-phenyl- 
alanine, CB 3025, L-sarcolysine, sarcolysine and Alkeran.
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The drug is also a powerful immunosuppressant in rodents 
and man, and therapy is invariably associated with a pre
cipitous drop in the total white cell count in the blood, 
as well as a depression of the ability to mount a humoral 
response to antigen stimulation (21). Melphalan's action 
is inhibited by amylobarbitone and possibly other barbitu- 
ates (38) .

The biological action of the drug is mainly upon 
the elements of the cell nucleus. It stops mitosis in the 
post-S or G-2 phase (10), causes chromosome breaks, chroma
tid breaks and exchanges (10, 43) and possibly binding of 
non-histone protein to the DNA (22). The alkylation of the 
DNA causes template inhibition by cross-linking the DNA 
strands (26) . In studies of tumor and hematopoetic precur
sor cells in rodents, the greatest effect was at 24 hours 
after the initiation of the drug treatment (10, 43).

Resistance to the drug is believed to be conferred 
by the ability of cells to repair the damaged DNA enzy
matically (9). This mechanism is probably not important 
in the inhibition of melphalan by barbituates, which are 
thought to induce enzymes which act directly on the mel
phalan itself (38). While such repair may allow the cell 
to survive, mutagenesis is a common result (10), and stable 
mutations in myeloma cells leading to altered production of 
Bence-Jones proteins have been reported (29).



The immunosuppressant action of melphalan suggests 
lymphocyte involvement. Lymphocytes and their differenti
ated descendants are the cells responsible for mediating 
immune responses 7 and have been divided into three classes 
in the guinea pig (1, 15, 18, 24, 25) on the basis of 
immunological and biological properties, namely, the T cells 
(thymus derived), B cells (bursa or bone marrow derived) 
and Kurloff cells, whose origin and function are not well 
understood.

In general, T cells are associated with cell- 
mediated immunity, including such processes as graft versus 
host reaction, delayed hypersensitivity, immunity to viral 
and fungal infections and immunological surveillance. B 
cells mediate humoral responses, differentiating to produce 
clones of plasma cells which manufacture and secrete spe
cific antibodies against foreign substances and cells.
B cells may perform the tasks of recognition and response 
alone, or they may require the cooperation of T cells and 
monocytes.

Kurloff cells are identified by their inclusion 
body, a peptidoglycan mass (13, 24) which has been shown 
to inhibit cell-mediated immunity (31). They occur chiefly 
in females during estrogen stimulation (32) and may play a 
role in protecting the trophoblastic cells from host versus 
graft rejection during pregnancy (27). There is some doubt



as to whether they are actually lymphocytes, derived from 
lymphocytes, or merely happen to look like lymphocytes but 
are actually a different cell type altogether (19, 25, 27). 
It should be pointed out that Kurloff cells rosette rabbit 
erythrocytes as T cells do (33). They do not occur as such 
in animals other than guinea pigs, but there is evidence 
for some sort of counterpart cell in humans and other 
animals (14).

Previous studies have been done on the immunologic 
effects of melphalan. Using guinea pigs, Turk and Parker 
(40) found that humoral immunity was greatly impaired, but 
contact sensitivity reactions were prolonged and intensi
fied; Jones-Mote reactions were converted to appear as 
delayed hypersensitivity reactions. They were able to find 
little histological difference between the lymph nodes, 
however, and concluded that melphalan "produced an apparent 
increase in T cell activity by functionally suppressing 
B cell activity, although no histological evidence of deple
tion of B cells cound be found."

!
Watzin and Jensen (43) attempted to investigate the 

effects of melphalan on chromosomes, but they were unable 
to study the peripheral lymphocytes because mitotic figures 
could not be produced in their blood cultures. Their work 
on bone marrow aspirates showed maximal cytogenic effect at 
24 hours after exposure to the drug, but with respect to
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visible changes in the chromosomes, the effect was reversi
ble , and disappeared after 72 hours. However, Preud'homme 
et al. (29, p. 320-322) showed that "melphalan is very- 
effective in producing stable and heritable changes in 
immunoglobin production in mouse myeloma cells."

