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Chromosomal Analyses of Bone Marrow and
Peripheral Blood in Subjects
With a History of Illicit Drug Use
Anthony P. Amarose, PhD, and Charles R. Schuster, PhD, Chicago

Cytogenetic and clinical data were An excellent review of chemicals amphetamines was conducted twice a
obtained from 22 former illicit- tested on human cells only, is that week. Supervision of the patients by a
drug-users and 22 controls. Sub- of Margery Shaw 2 which lists ap- staff composed of ex-drug addicts fur-
loots were grouped into four cute- proximately 200 agents proved or thor ensured that the subjects had

been drug-free £or the duration of
garies depending on main drug of suspected _f :_reaking chromosomes their residence. The communal milieu
choice: opiates, psychedelics, am- (visible) or causing mutations afforded• the oppo_v.nity to maintain
phetamines, and barbiturates. No (submicroscopic). sufficient bed vesL nutritional adequa-
relationship or difference was _scer- These _wo citations, in addition cy, and medical supervision. Informed
talned between abnormal metaphas- to those listed subsequently, are il- consent was obtained from the sub--
eg and drug type, time off drugs_ lustrative of the dilemma and con- jects. The 22 _;oluntcers who _erved as
years on drugs, or_life style. Drug flitting " " " -interpre_atmm:. Suffice to controls were se'_,ected from the techvi-
users showed a disparity in the say that the papers have been so- cal staff of _._e Cificago Lyingdr, _os
chromosome damage of the bone lected a_ representative in that they pita!. _.n selecting the controls, we
marrow and peripheral blood, since serve to delineate the area of _nter- made every effort te _ecrui_ those in-terested in the project who were
their peripheral blood lymphocytic est or controversy cited, aware that it concerned il!icit-drug-
cells exhibited a statistically signif- The existence of this controversy users, bui: who had no history of il!icit
icant number of abnorma_ recta-- points to the fact that nondrug drug abuse.
phases, while the bone marrow was variable5 may co_tribute to the pro- Subjects _xere _ro;:ped int_ fear sec-
essentially no_vnal. Karyotype anal- duction of chromosomal damage, tions based c_. their main drug of
yses of marrow and b_ood meta- For i_stance, poor health an.d nutri- dependence: opiates, psychedelics, am- _.
phases did not reveal clones of cell_, tion and chronic fatigue, usual con- phetami_es, and barbiturates. How-
Although the chromosome damage comitants of dr_g intoxication, ever, these/:roupings are not exclusive
is statistically different (P < O.O01) may also be involved in previous since 20 subject=_ had taken more than

one drug type and 21 had _ history of
between the former illicit-drug findings. Also, previous reports septic parenteral drug admimztratio_.
users and controls, there is no proof have described data on the circulat- At the time _f each test _ subject's
of direct causality between drugs, ing lymphocyte, thus restricting the bone _aarrow aspiraticm was per-**
drug abuse, and damaged chromo- d_ta to one cell. Data on the possi- formed, two pe_';phera! b!_,o_ culture_
seines, hie chromoso_ne damage of bo_',e for each :,ubject a_d it.s r:_piicate con-

marrow cells from humans after trol were prepared, ro_tlne laboratory _
prolonged nontherapeutic use of p_y- analyses we'.:e _erfo_md for the sub-

chotropic drugs is lacking, jects, inch_di_g b_ood chemical dcte_--NE OF THE principal concerns The present study was denim'ned minatior_s_ r,.rir.clysis, complei:e bloo_
of the eytogenetics of former drug to evaluate the effects of illicit drug count (CB_}, sedlmentatmn rz.te, and i !

platelet determlnv.tio_s.
abusers has been the possible pro- abuse more completely in a popula- Study Prol_coL.--Bot_e Marrow As.. [
duction of residual chromosomal ticn where some of the other stress- piration.--A direct technique for
damage which could be transmissi- es were co)_trolled. Former illicit.- studying the mar_cw :hr,_mosomes i
ble. Specific objectives have been to drug-users living in _ therapeutic without p_,',or in vitro culture was a
determine those drugs which pro- residential house were studied. The modification of the method of Tjio and
duce chromosome damage and the data were obtained from the chro- Whang.a This method ha_ no stimula-
manner in which the body handles mosome constitution of the sub- tory effect on cell divisiorl. Smears and

affected cells with chromosomal jects' bone marrow, comparison of sections of mar_ow particles were pro-
aberrations, this to their peripheral blood and pared for and interpreted by the Divi-

