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Abstract-Acrt~lcholinesterase (AChE) and hut~rylcholinesterase (BuChE) activities were examined 
in several tissues of normal and hypophvsectomized male and female rats. Significant sex differences 
in the mean AChE activities of normal rats were observed in the superior cervical ganglion (three times 
more activity in males) and in serum (5ciCk mow activity in fcmaies). Sex differences in the BuChE 
activitr of serum and liver were even larger (ten times more activity in females), but the activity of 
other tissues was similar in both sexes. Hypophysectomy had little effect on the mean activity of AChE 
but did alter BuChE activity in certain tissues. Most of the effects of hypophysectomy on mean BuChE 
activity were opposite in dtrection in the two sexes. For example. in males hypophyscctomy caused 
increases in the BuChE activ*ttv of serum (3OW) and liver (435%). while in females it caused decreases 
in both tissues (75 and 30 g respectively). In rats of a given group. the AChE activity of each tissue 
appeared to be regulated independently of the activ-ity in other tissues. B? contrast, BuChE activity 
showed statistically significant correlations in more than half of thz tissue-pans examined in control rats 
of either sex. These correlations can be coasidercd to reflect a tendency toward body-wide regulation. 
In female rats, the cross-tissue correlations were largely eliminated by hypophysectomy. This finding 
indicates that the regulation of BuChE may be strongly affected by hormones under the control of the 
pituitary gland. However. in male rats, only the correlations involving atria were altered by hypophy- 
scctomy. Therefore. the effects of hormones on BuChE are probably both sex and tissue dependent. 

Acet~~cholinesterase (AChE, EC 3.1.1.7) and butyr- 
ylcholinesterase (BuChE. EC 3.1.1.8) are widely 
distributed enzymes \vhose roles outside the chol- 
inergic synapse are not yet completely defined [I]. 
Recent work shows that both AChE and BuChE are 
capable of degrading substance P 12.31. Further- 
more. BuChE is known to be involved in the metab- 
olism of many drugs that act on nerve and muscle 
cells. including muscle relaxants (e.g. succinylchoiine 
[A]). local anesthetics (e.g. procaine [5]), and nar- 
cotic analgesics (e.g. diacetylmorphine [6]). For 
these reasons, it is of pharmacological interest to 
elucidate the factors responsible for reguiating the 
cholinesterases. 

In an approach to this problem. we previously 
examined the individual variation of cholinesterase 
activities in different tissues of male rats of various 
strains [7]. As expected. genetic factors were found 
to be important determinants of cholinesterase 
activity. However. in outbred rats of the Sprague- 
Dawley strain. we noted a striking divergence 
between the pattern of variation of AChE activity 
and that of BuChE. On the one hand. the relative 
AChE activity of each tissue was independent of that 
in other tissues of the same rat: on the other hand. 
the relative BuChE activity of most tissues varied 
in parallel from rat to rat. 

One factor that could cause parallel variation of 
enzyme activity in different tissues would be an 
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endocrine hormone. Both AChE and BuChE are 
known to respond to endocrine influences. For 
example. castration lowers the BuChE activity of 
serum in female rats while raising it in males [S]. The 
cholinesterases have also been found to be affected 
by adrenalectomy [9] and thyroidectomy [lo]. 

Recent work suggests that the effects of sex ster- 
oids on serum cholinesterases of the rat are mediated 
through the hypothalmic-hypophyseal axis [ 1 l]. To 
test the possthility that this neuro-endocrine system 
is responsible for the tendency towards bodv-wide 
regulation of BuChE activity, we have investigated 
the effects of hypophysectomy on the cholinesterases 
in several tissues of male and female rats. 

MATERIALS AND METHODS 

Animals. Male and female Sprague-Dawley rats 
(4 months old) were obtained from Hormone Assay 
Laboratories, Chicago, IL. Hypophysectomy was 
performed 3 weeks before shipment; rats were held 
for 1 month after arrival to allow for recovery from 
the stress of surgery and transport. Sham-operated 
and unoperated animals were used as controls. Since 
no differences between the cholinesterase activities 
of these groups were observed. data from the appro- 
priate sex were pooled. 

The rats had free access to Purina rat chow and 
water. The diet was supplemented daily with fresh 
oranges, which significantly improved the survival 
rate after hypophysectomy. Animals were housed 
from birth in wire mesh cages. Soap, organic deter- 
gents, and insecticides were never introduced into 
the animal quarters, and there were no identifiable 
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chemical influences in the environment that would 
ha\c been expected to affect the cholinesterases. 