As an alternative to the techniques employed in the 
studies mentioned above, scanning cytophotometrie studies 
have been conducted to assess the effects of immunologic 
agents and procedures on lymphocytes and other cells (10,
2 8). This method offers advantages in that the cells are 
prepared with technically simple methods, and the data, once 
collected, can be stored on computer tape and analyzed by 
different algorithms. Computerized analysis of the digi
tized cell images allows such features as cell size, stain
ing intensity and texture to be extracted and analyzed 
objectively (2, 5, 6, 8). Subtle and subliminal changes 
in the cells may thus be detected and measured objectively 
(3, 4, 7).

In this study, the techniques of scanning cyto
pho tome try are used to assess the effects of melphalan on 
the peripheral mononuclear cells of normal guinea pigs.



MATERIALS AND METHODS

' Animals
Six albino guinea pigs of the outbred "Amana" 

strain were selected at random from the colony of the 
Department of Microbiology and Medical Technology of the 
University of Arizona. Their weights ranged from 700-1000 
grams. The animals were individually housed in steel cages 7 
and fed Purina Guinea Pig Chow supplemented with hay and 
cabbage, and water, ad libidum.

Drug Protocol 
Melphalan, supplied by the National Institutes of 

Health, was weighed out into small, sterile glass vials 
which were sealed with injection stoppers and kept under 
refrigeration prior to use. The propylene glycol solvent 
was filter decontaminated using a sterile Millipore appara
tus (pore size 0.22 ym). Two hours before use, the glycol 
was added to the vial containing the drug which was then 
attached to a mechanical shaker to dissolve the drug to a 
final concentration of 2 mg/ml. Random tests of the drug 
mixture and solvent showed no aerobic growth on blood or 
chocolate agar at 37°C.

6



The animals were weighed, bled and injected intra- 
abdominally with the drug. Two control animals received 
only solvent on a weight apportioned basis. The experimen
tal animals received a total of five injections spaced 24 
hours apart, 1 mg/kg/day x 5 days. Plastic tuberculin 
syringes were used throughout. The first blood collection 
served as a self-control for all the animals, since they 
received their first drug dose afterwards.

Blood Handling 
All glassware containers were siliconized with 

Siliclad (Becton-Dickinson) to minimize hemolysis.
Tuberculin syringes were loaded with 0.05 ml 

heparin (1:100) . A half milliliter of blood was drawn by 
cardiac puncture without anesthesia. Prior to mixing the 
blood, smears were made for differential counts. The blood 
was then transferred to glass Kahn tubes and agitated to 
intermix the anti-coagulant.

After a sample of the blood was taken for a total 
white count, the blood was carefully overlaid on 1 ml of a 
methylcellulose-hypaque mixture (23) and allowed to stand 
for 20 minutes undisturbed. This was followed by a 30 x g 
centrifugation for 25 minutes. The leucocyte containing 
layer was drawn off with a capillary pipette and trans
ferred to another Kahn tube. The cells were suspended in
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physiologic saline (0.15 M) and spun down at 900 x g for 
25 minutes. They were then washed twice with cold saline.

The cell button was suspended in a few drops of 
saline and then applied to ethanol-cleaned slides with a 
Cytocentrifuge (Shandon Elliott) at 1500 rpm for 10 minutes. 
The slides were fixed for 15 minutes in 10% glacial acetic 
acid in methanol, and stored under refrigeration in a 
plastic box prior to staining.

Staining
Since there were six animals, each of which was 

bled six times, it was convenient to use a 6 x 6 x 6 Latin 
square analysis of variance (ANOVA) design for the staining. 
This permitted the subsequent separation of the three 
effects of staining batches, animals and days. The slides 
were thus stained six at a time; the same Schiff reagent 
was used for all slides.