The literature concerning chro- that of a control population, and stoner Hematolo_zoPeripheral Blood.---The 72-hour cul-
mosomal breaks by chemical agents other clinical observations at the ture p_ocedure was a modificatic-n of a
is notoriously controversial and un- time of taking. The results demon- whole blood r_.aicrcmethod previously
settled. A computer-generated bibli- strated significant changes in the described. 4 The 72-h-,ur cu!tures were
ography for 1969 on chemical muta- peripheral blood and not the bo_e assessed for t_,e n_mber c,f cell cycles
genesis contains 967 citations _ of marrow, using tritiated thymidine. Utii;zing
their effects on plants and animals, this procedure, no cells were fovnd to

Methods be in a second mitotic division. Two
Accepted for publication April 5, 1971.

From the departments of obstetrics and culture flasks were set up for each
gynecology (Dr. Amarose) and psychiatry (Dr. Subjects and Controls.--The 22 sub- subject and replicate control. Four
Sehuater), the Pritzker School of Medicine, jects were former illicit-drug-users re- slides were prepared from each flask,
lJniv_rsity of Chicago, Cificago. siding at a special therapeutic institu- giving eight for each subject and

Reprint requests to Department of Obstet-
ri¢$ and Gynecology',Univeraity of Chicago, tion for a minimum of three months, control.
@$41Maryland Ave, Chicago 60637 {Dr, Area- Urine monitoring for the detection of Scoring.--A minimum of 100 intact
tone), illicit use of opiates, barbiturates, and cells from e_ch periphera! blood cul-
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ture and bone marrow preparation deletion or translocated addition of was compared to a Control popula-
were counted. All slides were coded chromatin, tion (Propp and Amarose, unpub-
and the observer was unaware of any INVE_SIO_ (INV).--Reversal of a lished data).
relationship to patients or controls. To segment within a chromosome. The chromosomal aberrations in
strengthen the impartiality no observ- Blood CherMstry.mThe sodium and the 2,269 scored bone marrow cells
er scored slides from both bone mar- potassium were measured by emission
row and peripheral blood of the same flame photometer, chloride by Cotlove were unexpectedly low, with a total
subject. All eight slides were scored to Chlorodometer, and uric acid by the of 102 abnormal metaphases (4.5%)
obtain the 100 cells, uricase method, when including cells containing only

Classification and identification of Hematology.--The white blood cell chromatid gaps, or 32 (1.4%) if we
the chromosome aberrations followed (WBC), red blood cell, hemoglobin, exclude those cells with only gaps.
the International (Denver) System 5 as and hematocrit values were obtained Disparity of abnormal metaphas-
modified by Patau 6 and clarified by using the Coulter Counter Model "S." es between the subjects' bone mar-
the London Conference (1963) T and Differential counts were obtained by row and peripheral blood was ap-
the Chicago Conference (1966).s This microscopic analysis of stained blood
standardization enabled us to delineate smears counting each type of WBC in parent. Peripheral blood from the
cells with a normal chromosome hum- 100 cells scored, subjects had 2,237 cells scored, with
bet not necessarily indicative of a Urlnalysis.--A routine urinalysis in- a total of 449 (20.1%) of all abnor-
normal chromosome construction. We cluded: (a) visual examination for mal metaphases or 313 (14.0%) if
elected to score and include chromatid type and appearance; (b) pH reaction we exclude cells with only chroma-
gaps in our tabulations of chromosome using a Universal Indicator; (c) spe- tid gaps. Even if cells with only
damage since this achromatic area is a cific gravity using a refractometer; chromatid gaps were excluded, the
visible structural aberration of the (d) protein and reduction tests using one-way analysis of variance
chromosome, and varies in frequency the Uristlx method; and (e) micro- showed the number of abnormal
from case to case. The aberrations scopic examinations for casts, organ- metaphases in the subjects to be
scored were: isms, and other sediments on the slide.

