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et al. [4]. who showed that in HTC cell culture maximum 
DNA synthesis occurred 17 hr after mitosis and that the 
full cycle required 24-25 hr for completion. These data 
suggest that growth had been arrested at the G, rather than 
the S or G, phase of the cycle. Other data support this 
conclusion. Cytophotometric measurement of the DNA 
content of individual cells in cultures of human ftbroblasts 
showed that in the presence of 0.4 mM indomethacin more 
than 90 per cent of the ceils are in the G, phase of the cycle 
compared to 38-40 per cent for control cultures in exponen- 
tial growth fB. M. Baver, H, Kruth. M. Vaughan and M. A. 
Beaien, unpublished- data). Other workers using similar 
techniques have reported that, in the presence of 750 [tM 
indomethacin, 96 per cent of HeLa cells acquire a DNA 
content that corresponds to the G, phase of the cycle [5]. 

The above data also suggest that, even after complete 
arrest of growth, viability of the cells is not impaired. More 
direct evidence for this has been obtained in autoradio- 
graphic studies of HTC cultures grown in the presence of 
labeled thymidine for varying periods of time. These studies 
indicated that more than 98 per cent of the cells had incor- 
porated thymidine into nuclei 22 hr after removal of the 
indomethacin (B. M. Bayer, H. Kruth, M. Vaughan and 
M. A. Beaven, unpublished data). 

The mechanism by which the anti-inflamm~~tory drugs 
inhibit cell growth is unknown. The drugs do not appear 
to have a direct inhibitory action on protein or nucleic acid 
synthesis [2] or amino acid transport (unpublished data). 
Although there is a parallelism in the ability of the drugs to 
inhibit culture growth and prostaglandin synthesis [?], the 
antiproliferative action of the drugs is not reversed by the 
addition of prostaglandins of the A, B, E and F series [3]. 

Other workers have noted that replication of HeLa cells 
[S], rat fibroblasts [6] and rat lymphocytes [7], like that 
of HTC cells and human fibroblasts I21. is inhibited bv the 

L >, 

non-steroid anti-inflammatory drugs. The ability of sali- 
cylates [S-lo] and other anti-infIammatory drugs [I 1, 123 
to inhibit lymphocyte blast transformation induced. by 
phytohaemagglutinin [S---lo], antigen [S], or allogenic 

lymphocytes [lo] may be a related phenomenon. This action 
is also reversible [9], and the drugs appear to affect the early 
stages of transformtion. In addition to their ability to 
inhibit prostaglandin synthesis [13], the ability of anti- 
in~ammato~ drugs to inhibit proliferation and lymphocyte 
transformation could contribute to their therapeutic action. 
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Failure of propranolol to alter thyroid radioiodine uptake and sernm 
concentrations of thyroxine and t~i~othyronine in rats 

(Received 8 April 1978; accepted 30 May 1978) 

The beta-adrenergic blocking agent, propranolol, has been 
used for several years in the treatment of hyperthyroidism, 
e.g. with antithyroid drugs, before is11 therapy has taken 
effect, in thyroid storm and in the preoperative preparation 
for thyroydectomy (reviewed in Ref. I). It has been used as 
the only drug before thyroidectomy [2] and even as the sole 
therapy [3]. Until recently, propranolol was thought to 
control peripheral manifestations of the disease without 
influencing thyroid function. Thus, it had no effect on 
thyroid radio&dine uptake [3-51, PBI {3,6], PB[““I] [5] 
or thvroid iodine release and oerinheral thvroxine fT.) 
turnoier [7]. However, a number ofrecent reports [8-13 
indicate that in hyperthyroid, euthyroid and hypothyroid 
T& maintained subjects propranolol treatment lowered 
serum triiodothyronine (T,) con~ntrations. In some re- 
ports, serum T, was elevated [9, 11=13], while in others it 
was unchanged [S, lo] after propranolol administration. 

In three offour hyperthyroid patients treated with propranol- 
01 serum, PB[ “‘I] was elevated on day 8 after lz51 admini- 
stration [4]. 