The Feulgen stain was used as modified (16). This 
was done in the following steps:

9 5% ethanol 1 minute
70% ethanol 1 minute
50% ethanol 1 minute
30% ethanol 1 minute
water 1 minute
5 N HC1 45 minutes
1 N HC1 1 minute
Schiff reagent 2 hours
sulfurous acid bleach 6 minutes
pH 5.6 buffer 10 minutes
30% ethanol 1 minute
50% ethanol 1 minute
70% ethanol 1 minute
95% ethanol 1 minute



Timing was to the nearest second, and 300 ml of 
each reagent was used. The sulfurous acid bleach was done 
in three steps of two minutes each. The buffer was applied

. _ I

in twoxsteps of five minutes each, and consisted of 0.1 M 
citric acid/0.2 M Na2 HPC>4 (Mclllvain's buffer) (16). The 
hydrolysis time was arrived at by estimating a hydrolysis 
curve. The optimum time was taken as that which gave a 
staining intensity in which the darkest point (1 pm^) of 
typical nuclei was in the range of 0.80-1.20 extinction, 
and in the darkest of cells, 1.60 extinction. The stained 
slides were kept refrigerated without cover slips until 
they were scanned.

T and B Cells 
Samples of guinea pig T and B lymphocyte enriched 

suspensions were separately prepared as training sets for 
the supervised learning program (explained below). The 
procedure consisted of drawing the blood by cardiac puncture 
with heparin anticoagulant, separation of the leucocytes by 
Ficoll centrifugation (11), removal of monocytes by glass 
adherence (42), nylon wool (rather than glass beads) 
separation to produce T cell enrichment and mechanical 
elution of retained B cells from the nylon column (34).
The suspensions were then mounted on slides, stained and 
digitized in the manner described for the melphalan
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experimental animals. Determination of the T cells was 
done by erythrocyte resetting (45). For the purpose of 
this study, "B cell" effectively means "non-resetting 
T cell" as a separate B cell determination was not done.

Image Acquisition
The nuclei were scanned with a Zeiss Cytoscan 

microscope (a scanning microspectrophotometer) interfaced 
with a PDP-12 computer (Digital Equipment Corporation). In 
the scanning process, an area 1 ym^ is examined for optical 
density (extinction), the stage is stepped (moved), the 
next area read, and so forth, until the entire nucleus is 
examined, point by point. The recorded values for the 
optical density of each point, when mapped according to 
their original location in the cell, form a "digitized 
image" in which numbers represent shades of gray in the 
cell (44).

The digitized image was edited to remove extraneous 
debris and parts of other nuclei included in the scan area, 
and stored on magnetic tape. Eventually, the data were 
passed by appropriate means to a larger PDP-11/45 computer 
(Digital Equipment Corporation) for analysis.

For each animal-day, 126 randomly selected cells 
were scanned in this manner. Only mononuclear cells were 
acquired, and no attempt was made to discriminate between
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lymphocytes and monocytes. The cells were scanned at a 
wavelength of 540 nm7 with a step size (between spot 
centers) of 0.5 pm.

Data Reduction and 
Feature' Extraction

Each file of "cells" (i.e., 'digitized cell images) 
represents a single animal-day. Each cell in the file has 
a unique identification code, so it is thus possible to 
create feature files by different algorithms, and later 
compare the cells o n .the basis of any and all of the 
features. Three feature extraction programs were used: 
REDUCE, HIST10, and CONDEN, although not all extracted 
features were employed in this study.

HIST10 generates a histogram of the 18 gray levels 
in each cell, and also produces th^ counts of the number 
of points in the image as a measure of the area, along 
with the sum of the extinction values (called the "total 
extinction") as a putatively stoichiometric measure of the 
amount of stain in the nucleus. The ancillary program, 
ANVAR, further reduces the features of HIST10 to summary 
statistics on a per file basis.

CONDEN (41) generates three features for each cell 
which are:

1) , a measure of the amount of material 
contained in condensed granules
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2) a measure of the tendency of condensed 
chromatin to occur toward the periphery 
of the nucleus

3) a measure of the fineness of the granules 
REDUCE generates a variety ■of f eatures, not all of

which are appropriate for cell, images which lack cytoplasm 
(as those in this study do). The features used here were 
the transition probabilities (3, 5) which form a mathemat
ical description of the optical texture of the nuclei.