GAPs.--A paled or achromatic area Calculation of Data.--The statistical significantly different in their pc-
of chromatid whose length is not analysis of the data was evaluated bY ripheral blood and bone marrow at

,greater than the width of the ehroma- a one-way analysis of variance a level of confidence of P < 0.001.
rid. M The 2,217 cells scored from the

CHROMATID BREAKS (cb).--A por- [DFB - M-I, DFW ffi _ (N, - 1), controls' peripheral blood had a to-
tion or fragment of one chromatid i = 1 tal of 259 abnormal metaphases
completely separated from the chro- FR = MSB/MSW] (11.7%), or 173 (7.8%) when cells
mosome, and a two sample test of significance with only chromatid gaps were ex-

ISOLOCUS BREAKS (ace).--Acentric using the Welch Procedure which ap- cluded. All chromosome aberrations
homologous chromatid portions of a proximates the "Student's"-$ for cases
chromosome, of unequal variances ("Student's"-t in the peripheral blood of the con-

EXCHANG_ FIGT_I_ES (ex)._Trans- assumes equal variance). The caleula- trols totalled 824, as compared to
located combinations of two or more tions for the analysis of the data are 622 for the subjects. The aberration
chromosomes often forming quadrl- stored in a PDP/81 computer, types which were not higher in the
radial and triradial figures, subjects were exchange figures and

DIC_.NT81C (dic).--Functionally sin- Results inversions. The one-way analysis of
gle chromosome with two kinetochores The number, type, and percent of variance comparing the abnormal
and formed by the fusion of portions aberrations in this study are sum- metaphases of the controls and sub-
of two chromosomes, marized in the Table. All types of jects showed the number to be sig-ISOCItROMOSOME (i) .--Chromosome
formed by a horizontal fission of the chromosome damage as listed in nificantly different at a level of
kinetochore. Methods were noted. The aneuploi- confidence ofP <0.001.

RINo (r)._Single or chain-linked dy was both hypodiploid and by- Although the two classifications
depending on the number of chromatid perdiploid. The chromosome damage of abnormal metaphases are signif-
ends joined with each other, seen in the peripheral blood of the icantly different between the periph-

TRANSLOCATmN (t).--Fusion of a subjects illustrates the marked dis- eral blood of controls and subjects.
chromosome fragraent to another in- parity with the chromosome profiles there was no specific difference be-
tact chromosome, of the subjects bone marrow, tween the four groups of subjects

Gg-.--A small Philadelphia-like The magnitude and range of the relative £o drug of choice. The aver-
chromosome appearing as a group G chromosome complements in the age age of all subjects and controlschromosome with 40% of the long
arms deleted, bone marrow cells of the subjects was similar, while that of the sub-

MARKER (mar).--An atypical uni- did not show appreciable deviations jects differed when grouped by drug
dentifiable chromosome shorter or from the normal number of 46 of choice: opiate group, 30.3 years:
longer than those of the normal corn- chromosomes. No difference was psychedelic group, 19 years; am-
plement and caused respectively by a noted when this series of marrow phetamine group, 24.5 years; and

p
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20 years for the barbiturate group. Summaryof ChromosomeProfiles
This is not an unexpected finding
when consideration is given to the Abnormal

Meta. Type and Number of Chromosome Aberrations
changing lifestyles of illicit-drug- Counted phases
users which has influenced the his- Cells _ ' -Gaps cb ace ex dic i r t Gq- mar iny
tory of drug abuse and the types of Bone marrow No. 2,269 102" 32t 90 26 6 0 0 0 0 0 0 1 0

drugs used.. (Subjects) % 4.5 1.4 4.0 1.1 0.3- 0 0.0_, --

The average number of years on Peripheral
drugs for all subjects was 7.3, but blood No. 2,237 449 313 194 170 12_ 5 17 8 6 61 i2 18 3

the average for the opiate group (Subjects) % 20.1 14.0 8.7 7.6 5.7 0.2 0.8 0.4 0.3 2.7 0.5 0.8 0.1

was 13.2 years, 3 years for the psy- Peripheral
chedelic, 6.8 years for the ampheta- blood No. 2,217 259 173 96 127 48 6 14 4 1 24 2 9 3

mine, and 6 years for the barbitu- (Controls) % 11.7 7.8 4.3 5.3 2.2 0.3 0.6 0.2 0.05 1.1 0.01 0.4 0.14

rate group. The small number of * Includes abnormal metaphases containing only chromatid gaps.

persons in each group makes an f Abnormal me'_aphases excluding those with only chromatid gaps.

interpretation difficult with respect
to months off drugs.