Tis.s~cs. Rats were anesthetized with ether. A l- 
ml sample of blood was then removed by cardiac 
puncture, allowed to clot for 1 hr at 4”. and centri- 
fuged at 1500 g for 10 min at 4’. The isolated serum 
M;IS diluted I : 10 with ice-cold antiprotease buffer 
of the following composition: 50 mM sodium phos- 
phate. pH 7.4; 3% (w/v) sucrose: 1% (\,‘v) Triton 
X-1UO; 1 m&l bacitracin: 2 mM benzamidine 
hydrochloride: 20 puglml pepstatin: and 5 mM :V- 
ethylmaleimide. Diluted serum samples were stored 
at 4” and assayed for cholinesterase acti\,ity within 
21 hr. 

Immediately after the blood sample was taken, a 
catheter was introduced into the left ventricle. and 
the rats were exsanguinated by perfusion with 
150~200 ml of 0.9% NaCl (room temperature). 
Organs were then removed. including the left 
hemidiaphragm, the two atria (sampled in only a 
few females). the two superior cervical ganglia. the 
brain. and the liver (not assayed for AChE in all of 
the males). These organs were cleaned of connective 
tissue. washed in cold antiprotease buffer, blotted 
and weighed on a Mettler HL32 electronic balance 
(Mettler Instrument Corp.. Hightstown, NJ) or a 
Cahn Gram Electrobalance (Cahn Instrument Co. 1 
Paramount, CA). For further work. pieces of about 
200 mg were cut from the larger organs (e.g. from 
the left front lobe of the brain and from the median 
lobe of the li\,er). In some cases. the water content 
of the tissues was determined. For this purpose, the 
samples were weighed fresh and then dried at 80” 
in a convection oven for 4 days or until a constant 
weight \vas reached. Dry weight was then calculated 
as a percentage of the wet weight, and the difference 
from 1OOV was taken to represent tissue hater 
(recognizing that it might include a small proportion 
of other volatile components). 

Tissue samples to be used for the enzyme assa! 
were frozen in antiprotease buffer immediately after 
removal. The!, were stored at -20” until assay. usu- 
ally within I week. On the day of the assay. the 
tissues were thawed and homogenized. The paired 
superior cervical ganglia were homogenized in all- 
glass homogenizers containing 1.5 ml of cold anti- 
protcase buffer. Other tissues were homogenized in 
IO \ol. of fresh buffer in a Polytron homogenizer 
(Brinkmann Instruments. Westbury. NY) at setting 
No. 5 for 30 sec. Homogenates were centrifuged at 
I6,OOOg for 10 min at 4”. On the basis of previous 
work [7] it was anticipated that about 8Oc’r of the 
total cholinesterase activity in each tissue would be 
recovered in the supernatant fractions. 

Assccys. AChE was assayed by a modification of 
the method of Potter [12] using [lJC]acetate-labeled 
acetylcholine as a substrate (1 mM) as previously 
described [13]. Duplicate 5O-pl samples were assayed 
at 37> in the presence of lO_‘M ethopropazine 
hydrochloride (Warner Lambert Pharmaceuticals. 
Morris Plains. NJ) to inhibit BuChE by over 99%. 
Blank samples also contained the specific AChE 
inhibitor BW283CSl [ 1.5bis(4-allydimethylam- 
moniumphenyl)pentan-3-onedibromide. Burroughs 
Wellcome Co.. Research Triangle Park. NC] in 
;I concentration of 10 -’ M. Activity was calculated 

in units of ,umoles substrate hydrolyzed per hr. 
BuChE was measured in duplicate samples 1~) an 

essentially similar radiometric method using 
[“CJbutyrate-labeled butyrylcholine as a substrate 
(0.5 mM) as previously described [7]. Reaction mix- 
tureh contained BW283C51 ( 10 ~’ M) to inacti\,ate 
AChE. Ethopropazine (IV' VI) was added to the 
blank samples. Activity was calculated in units of 
llmoles substrate hydrolyzed per hr. 

Statisticd NIIN~JTIS. The data were analyzed 1,~ 
standard statistical methods. using a Hewlett-Pack- 
ard model 85 computer. Since the cholinestera\e 
activities of most tissues do not seem to be normall) 
distributed 171. non-parametric statistics \\ere 
employed. Differences between sample means were 
tested for statistical significance by the rank-\um 
technique of Wilcoson as described by Snedecol- and 

Cochran [14]. Spearman’s rank correlation corffi- 
cient. r,. was calculated as an index of the mutual 
relationship between two variables. 

