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The dietary and hormonal regulation of 
the first enzyme in the creatine biosynthetic 
pathway, arginine : glycine amidinotransferase 
(transamidinase) has been investigated ex- 
tensively (1-4). Little information has been 
published about the dietary and hormonal 
regulation of the second enzyme in the crea- 
tine biosynthetic pathway, S-adenosylmethio- 
nine : guanidinoacetate N-me thyl transferase 
(GA-methyltransferase) . The only data re- 
ported about GA-me thyl transferase activities 
were obtained with rats fed diets supplement- 
ed with either creatine or guanidinoacetic 
acid. Livers from rats fed a complete diet 
supplemented with guanidinoacetic acid had 
twice the GA-inethyltransferase activities 
found in h e r s  from rats fed the complete 
diet without added guaniddnoacetic acid (5, 
6 ) .  Livers from rats fed a complete diet sup- 
plemented with creatine had GA-methyltrans- 
ferase activities similar to those of livers from 
rats fed the complete diet without added crea- 
tine ( 6 ) .  The purpose of this investigation 
was to ascertain whether liver GA-methyl- 
transferase activities are under hormonal 
regulation. 

1Thcse atudies were supponted in part by US. 
Public HealtJh Service Research a n t  No. A-2731 
from the National Institute of Artlwitis and Metabolic 
D h a s .  "he senior author was supponted by a 
p r d w t o r d  fellowship from a training g tmt  in 
Bbchemistry No. GM 00157 from the Department 
'of Health, Education, and Welf'are, Nlational Institute 
of General M d m l  Sciences. 

2 Present address: Depkrtment of G b m ,  
R d I  Shge College, Troy, NY 12180. A major 
portion of the report is Ifrom a dissertation sub- 
&ted by the m i o r  author in partilal fulfilhen~t of 
the requirements for the degree of Dootor d 
Philosophy in @he Graduate GollIege of the University 
of Minnwota. 

Materialr and Methods. Weanling albino 
rats were purchased from Hormone Assay 
Laboratories, Inc., Chicago, IL  for Expts I 
through IV, inclusive, and from Sprague- 
Dawley, Madison, WI, for Expt V. All rats 
were housed individually. 

The thyroid-parathyroidectolmized rats re- 
ceived injections ip of 5 pCi laI/g body 
weight a t  approximately 24 hr after ~ u r g e r y , ~  
a modification of the procedure used by 
Evans et al. ( 7 )  to assure complete removal 
of thyroid tissue. Durbin et al. (8) have re- 
ported that liver tissue from rats that re- 
ceived doses of I3lI greater than 10 pCi/g 
body weight had no damage that was appar- 
ent when examined histologically. 

All thyroid-parathyroidectomized and sham- 
thyroidectomized rats had access to 0.7% cal- 
cium lactate in 'tap water and iodine-deficient 
diet,4 ad libitum, for a period of 6 days af- 
ter surgery. During the balance of the ex- 
periment, all thyroxine-treated thyroidecto- 
mized rats had access to 0.3% calcium lac- 
tate in tap water ad libitum. Adrenalecto- 
inized rats had access to 0.15 M NaCl in tap 
water ad libiturn. At all other times and in all 
other experiments the rats had access to com- 
plete purified diet (9) and tap water ad Zibi- 
turn. 

Bovine growth hormone5 was dissolved in 

3Ca1rrier-dm N P I  in NaOH purohaed from 
Cambridge Nuclear Corp., Cambnidge, MA, was 
diluted with 0.15 M NaCl to lcontain 250 pCi in 
0.5 ml. S~ham.thyroidectwnized mi% received 0.5 ml 
of 0.15 M NaCI. 

4Wts, mixed in (the same proportions as recom- 
mended in USP XIV, with chlcoride suitwtitujted for 
iodide was used in preparation of the purified diet. 