The subjects' time off drugs was
compared to the percent of abnor-
mal metaphases in the bone marrow
and peripheral blood. No correlation
was evident to account for the dis-
crepancy between their bone mar-
row and peripheral blood. Our data
show that 14 subjects in residence

for one to six months were on
drugs for an average of 22.8 years,
had an average of 14.1% abnormal

metaphases in the peripheral blood od immediately prior to this study, lysergic acid diethylamide, 45-5_psy-
and 1.3% in the bone marrow; The chromosomeprofileofthissub- chotropic drugs, 5s-64 and artificial
eight subjects in residence six to 13 ject did not show evidence of resid- sweeteners.cb,66
months were on drugs for an aver- ual chromosome damage. The diversity and disparity of
age of 9.6 years, had 13.8% abnor- A second control showed an un- opinions relevant to chromosome
real metaphases in the peripheral usually high percent of abnormal damage and hallucinogenic drugs
blood, and 2.1% in the bone marrow, metaphases. In a follow-up inter- began in 1967 when three different

Although the subjects were view it was found that, in 1959 and approaches were used in the re-
asymptomatic at the time of study, 1963, this control subject had two search. In the first study, Cohen et
the marrow of four showed an ab- acute episodes of pancreatitis which a145 examined human lymphoblasts
sence of iron stores, six had low . has been treated with a prescribed treated in vitro with varied concen-

L iron stores, ten had normal iron daily therapeutic regimen of pan- trations of LSD and compared the
stores, and two had unscorable iron creatic enzymes and hydrochloric results with control data. They con-

, stores. While this may reflect a poor acid substitution since 1963. cluded that LSD had a severe chro-
nutritional status, the cause of the bosoms damaging effect. Lough-
low iron stores was not systemat- Comment man et al _ did not see a difference
ically investigated in this study, in chromosomal damage between
The clinical chemistry and hemato- Modifications in number and LSD-treated in vitro cultures and
logic data showed no consistent pat- morphology of mammalian chromo- controls when using a dose equiva-
tern in the deviations from the nor- somes have been related to anum- lent to the 100t_g or lowest dose
real values. (Specific values are ber of factors. An illustrative, but used by Cohen et al.
available upon request.) not inclusive, list of alleged causes The second approach has been to

Although we conducted extensive are: diagnostic x-rays,_. _o internal examine the chromosome profiles of
s screening interviews in selecting and external irradiation,_._-_9 mar- the small lymphocytes obtained

our control group one control re- row disease states, -'o-_ viruses,e_ -_:* from persons using illicit LSD. Ir-
_ turned six months later and stated cytostatic chemicals, _o-_ chemical win and EgozcuO _ claimed a signif-
: that a total of 60 oral LSD inges- analogues of nucleic acid bases, _ icant amount of abnormal chromo-l-

d tions were taken in a one-year peri- antibiotics, a_-t3 teratogenic agents, _t some damage, while Loughman et
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a155 disclaimed evidence of severe icantly greater residual chromosome The lifestyles of the 22 subjects
chromosome damage in eight illicit- damage in the peripheral blood rela- in this study did not demonstrate a ;
drug-users, tire to the controls. The changes single instance of aseptic adminis-