The experimental design required multiple com- 
parisons of mean values and multiple calculations of 
correlation coefficients, which raised the possibility 
of obtaining apparently significant results by chance 
alone (i.e. type I error). To reduce the overall like- 
lihood of this sort of error to less than 5’i. indiwdual 
P values were accepted as statisticall) significant onl! 
when smaller than 0.05/N. where N is the number 
of measurements in a given “family”. For this ~LII-- 

pose. a family was defined as ( 1 ) comparisons of the 
mean activity of AChE and BuChE in corresponding 
tissues of any two groups of rats or (2) correlations 
of the activity of either enzyme within all tissue pairs 
of a given group of rat\. 

RESCLTS 

Weights and wter cotztmt. We anticipated that 
the total body weight and the wet weight of certain 
tissues would differ among the experimental groups. 
Such differences raise questions about the proper 
means of normalizing enzyme activities for inter- 
group comparisons. In previous work [7]. we 
observed that individual variation of cholinesterase 
activity was not reduced by expressing the data in 
terms of protein content. Therefore, we expressed 
data in units of enzyme activity: per g wet weight ot 
tissue, except for ganglia (units/ganglion) and serum 
(units/ml). An experiment was performed to deter- 
mine if variations in water content between group\ 
would be large enough to affect the normalized 
activities. As Table 1 shows, there was a ‘-fold range 
of mean total body, weight from group to group. 
Some organs (e.g. Ilver) showed c\en larger group 
differences in mean wet weight. while others (e.g. 
brain) showed differences of less than 103, Each 
tissue showed a characteristic water content. ranging 
from a high of 92.6% in serum to a low of 737 in 
liver. However. there were no statistically significant 
differences in the water content of corresponding 
tissues from different groups (Table I). From these 
results we concluded that cholinesterase activity per 
g wet weight provided a realistic index of the con- 
centration of enzyme in each sample. 

!2learl er~zynle cmir~itks. AChE and BuChE active- 
ties. expressed per g wet iveight of sample. showed 
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Table 1. Weights and water content of total carcass and selected tissues of unoperated (control) and hypoph~aectomlrcd 
(hypox) male and female Sprague-Dawley rata” 

Total Brain+ 
Superior 

cervical ganglion* Diaphragm? Atria? Liver+ Serums 

Weights 
Male control 457 t 19 2.1 2 0.03 0.54 2 0.0s 0.36 i 0.01 0.13 t 0.008 17.0 5 0.7 

Male hypox 327 f 9.4 2.1 k 0.03 0.38 f 0.02 0.32 2 0.01 0.09 -t 0.009 9.5 -t 0.6 

Female control 290 + 9.3 1.9 t 0.02 0.40 + 0.02 0.26 !I 0.01 0.11 t 0.003 10.5 + 0.6 

Female hypox 233 t 9.2 I .8 2 0.03 0.35 2 0.02 0.23 t 0.01 0.10 t 0.007 7.1 2 0.3 

Male control 
Male hypox 
Female control 
Female hypox 

Water contentl 
81.9 t 0.7 80.5 2 0.3 83.3 t 0.4 73.0 i- 0.3 

80.9 t 0.7 81.8 -t 0.2 86.9 t 0.5 73.5 -t 0.3 
82.3 t 0.3 81.7 -e 0.9 84.9 ? 0.5 73.5 i- 0.6 

80.9 t 0.5 81.3 t 0.5 KS.8 + 0.4 74.3 t 0.8 

* Means -C S.E.M. of six observations are given. 
f Wet weight. in grams. 
f Dry weight, in milligrams (wet weights were unreliable because of rapid water loss after dissection). 
0 Grams per milliliter. 
7 Calculated from the ratio of dry weight to wet weight. 