Three studies have been performed in rats [141&j. In 
one study, propranolol induced striking increases in serum 
T, in both intact and hypophysectomized rats 1141, while 
in the other two studies [ 15, 161 it had no effect. Propranolol 
did not influence the peripheral metabolism of T, and essen- 
tially did not affect thyroid ‘3iI uptake or the intrathyroid 
distribution of ia’1 in iodoprotein [ 151. Serum T, was not 
measured in any of these studies. The present report de- 
scribes the failure of large doses of propranolol to influence 
serum T, and T, and thyroid ‘2’1 uptake in rats. 

Male Sprague-Dawley rats (Canadian Breeding Farms, 
St. Constant, Quebec), initially weighing 120_13Og, were 
divided into five groups, as indicated in Table 1. Group 1 
was fed powdered Purina laboratory chow alone. Groups 
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Table 1. Effect of propranolol on body weight, thyroid 13rI uptake and serum T, and T, concentrations in normal and 

methimazole-treated T,-injected rats* 

Additions to T4 Body wt Thyroid ’ 3 ’ I uptake Serum T, Serum T, 
Group diet injection (g) ( “/, dose at 12 hr) (fig/t00 ml) (ng/fOO ml) 

1 - _ 185.6 i 2.9 (K) 6.07 t_ 0.33 (8) 4.25 I 0.36 (8) 42.7 ri_ 3.8 (8) 
2 Propranolol _ 179.6 i_ 2.3 (7) 5.47 i_ 0.35 (7) 4.57 fr 0.21 (7) 39.0 & 3.8 (7) 
-3 Met~imazoie - 159.6 ‘i: 4.6+ (7) 0.60 i O.Ow (7) 0.21 * 0.071 (7) 0.9 & 0.x;_ (7) 
4 Methimazole + 161.6 i 3.4-i’(7) 0.05 i_ O.Ol->: (7) il.41 * 1.391$(7) 110.4 i_ 13.6-i-j (7) 
5 Methimazole + 156.9 * 4.3.; (7) 0.07 + _ 0.01.;_: (7) 13.63 2 I ,I 8: :: (7) 134.3 i- _ 9.x+: (7) 

+ propranolol 

* Data are expressed as the mean &S. E.: the numbers in parentheses = number of rats. Diet: propranololO.O2?,;: meth- 
imazole 0.07 yw T, injection: 4 ~g/iOO g daily S.C. 

.? P < 0.001 vs group 1. 
$ P < 0.001 vs group 3. 

3, 4 and 5 were fed the chow to which methimazole (Koch- 
Light Laboratories, Colnbrook, England) was added to a 
concentration of 0.07% (w/w) by thorough mixing in a 
mechanical blender. Ten 40-my tablets of propranolol 
(Ayerst Laboratories, Montreal, Quebec) were pulverized 
with a mortar and pestle. and then blended with 2 kg of 
chow alone (group 2) or chow plus methimazole (group 4) 
to yield a concentration of 0.02 ‘2, (w/w). Food intake was not 
measured, but rats of this size consume at least 10 per cent of 
their body weight dtily [ 171. This would amount to a daily 
intake of 20mg/kg of propranoiol in group 2. Since rats in 
group 5 weighed less. one may assume that their daily intake 
of propranolol was at least IO mg/kg. 