Third, the psychotherapeutic use noted differ from findings reported tration and use of their drugs.
in humans of LSD afforded the after irradiation2 m-is in that cells There is no way we can prove the
opportunity to analyse cultured lym- did not deviate markedly with re- purity of the preparations. Concep-
phoblasts obtained from such pa- spect to the no_znal number of 46 tually, it is possible that the chronic
tients and compare the data to con- chromosomes. Also, levels of aneu- and septic use of drugs could have
trols who received no medication, ploidy and polyploidy were low in damaged the detoxifying potential
Bender and Siva san'kar _6 found no both peripheral blood and bone of the liver to an extent that the
difference between five psychotic marrow. Damage to the chromo- small lymphocytes became infected.
children who had received LSD and somes was random and affected all It is interesting to note that the
five who had not. Some of the chil- groups. In no instance did we find a control who subsequently reported
dren were given the drug every day marker or standard karyotype in 60 oral LSD ingestions did not
for as long as two to three years, any culture from any subject or show greater chromosome damage
Sparkes et al _7 compared I2 people control, when compared to both subjects
--four who were treated with LSD, An attempt was made to correlate and controls.
four who took illicit LSD, and four the variance between the normal Thus, the damaged, chromosomes
controls. They did not see a signif- metaphases of the subjects' bone we saw in excess of those found in
icant difference between the control marrow and peripheral blood. When "normal" controls could be a result
and LSD groups, we obtained the bone marrow and of the pharmacologic agents or the

Negative findings with LSD were peripheral blood we assumed that inability of these cells to repair the
also reported by Hungerford et alY' the time the subjects had been in damaged chromosomes prior to the
Tjio et al, 53 and Dorrance et alp 4 the therapeutic community would induction of mitosis. The cells, in
Kate and Jarvik 4s reported chro- be instrumental in this discrepancy, vitro, thus enter a mitotic suicide
mosome breakage in vitro with Such was not the case. since the type of chromosome dam-
LSD, but not in vivo. Corey et al _* There appear to be four possible age precludes the complete and nor-
reported no cytogenetic evidence of explanations for this discrepancy: mal formation of two daughter
chromosome damage with LSD ad- (1) the circulating lymphocytes in cells. In the organism, these cells
ministered therapeutically but in the peripheral blood may be exposed could harbor the residual damaged
vitro use of LSD showed an in- to a significantly higher concentra- chromosomes for long periods of
creased frequency of chromosome tion of the drug than bone marrow time with no observable harm to
aberrations. Psychotropic tranquil- cells; (2) or, given the same con- the individual until shunted into
izers were reported as negative for centration in the organism there the circulating blood where their
chromosome damage by Stenchever may be differential sensitivity of function might be impaired.
and Jarvisfi 4 Schmid and Staiger, "_ the two cell types; (3) the bone The small lymphocyte is an ira-
Cohen et al,"" and Staiger. '_:_Fried- marrow had time to recover if chro- munologically competent cell capa-
rich and Nielsen 59reported negative mosome damage ever was present ; ble of responding to antigenic chal-
in vitro data with lithium carbon- and (4) we must remember that the lenge. These mature cells with a
ate although chromosome damage lymphocytes were induced to repli- long circulating lifespan are not or-
was seen in blood cultures obtained care in vitro for a 72-hour period; dinarily in division in circulating
from patients treated therapeutical- whereas the bone marrow was nei- blood and residual chromosome
ly. ther antigenically challenged into damage is elicited only by antigenic

Our data extend previous work in mitosis nor submitted to an in vitro induction of cell division.
this area. The combined use of pc- physiologic state. These studies have demonstrated
ripheral blood and bone marrow With regard to stem cell changes, the incidence of chromosome aber-
preparations in these studies pro- it would be extremely unlikely that rations without recognizable biolog-
vide insight in understanding ef- a number of, or even a few, stem ic sequellae. Chromosome breakage,
fects of illicit-drug-abuse. For the cells would have exactly the same including the most bizarre arrange-
first time in man, cells of the lym- changes which would give rise to ments associated with psychotropic
phopoietic and hemopoietic systems identical abnormalities of chromo- drugs, is no accurate indicator of a
have been simultaneously compared, somes in all daughter cells. A more neoplastic potential. There is a risk

Our data demonstrate that a pop- likely occurrence would have the in drawing any conclusions about
ulation of individuals who had used stem cells with chromosomal injury chromosomal abnormalities in an)"
excessive quantities of certain phar- continue to produce a specific re- given clinical state, such as leuke-
macologic agents showed signif- sponse to that inju_T, mia, unless the aberration is in the
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