I .oo +- 0.00 
I .Ol + 0.01 

0.99 -+ 0.01 
1.00 = 0.01 

92.6 i 0. I 
92.6 k 0. I 
92.4 -+ 0. I 
91.5 * 0.2 

considerable variation from tissue to tissue. There 
were also significant sex differences (Table 2). Thus, 

the total AChE activity was reduced significantly in 
comparison with that of the normal controls. This 

AChE activity was 50% higher in the sera of female effect may have been at least partly due to reduction 
rats. Conversely, the AChE activity in superior in tissue mass (see Table 1). Hypophysectomy had 
cervical ganglia of female rats was only one-third as greater effects on the concentration of BuChE (Table 
great as in the ganglia of males, even though the dry 2). The most striking of the effects were increases 
weights of these tissues were quite similar (Table 1). in the BuChE activity of male serum (300%) and 
Sex differences in BuChE activity. although confined liver (43%), which contrasted with decreuses in the 
to serum and liver, were dramatlc. On the average, BuChE activity of female serum (24%) and liver 
female sera and livers had about ten times higher (30%). The net result of all these changes was to 
concentrations of BuChE activity than did the cor- reduce but not eliminate the normal sex differences 
responding male tissues (Table 2). in cholinesterase activity. 

Because some cholinesterases (e.g. serum BuChE) 
are known to be sensitive to endocrine influences, 
hypophysectomized rats were studied as an extreme 
model of altered hormonal conrrol. The results (see 
Table 2) showed that hypophysectomy had little 
effect on the ACE of most tissues. An apparent 
exception was the superior cervical ganglion, where 

Correlation of enzyme activities. The data were 
anlayzed by non-parametric techniques to determine 
if there were any consistent patterns in the variation 
of cholinesterase activities from tissue to tissue and 
from rat to rat. With regard to AChE. the general 
finding was a lack of relation between the enzyme 
activities of any one tissue and that of any other: the 

Table 2. Effects of hypophysectomy on mean tissue cholinesterasc activities> 

Male control 
Male hypox 
Female control 
Female hypox 

Brain 

580 k 39 
590 2 28 
560 2 17 
560 k 26 

Superior 
cervical ganglion Diaphragm 

AChE activities 

3.8 k 0.4 26 2 1.3 
1.8 t 0.25; 23 + 1.0 
1.3 -t 0.06i: 26 i- 1.5 
0.9 -t 0.05$ 26 k 0.8 

Atria 

28 k 1.3 
26 t 1.8 

Liver 

1s + 1.2-i 
15 i- o.s+ 
16 t 0.5 
I6 * 0.8 

Serum 

10 i 0.6 
8.9 2 0.5 

IS + 0.7::: 
I-1 f 0.h 

BuChE activities 

Male control 8.0 2 0.7 0.69 t 0.06 2.5 i- 0.23 66 5 6.9 4.1 ? 0.4 3. I k 0.1 
Male hypox 8.9 ? (r.9 0.27 2 0.04$ 2.2 -c 0.22 56 i 4.6 5.8 ? 0.5 12.5 i- I .J:,: 
Female control 6.6 t 0.4 0.53 L 0.03 2.x 2 0.20 42 ? 3.2: 36 t ;.4:,. 
Female hypox 6.6 t- 0.2 0.32 ‘- 0.02s 1.9 i O.lO$ 29 I 1.7% ‘7.6 + 1.8 

* Enzyme activities (in general. means ? S.E.M. of eighteen to twenty-five ob\crvations) are given in unit\ 
(umoles/hr) per g of tissue wet weight (most tissues) per ganglion or per ml serum, 

+ Based on a subset of twelve observations. 
i Significantly different from control males (P < 0.0001). 
$ Significantly different from control females (P < 0.001). 
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Table 3. Correlation* of ,4ChE activity arnone tis\uc\ ot nxllc ral\., 

AChE activit! 

Superior 
cervical ganglion Diaphragnl ,\trl‘l scrtlnl 

(A) Controls 
Brain (I. IX I).37 0.27 I/ IO 
Superior cervical 

ganglion 0. I-I 11.00 0. l-1 
Diaphragm 0.00 0.2’1 
Atria il. 1: 

CB) Hypophyaectomized 
Brain -I). 12 0.01 0.3 0 22 
Superior cervical 

_panglion -0.30 0.~0 -li.;l 
Diaphragm 1l.2h 0,Ol 
Atria 0 16 

’ Spearman rank correlation coefficient. y,. 
-: Eighteen to twenty-four rats per youp 

correlation coefficients between tissues averaged 

0.20, and none reached statistical significance. This 
pattern of independent variation in the AChE 
activity of different tissues was noted in both males 
(Table 3) and females (Table 4) and was not affected 
by hypophysectomy. 