Groups 4 and 5 (methimazole without and with pro- 
pranolol) were injected daily with T,. T, (Sigma Chemical 
Co.. St. Louis. MO), 1 mg/ml. was prepared as described 
previously [I ti]: 0.4 ml was added to 19.6 ml of 0. I y. human 
serum albumin in 0.9% NaCl to give a concentration of 
20 ng/ml. Four pg (0.2 ml) per 100 g body weight was in- 
jected S.C. daily at 20.00 hr. Eight days and 12 hr after the 
last dose of T, (i.e. at 8.00 hr). the experiment ended, Simul- 
taneously with the last dose of T,. all rats received 0.01 pCi 
’ “1 in 0.2 ml 0.9 “/, NaC1t.p. The rats were anesthetlted with 
ether and blood was drawn from the abdominal aorta. The 
thyroid glands, attached to a segment of trachea, were re- 
moved. Their radioactivity and that of the dose of 13’1 
administered were determiI]ed in a well crystal scintillation 
counter and the 12-hr thyroid ‘.“I uptake (per cent of dose) 
was calculated, Serum T, concentrations were measured by 
competitive protein-binding analysis [ 181 and T, by radio- 
immunoassay according to a slight modification of the 
method of Alexander and Jennings [ 193. T, aI~tiserum was 
purchased from Diagnostics Biochem Canada (London, 
Ontario); cross reactivity with T, was 0.03 per cent in our 
hands. The stati\ttcal probability of differences between 
means wah assessed by Student’s I test. 

The data are summ,tri/ed in Table I. Propr~~lloloi did not 
influence body weight in rats receiving Purina chow alone or 
methimazole enriched chow and T,. Methimazole caused a 
significant reductron in weight, which u;ts unaltered by T, 
or Te and propranolol administration. Propranolol did 
not alter thyroid ‘“‘I uptake. In methim~~zole-fed rats. 13’1 
uptake was reduced greatly and T, injection lowered it even 
further, but in the latter propranolol treatment had no effect. 
Serum T, and T, concentrations were similarly unaffected 
by propranolol. In methimazole-fed rats, hormone con- 
centrations approached Lero; injection of T,. 4 ng/lOO 
g/day, a dose about three times the daily production rate 
of T,[20], raised T, and T, concentrations to three times 
the values in untreated controls, but again propranolol did 
not influence their levels. 

The present study did not demonstrate an effect of pro- 
pranolol on thyroid function. assessed by thyroid “‘I 
uptake and serum T, and T, assays in normal and chemi- 
cally thyroidectomized rats, For the latter purpose we chose 

methimazole, which has no effect on the peripheral degrada- 
tion of T, [Z&23] or its deiodination to T, [X]. as opposed 
to propylthiouracil which inhibits T, degradation [21. 23, 
241 and blocks its deiodination to T, [23. 241. By excluding 
any thyroid contribution to strum T, and T,. within the 
hmits of our experimental destgn. we were unable to show 
any affect of propranolol on peripheral thyroid hormone 
metabolism. 

Our data agree with the rat studies of Aziri et nl. [ 151 and 
Goulding et rrl. [ 161, which showed no effects of propranolol 
or serum T, concentrations. in normal [i 5. 16] or hyper- 
thyroid [16] rats or upon the peripheral metabolism of T, 
or thyroid uptake and distribution of 13r1 in thyroid iodo- 
protein in normal rats [I 51. We measured serum T, as well. 
and again propranolol had no effect on its concentration. 
The reports cited above [15, 161, as well as our own data. 
are at variance with the data of Tal rt nl. [ 141. They showed 
striking elevations in serum T, after propranolol treatment 
in intact and hypophysectomized rats. The reasons for this 
discrepancy are not clear. In view of the short half-life of T, 
in the rat. it is possible that we missed small changes in ‘Tl 
to T, conversion, but this seems unhkely. In all previous rat 
studies [14-161, propranolol was administered i.p.. while we 
gave it in the diet. However, in rat\ given ‘“C-labeled pro- 
pranolo) orally or i.v.. the excretory pattern Of 14c (Urine 
and faeces) was similar, indicating that oral doses were well 
absorbed and that faecal I4 C was excreted via the bile (253. 

Similarly, we cannot reconcile our data with the numer- 
ous reports that propranolol lowers serum T, in euthyroid. 
thyrotoxic, or hypothyroid T&-treated individuals [X-l 21. 
Most of these subjects received 160mg propranolol daily. 
We estimate that the daily consumption in our rats ua~ 
IO-20mg/kg, which would be equivalent to 700~14OOmg 
daily in a 70 kg man. We realize. however. that this com- 
parison may not be valid owing to species differences tn drug 
metabolism [25]. The authors of the human studies [X-- 121 
suggest that propr~~no~ol may inhibit the peripheral con 
version of T, and T, and. indeed. in some reports 19. I I. 131 
serum T, was elevated significantly during propranolol 
therapy. There could be a species difference in propranolol 
action, but it seems to us that such a basic drug effect should 
be apparent in all mammalian species. Of note are the early 
reports. without T, assays. showing no effect of propran- 
0101 on thyroid function in man 13-71. 