Feature Selection 
After the initial data reduction and feature 

extraction, a given feature can be analyzed to determine 
its utility as a discriminator between two groups of cells. 
This is expressed in terms of the "ambiguity function" or 
simply, ambiguity (20, 39). The result is a number be
tween zero and one, where "zero" would indicate that a

z

particular feature could be used to distinguish totally 
two groups with no doubtful assignments (no ambiguity), 
and "one" indicating that no distinction can be made.

For each of the features extracted, the ambiguity 
function was computed to test the feature's utility to 
discriminate between the T enriched and B enriched (i.e.,
T depleted) files, and again to test between the cells 
collected for the self-control of the drug experiment and 
the cells collected on day four.
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Computer Classification 
After the feature extraction and data reduction, 

and the analysis of the features by the ambiguity function, 
various classification procedures may be applied, and 
their classifications compared with biologic methods.

One of the simplest is to select a feature (or 
composite of features) and plot the number of cells as .a 
function, of the value of that feature (44). The program 
FEDSPL will do this, and also create files' that are subsets 
of the original, based on where the cells fell in the dis
tribution. Figure 2 shows an output of FEDSPL.

Another, more sophisticated procedure is called 
supervised learning. In this procedure, the extracted 
features of two or more files of cells thought to be pure, 
or relatively pure, but distinct model populations are 
presented to the program, which then computes and saves a 
decision rule that uses the extracted features to discrim
inate among groups of cells.

The model populations are collectively called the 
training set. Once the procedure has been developed, it 
can be applied to unknown files of cells, presumably a 
mixture of the types of cells in the original training set, 
and can proceed to classify the unknowns into the groups of 
the training set.



RANGE PERCENT TOTAL
0.000 0.1839 (139) j******************************************************
0.012 0.0370 ( 28) j**********
0.023 0.0317 ( 24) j*********
0.035 0.0489 ( 37) j**************
0.046 0.0410 ( 31) j************
0.058 0.0648 ( 49) j*******************
0.070 0.0847 ( 64) j************************
0.081 0.0688 ( 52) j********************
0.093 0.0780 ( 59) j**********************
0.104 0.0714 ( 54) j********************
0.116 0.0780 ( 59) j**********************
0.12 8 0.0688 ( 52) j********************
0.139 0.0516 ( 39) j***************
0.151 0.0304 ( 23) j********
0.162 0.0198 ( 15) j*****
0.174 0.0132 ( 10) I***
0.186 0.0093 ( 7) I**
0.197 0.0079 ( 6) x**
0.209 0.0040 ( 3) I*
0.220 0.0013 ( 1) I*
0.232 0.0013 ( 1) I*
0.244 0.0026 ( 2) I*
0.255 0.0000 ( 0) I
0.267 0.0013 ( 1) I*

Figure 2. An output of FEDSPL. —  This is a histogram of the relative occur
rence of a feature (in this case, the number of points in a cell 
having a particular gray level) for a set of (756) cells. RANGE 
is the lower bound of the feature's occurrence for a given line, 
PERCENT is the percent of cells whose feature value fell into the 
particular interval, and TOTAL is the actual count of the cells 
in the interval.
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The features selected for use by the classification 
program were those which least ambiguously discriminated 
the groups in the training set. By using more than a single 
feature simultaneously, statistically better discrimination 
of the cells may be realized. The program CLASIF was used 
to accomplish the learning and classification, based on 
probability density in a multivariate hyperspace.

For the T enriched and B enriched (T depleted) 
populations, 126 cells each were used as the training set, 
with the 5 best features as determined by the ambiguity 
function. The saved procedure which CLASIF developed was 
then applied to each of the cell files from the drug 
experimental and control groups.



RESULTS

The most obvious effect on the drug-treated animals 
was their weight loss. They lost weight steadily while the 
controls showed no effect (Figure 3). Another gross change 
was the precipitous drop in the leucocyte counts of the 
drug-treated animals (Figure 4), a well-known effect of 
melphalan. No effect was expected in the solvent controls, 
since propylene glycol is converted to pyruvate in a single 
metabolic step in the guinea pig (35).