By contrast. BuChE activity tended to vary in 
parallel among the tissues of control rats: the 
cross-tissue correlation coefficients averaged 0.6, 
some were as high as 0.9. and the majority reached 
statistical significance (Tables 5A and 6A). Hypo- 
physectomy affected this pattern of variation, but 
the effects were different in the two sexes. In females. 
hypophysectomy more than halved the magnitude 
of the average cross-tissue correlation coefficient. 
leaving no statistically significant tendency for par- 
allel variation of BuChE activity (Table 6B). A scat- 
ter diagram of BuChE activity; in brain and dia- 
phragm illustrates this effect (Fg. 1). In male rats. 
the effects of hypophysectomy on the variation of 

BuChE activity Lvere more selective. The corrck- 
tions involving atria behaved like those in female\. 
Thus. in the five comparisons with control male atria. 
four of the cross-tissue correlations of BuChE 
activity were statistically Ggniticant (a\cr;!~c mag- 
nitude. 0.78). but none of them was signlhcant 111 
the hypophysectomized males (a\,erage rna~nitutfc. 
0.35). A scatter diagram of BuChE acti\,ity IIJ brain 
and atria illustrates this effect (Fig. 2). The other 
cross-tissue correlations of BuChE activity in malt‘ 
rats were not changed h!, hypophysectom!; (Table 
SB and Fig. 3). 

The present results are consistent with ;I Ial-gc 
body of information indicating that the regulatiorl 
of the cholinesteraaes is influenced h\ endocrine 
hormones. In fact. gonadal hormones :;ppear to bc 

Table 3. Correlation” of AC‘hE activity anion, 0 tis;sues ol temale rat\‘;- 

AChE acti\itl 

Superior 
cervical ganglion Diaphragm 

(A) Controls 
Brain 
Superior cervical 

ganglion 
Diaphragm 
Liver 

0.02 

(B) Hypophysectomized 
Rrain 
Superior cervical 

ganglion 
Diaphragm 
Liver 
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Table 5. Correlation* of BuChE activity among tissues of male rats+- 

BuChE activity 

Superior 
cervical ganglion Diaphragm Atria Serum Liver 

(A) Controls 
Brain 
Superior cervical 

ganglion 
Diaphragm 
Atria 
Serum 

0.60 

(B) Hypophysectomized 
Brain 0.58 
Superior cervical 

ganglion 
Diaphragm 
Atria 
Serum 

0.73: 0.90$ 0.58 

0.43 0.58 0.27 
0.74$ 0.63 

O.?Y$ 

0.78$ 0.20 0.66$ 

0.43 0.33 0.16 
0.43 0.702 

0.52 

0.70: 

0.17 
0.67”; 
0.29 
0.7’): 

x Spearman rank correlation coefficient. I, 
f Eighteen to taenty-four rats per group. 
$ Statistically significant (P < O.OOOS). 

major determinants of cholinesterase activity. This 
view is supported by the original findings of Everett 
and Sawyer [8] and Sawyer and Everett [15] dem- 
onstrating sex differences in serum cholinesterase 
activity (BuChE) that were abolished by castration. 
The studies of Leeuwin and co-workers [ 16-181 pro- 
vided further evidence that gonadal hormones affect 
the regulation of serum BuChE. 

Recently the mechanisms of the endocrine regu- 
lation of serum BuChE in the rat have been analyzed 
more carefully. From the work of Illsev and Lamar- 
tinierre [ll] it appears that the pituitarv gland is 
involved. since hypophysectomy has major effects 
on the activity of serum BuChE. However, these 
effects are not reversed by the implantation of an 
ectopic pituitary. even when appropriate gonadal 

steroids are supplied in addition [I 11. Therefore, a 
role for the hypothalamus in the endocrine control 
of serum BuChE must also be postulated. 

Our observations show that sex differences, which 
are presumably hormonally mediated, involve AChE 
and BuChE, as do the effects of hypophysectomy. 
Furthermore, these endocrine influences are not con- 
fined to the serum enzymes. The biochemical bases 
for such effects remain to be defined, although they 
are unlikely to represent direct actions of steroids 
on the cholinesterase molecules [II]. More probably. 
hormonal mechanisms serve to alter the relative 
balance between synthesis and degradation of the 
cholinesterases. In any case, the present findings 
provide a basis for evaluating the possibility that the 
different patterns of individual variation of AChE 