In summary, propranolol did not influence thyroid “‘I 
uptake or serum concentrations of T, and T, in normal or 
methimazoie-tr~dted T&-injected rats. 
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Increased activity of alkaline phosphatase in leukemic cells from patients resistant to thiopurines 

(Receiwd 25 February 1978; acwptctl7 June 1978) 

Thiopurines have an important role in the treatment of 
leukemia and certain other neoplastic diseases. h-Mercapto- 
purine (h-MP), along with several other drugs. is used in the 
maintenance therapy of childhood acute lymphocytic 
leukemia (ALL) [I], and h-thioguanine (h-TG) is often 
combined with cytosine arabinoside in the therapy of acute 
myelogenous leukemia of adults [l]. Both of these com- 
pounds as well as other thiopurines must be metabolized to 
the 5-nucleotide form before they can be active as antitumor 
agents. The formation of the 5’-nucleotide is catalyzed by 
the enzyme hypoxanthine guanine phosphoribosyl trans- 
ferase (HGPRT) [2]. Although resistance to the thiopurines 
has been attributed usually to absence of or alteration of 
the HGPRT enzyme [3], there have been several reports 
where an increased degradation of the mononucleotide may 
account for the development of resistance to these drugs 
[4-h]. Wolpert et al. [7] provided evidence that. in a line 
of murine ascites cells (S-180) resistant to thiopurines. the 
increase in catabolism of these nucleotides was due to an 
elevated activity of a particulate bound alkaline phos- 
phatase. Further, Rosman et al. [S] found that in several 
leukemic patients an increase in alkaline phosphatase 
activity was responsible. at least in part, for insensitivity to 
h-thiopurines. Thus, this enzyme is an important one in the 
catabolism of thiopurine nucleotides and probably plays an 
important role in the development of resistance to the purine 
analogs that are used clinically. In this report, we have 
assayed the activity of alkaline phosphatase in several 
patients with acute leukemia, some of whom have become 
insensitive or resistant to thiopurines. The enzyme was 

assayed in the white blood cells from the same patients both 
before and after they became resistant to th~opurine therapy. 
Our purpose was to determine if changes in the alkaline 
phosphatase activity could contribute to the development 
of resistance to these drugs in humans. Leukemic blood was 
collected in plastic syringes containing heparin as the anti- 
coagulant. Patients at the Roger Williams General Hospital 
or Rhode Island Hospital with the diagnosis of acute 
leukemia were studied. Blood samples from the patients 
with acute myelocytic leukemia (AMLj or acute myelo- 
monocytic leukemia (AMML) were taken prior to drug 
treatment and all subsequently proved sensitive. Blood was 
also taken from some of these same patients after developing 
resistance to thiopurine therapy. White blood cells were 
prepared free of contaminating erythrocytes and platelets 
as described previously [9]. All cell counts were made in a 
Coulter model B counter. 

Preparation <f enz.yme extracts. After being washed. the 
purified cells were suspended in water and disrupted 
sonically for 75 set intermittently with a sonilier cell dis- 
ruptor (Heat systems) set at a 10 watt output while the cells 
were being kept ice cold. Tris-HCI (1 M. pH 7.6) was added 
to bring the final concentration in the extract to 0.05 M. 
The extracts were dialyzed overnight against 4 liters of the 
suspending buffer to remove endogenous nucleotides. They 
could be stored over a period of several months at -20” 
without significant loss of enzyme activity. 

Measurement ofalkaline phosphatase actiaity. The incuba- 
tion procedure was a modification of the method used by 
Wolpert et RI. [7]. The incubation mixture contained, unless 