The Stain
The average total extinction for each animal-day 

was analyzed by Latin square ANOVA to determine if there was 
any effect on the staining due to the orthogonal effects of 
days, animals and stain batches. Unfortunately, this and 
other statistical analyses were complicated by the loss to 
the study of the data of one animal-day in a control animal, 
and a few of the raw cell images from some of the drug- 
treated animal files due to instrument malfunctions. There 
was a significant difference in staining intensity due to 
staining batches, but not due to animals or days. The 
source table is presented as Table 1.

16
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Figure 3. Daily weights of four guinea pigs treated
over five days with melphalan. —  Untreated 
controls showing no change, not shown.



Figure 4 Leukocyte counts. -- Melphalan treated and 
untreated guinea pigs during 5 day melphalan 
administration.
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Table 1. Summary of analysis of variance of total 
extinction values' of Feulgeri-stained- 
lymphocytes from six guinea pigs„

Source Sum Degrees
of of of Mean

Variation Squares Freedom Square F

Animals .568 X H o <y\ 5 11.3 X oH 1.09
Days .448 X 106 5 8.96 X

<3*oH .859
Batches 4.76 X 106 5 95.3 X H O 9.13*
Error 1.9 8 X H O <T\ 19 10.4 X oH

Total 7.76 X 10 6 34

*p<.001

(
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Figure 5 shows the plots of the means of each level 
of each effect. Batches are shown in the order in which 
they were processed. The dip followed by the rise to the 
plateau was reproducible (in a pilot study for another 
project); this seems to represent a change in the color 
of the chromophore (17). Since it was a total of about 
10 months between the scanning of the first and last batch 
of cells (they were scanned in order of staining batches), 
there seems to be no discernible trend due to aging of the 
stained cells.

FEDSPL Classification 
Since the mode of the gray level histograms ob

tained shifted through the course of the experiment, four 
features from HIST10 (the relative frequencies of occur
rence in intervals 5, 6, 9 and 10) were combined for 
analysis by FEDSPL. A typical result is presented in 
Figure 2. The top of the display corresponds to cells 
which have few dark points, and the bottom to cells which 
have relatively more dark points. It is clear that there 
are two distinct distributions of cells; the plot is bi- 
modal, with a small population of cells with few dark 
points, and a large population having relatively more dark 
points. Cells were thus classed on the basis of where
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Figure 5. Plots of the individual Latin square ANOVA 
treatment means with 95% confidence inter
vals. —  The three wider intervals reflect 
the fewer degrees of freedom for the groups 
with the missing animal-day. Batches are 
shown in the chronological order in which 
they were stained and scanned. Batches A 
and D, the only pair whose limits do not 
overlap, differ from the grand mean of 
batches by +7% and -9%, respectively.
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they fell in such a distribution into the 11 light" and 
"dark" staining cell subpopulations, respectively.

Tracing the relative abundance of these cells 
through the course of the experiment was not too revealing, 
the reason being that the total numbers of leucocytes 
fluctuated rather greatly during the course of the experi
ment, and varied substantially between the treated and 
control groups of animals. Thus, the percentage of a cer
tain class of cells might change significantly, while the 
actual absolute count in the blood did not change at all, 
and vice versa (32, 33). Converting the numbers to abso
lute counts (absolute count = WBC count x % mononuclears x 
% subpopulation) and plotting these data, it can be seen 
that the dark-staining subpopulation is sensitive to the 
drug, and the light-staining cell subpopulation is not.

Figure 6 shows this quite dramatically. In the 
treated animals, the dark-staining cell population exhibits 
logarithmic decline in numbers, while in the control ani
mals the number of these cells, after declining in the 
first day, show an actual rise. The treated animals show 
maximal effect on day four, followed by a slight recovery 
on day five.

In the light-staining cell population, however, 
such a gross difference in response is not seen. In fact.
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Figure 6. Daily average absolute counts per cubic milli

meter of blood of light and dark-staining cell 
subpopulations. -- Each point represents the 
average of the values for the animals in each 
class (melphalan treated or control). Above, 
a semi-log plot of the dark-staining cell sub
population of lymphocytes compares the logarith
mic decline in the treated animals' dark cells 
with the control animals' responses. Below, an 
arithmetic plot compares the treated and control 
responses of the light-staining cell subpopula
tions .
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there is hardly any difference at all in the absolute 
number's of cells in the blood between the treated and 
control animals.