Table 6. Correlation* of BuChE activity among tissues of female rats+- 

BuChE activity 

Superior 
cervical ganglion 

(A) Controls 
Brain 0.51 
Superior cervical 

ganglion 
Diaphragm 
Liver 

(B) Hqpophv5ectomizcd 
Brain 0.35 
Superior cervical 

ganglion 
Diaphragm 
Liver 

Diaphragm 

0.67$ 

0.71: 

0.10 

0.19 

Liver 

0.68$ 

0.64$ 
0.56 

0.24 

-0.02 
0.39 

Serum 

0.63$ 

0.40 
0.27 
0.72: 

0.30 

-0.29 
0. 16 
0.53 

* Spearman rank correlation coefficient. r,. 
f Twenty-two to twenty-five rats per group. 
$ Statistically significant (P < 0.003). 
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Brain BuChE (mm/g) 

Fig. 1. Scatter diagram comparing the BuChE activities in 
brain and diaphragm of female SpragueeDa\l4ey rats. (A) 
Normal females. (B) Hypophvsectomized females. Each 
point represents data from a &gle animal. Enzyme units 
are pmoles of BuChE hydrolyzed per hr of incubation. The 
regression lines were fitted by the method of least squares. 
Note that when the correlation coefficient is high (A) the 
regression of y on x has essentially the same slope as that 
of s on y, but when the correlation coefficient is low (B) 

these slopes diverge considerably. 

and BuChE activities in normal rats reflect different 
degrees of endocrine control. The result that bears 
most directly on this possibility is the effect of 
hypophysectomy on the relationship among the 
enzyme activities of different tissues. 

In normal animals of both sexes. none of the 

E . 
. 

. 

4 . * . 
. . 

. . 

Cl 
0 4 8 12 lb 

Bram BuChE (units/g) 

Fig. 2. Scatter diagram comparing the BuChE acti\,itles in 
brain and atria of m.lle Sprague-Dawley rats. (A) Normal 

males. (B) Hypophysectomizzd males. 

“I A 
__ 
\” I 

tissue-pairs yielded correlation\ of /ZC‘hE activit\ 
that were statistically significant. \vhereas o\ er hait 
of the “cross-tissue” correlations of BuC‘hE activit\ 

were highly significant. This result i\ qualitati\~el~ 
similar to one we obtained earlier 111 ;I htudv of the 
cholinesterases of male Sprague+Da\\ie! ITI& 171. It 
mav bc concluded that. in the Spr;~gue~Dawle~ 
strain. there is ;I general tendency for the BuC‘ht 
activity of different tissue\ to \‘ar\ in p;~rallcl. hut 
the tendency for parallel Lariation-ot AC’hE acti\ it! 
is far weaker. Wide individual and cl en da!,-to-da\ 
variations in the le\,els of circulating gonadal her- 
manes are known to occur in rats [IO]. Therefotc. 
to the extent that these hormones affect the regal- 
lation of BuChE and are undrt- the ccmtrol of the 
pituitary gland. one \votItd expect ll~po~~tl~s”to”l\ 

to disrupt the tendenc; for hod! -U i&. pan-allel L XI-- 
ations of BuChE actlvlt>. This e\;pectation was C‘OIP 
firmed in the present experiment\ with regard to IIIC 
BuChE activities of female rat\, I lo\\ e\ C’I-. bccau\c 
hypophysectom\- of malt rat\ aftectetl onI\ tho\c 
cross-tissue correlations that in\,ol\,ctl atria. ow IIIU\I 

use caution in gcncralizing alx>ut tlic roli‘ (It lhc 
pituitary-endocrine svstem in .‘~!nchrc,nlring” the 
choline$terase activities of different tissue\. hlcan- 
while. it is \\orth noting that tissue- and \cu-\pccilic 
effects of endocrine hormone\ c,11 the regularlon c)t 
enzymes are hy no mean\ unprecedented it’c)~ ;I 
recent example. \ee the report ot’ ~Voorl~orl (‘/ (11. 
[X] concerning the effect3 01 te\to\tcronc on 111~ 
levels of thiopurine rnethyltran~fera~c ). 

Further experiments arc requirctl to define the 
nature of the tissue-specific mechanism\ that appc’~~ 

to dominate the regulation of A(‘hI: in I-ats. t;luc~~- 
dating the hormonal mechamarns th:lt atfect the regli- 
lation of BuChE is another challenge tar the future. 
At present it is safe to conclude that the t\\o tamilic\ 
of cholinesterase\ arc regulated in different \\;I\ \ 
and pr<>bahlv 5crvc‘ distinct ph\~iologic;il roIc’\ 
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