Supervised Learning 
In the T and B cell study, the first thing to be 

considered was the accuracy of the algorithm the computer 
program CLASIF produced. The performance of the program 
was evaluated by submitting the training set to the program 
as if the classification were unknown, and comparing that 
classification with the resetting classifications as stan
dard. The results are presented in Table 2.

The computer result for the T-depleted cells is 
expressed as "B cells." This has to do with the fact that 
the computer was looking for two classes of cells (rather 
than one class plus all others, as the resetting method 
classifies). It is assumed that the T-depleted population 
was actually pure B cells, so that the reported number of 
B cells means "cells most like the majority of cells in the 
T-depleted population." It should also be pointed out that 
the computer is evaluating features of the stained nucleus, 
while the erythrocyte resetting depends on cell surface 
membrane interactions. It is clear from the table that the 
computer is much better able to identify nylon non-adherent
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Table 2. Comparison of data from a resetting technique 
and computer classification of lymphocytes.

Resetting Computer
Technique Classification

Replication 1 2 T Cells B Cells

T enriched 92% 93% 92.5% 7.5%
T depleted 42% 36% 25.0% 75.0%
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cells which rosette erythrocytes than nylon adherent cells 
which do not rosette. The relative error of the first case 
is zero, but for the second case it is +23%.

The classification was applied to the melphalan 
experiment cell files, and the absolute counts computed in 
the manner of the light and dark-staining cells; the re
sults are presented in Table 3 and plotted in Figure 7.
The numbers of T cells and the numbers of light cells 
(Table 4) appear quite similar. These numbers of cells, 
for each animal across days, can be tested for independence 
by the G-test [similar to the chi-square test (37)]. Of 
the six animals, four showed no difference between the 
occurrence of light cells and T cells, while two, an 
experimental and a control animal, showed a significant 
difference (alpha = 0.001).

Because the number of cells per animal-day was not 
always the same, and one animal-day was missing, it was 
not convenient to perform either a three-way G or ANOVA 
test on these data. However, in each of the six G-tests 
above, the same scientific question was asked; the cumula
tive probabilities of each of the six G-statistics can be 
pooled, and the joint or pooled probability tested for 
overall significance (37). 

k
-2 E In Pj_ is distributed as w ith 2k degrees 

i=l
of freedom, where Pi is the cumulative probability of the



27

Table 3. The numbers of cells classed as T cells by . 
CLASIF.

ANIMALS
DAYS 1 2 3 4 5* 6*

0 43 52 70 83 15 60
1 3 68 54 12 ** 26
2 69 3 36 16 8 13
3 O' 6 6 2 4 12
4 90 19 25 16 57 9 •
5 6 52 2 1 21 16

*Animals 5 and 6 were control animals
**Lost to the study



Figure 7. Average absolute counts of T and B lymphocytes 
per cubic millimeter of blood as a function of 
time after treatment. —  Each point represents 
the average of the values for the guinea pigs 
in each class Imelphalan treated (0) or con
trol (A)]. Top, a semi-log plot of the B cells 
compares the logarithmic decline in the treated 
animals' B cells with the control animals' 
response. Below, an arithmetic plot compares 
the treated and control responses of the T 
cell population.
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Figure 7. Average absolute counts of T and B lymphocytes 
per cubic millimeter of blood as a function of 
time after treatment.
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Table 4. The numbers of cells classed as FEDSPL light 
cells for each animal as a function of time 
post treatment.

ANIMALS
DAYS 1 2 3 4 5* 6*

0 36 39 27 20 2 50
1 1 44 29 4 ** 18
2 46 2 10 4 0 2
3 4 2 0 1 2 0
4 59 11 32 9 28 0
5 2 16 1 0 8 5

*Animals 5 and 6 were control animals
**Lost to the study



computed G-statistic, in this case, and k is the number of 
such statistics in the study. The cumulative probabilities 
in this study were computed directly, rather than by inter
polation of a table. The cumulative probability of the 
resultant, pooled statistic is less than 1% (i.e., the 
probability that the null hypothesis is true is greater 
than 99%), indicating that overall, there is no real 
difference between the T cells and the light-staining 
cells. Of course, this also implies that there is no 
difference between the dark-staining cells and the B 
cells.



DISCUSSION

The classification study has been guided by two 
assumptions. It has been assumed that non-T cells or 
non-rosetting cells are, in fact, B cells. It has also 
been assumed that the cytophotometric characteristics of 
T and B cells will be essentially the same among animals, 
at least of the same species. The latter assumption is 
supported by previous studies in the mouse (28). On the 
basis of these assumptions and the data, the conclusion is 
drawn that melphalan has a selective toxicity for circu
lating B cells, but not T cells, in the guinea pig.

If this holds true for man, the results are of 
clinical significance because studies have suggested that 
the lymphomas which melphalan is used to treat may consist 
of tumors which contain only one of the two classes of 
lymphocytes (12). Melphalan would be contraindicated in 
T cell lymphomas.

Of interest is the depletion of circulating B 
cells observed in this study, but the absence of histo
logical evidence of B cell destruction observed by Turk 
and Parker (40), in the lymph nodes of guinea pigs. Since 
they observed a loss of B cell activity, these results are 
somewhat difficult to reconcile without postulating
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immunologic as well as pharmacologic differences between 
circulating B cells and nodal B cells, at least with 
respect to the immunologic tests Turk and Parker used, 
and susceptibility to melphalan. This is in contrast to 
their results and others (1) with cyclophosphamide, which 
showed corresponding losses of nodal B cells and B cell 
activity. It would be interesting to use cytophotometric 
methods to study the effects of the two agents oh the 
nodal lymphocytes.

Classification Errorv ---------------- -------
With respect to the discrepancy between the com

puter classification of the T-enriched and T-depleted 
populations of cells versus the erythrocyte resetting 
results, this study does not provide a direct explanation 
However, as has been pointed out, the resetting is a mem
brane phenomenon, while the computer classifications are 
based on the features of the stained nucleus. The robust 
ness of such a classification basis is indicated by the 
fact that two different computer.classification methods 
(via FEDSPL and CLASIF) arrived at essentially the same . 
results.

' Both male and female guinea pigs can produce 
Kurloff cells (under oestrogen stimulation), and these 
have been reported to rosette erythrocytes (33). Since
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their origin and physiologic and immunologic functions are 
still uncertain (14, 19, 27, 30, 31, 32, 33), it may be 
postulated that these cells (or their progenitors) contrib
uted to the error of measuring the B-enriched cell frac
tion. This would, mean that latent or developed Kurloff 
cells would be nylon adherent, and would have a nuclear 
staining behavior more similar to B cells. Unfortunately, 
the data of the present study do not permit evaluation of 
this hypothesis. The characteristic inclusion body does 
not stain in the Feulgen stain, and so would not have been 
apparent during data acquisition.

On the other hand, the studies of Anderson, Nordling 
and Hayry (1) and Reveil, Wilson and Coombs (33) on the 
relative percentages of the lymphoid subpopulations of 
guinea pigs which rosette rabbit erythrocytes make it 
appear possible that the intrinsic variability in the 
resetting method is at fault. This would still leave 
unexplained the question of why all the error was concen
trated in the nylon adherent fraction of the cells.

Stain Effects
The Latin square design of the staining permitted 

the separation of the effects upon staining due to animals, 
days and batches. These were not only statistically 
separated, but effectively as well, so that any effect
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due solely to stain batches would not influence other 
operations on animals or days, such as the classification 
procedures. Only the batches showed significant differen
ces.

The data suggest that the buffered rinse virtually 
eliminated the problem of fading of the chromophore in 
the stained cells. Since the slides were scanned in the 
same pattern as they were stained, the differences among 
batches could be due to the aging of the Schiff reagent 
between batches (total time, six days), or due to the aging 
of the slides before scanning (total time, 10 months). If 
the effect were due to the long term aging of the slides, 
one would expect a steady, even linear effect, such as a 
steady fading. This was not observed. A change in the 
Schiff reagent seems more likely, then, and would be 
consistent with the observations of other workers (17).

)
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