5 Bovine growth hormone (NIH-GH-B14) was a 
gift from the Endocrinology Study Section, NIAMD, 
National Institutes of Health, Bethesda, MD. 
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slightly alkaline 0.15 M NaCl (500 pg/O.l 
ml) . Estradiol ( 10 pg/O.l ml) , testosterone 
(4 mg/0.2 ml), and cortisolc (2 mg/O.l ml) 
were dissolved or suspended in sesame oil. 
Insulin,' 80 units/cm3, was used as supplied. 
Solutions of sodiulm I-thyroxine8 in 0.15 M 
NaCl (16 pg/O.l ml) were used within 2-3 
hr after preparation. The large doses of thy- 
roxine were given every fourth day starting 
24 days prior to ,sacrifice and the large doses 
of all other hormones were given daily start- 
ing 4 days prior to sacrifice. For Expt IV 
only, the concentration of sodium I-thyroxine 
was 0.5 pg/O.l ml, and Ithe injections were 
given daily starting at  once after surgery. 
All injections were administered subcutane- 
ously in the dorsal neck region. 

The rats were killed by decapitation. The 
livers were immediately excised and chilled 
in beakers on ice. Ten percent liver homoge- 
nates were prepared with 0.06 M Na2HP04- 
KH2P04 buffer (pH 7.4), using a Waring 
blender, and the homogenates were assayed 
for GA-me thy1 trans f erase activities by a 
method previously reported (6). Enzyme ac- 
tivities were expressed as micromoles of crea- 
tine formed per gram wet weight liver per 2 
hr incubation at 3 7 O f  The kidney transamidi- 
nase activities were determined by a method 
previously reported ( 10). 

Results and Discussion. The liver GA- 
methyltransferase activities are listed in Ta- 
ble I. 

The mean GA-methyltransferase activity 
of livers from rats 22  days after the adrenals 
were removed was slightly lower (-l2%, p 

6 Testosterone (mp 153-154', specific rotation 
+l01.5" in 1% dioxane ak 23", sodium D line, E 

= 116,150 at 240 nlm) and l'l/?-estradioI, B. produat 
of Preparations Ilaboratories, Inc., Huntin\gton 
Station, Nu and lcartisoll, a product of Ikapharm, 
Ramat-Gm, P.O. Box 31, brad, were 'gifts from 
Dr. Frank U n w .  

7 Semilente Iktin, insulin zinc suspension prompt, 
USP, 80 unitdcm', was pumh'ased from Eli Lilly 
a'nd Co., Indknapolis, IN. 

8 Synthroid, sodium I-thyroxine combined with 
mannitol in the ratio of 1:20 (w/w), w a ~  purchased 
from Flint hboratmies, Morton Grove, IL, $or 
Ex@ IV. Sodium I-thyroxine, B gradie, was pur- 
chased from C'allbiochem., Los Angel-, CA, for 
Exipt. V. 

> 0.01) than the mean activity of livers 
from shm-operated rats. 

The mean GA-methyltransferase activity 
of llivers from intact female rats was lower 
(-19%, p > 0.01) than the mean activity 
of livers from intact male rats. The mean ac- 
tivity of livers from male rats 45 days after 
castration was slightly lower (-6%, p > 
0.1) than the mean activity of livers from 
intact male rats, and the mean activity of 
livers from female rats 45 days after castra- 
tion was slightly higher (+8%, p > 0.1) 
than the mean activity of livers from intact 
female rats. In  an additional experiment 
(data not shown), castrated rats in groups 
of five were given small doses of hormones 
(2 pg estradiol or 500 pg testosterone/100 g 
body wt) daily for 24 days. The activities of 
livers from rats receiving estradiol were slight- 
ly lower and the activities of livers from rats 
receiving testosterone were slightly higher 
than the activities of livers from rats that 
did not receive the hormone injections, but 
the differences were not statistically signifi- 
cant. 

The mean activity of livers from rats 11 
days after hypophysectomy was sligEtly low- 
er (-17%, p > 0.1) than the mean activity 
of livers from sham-operated rats. Further, 
the activities of livers from a group of five 
hypophysectomized rats that received 20 pg 
growth hormone/day for 1 wk in another ex- 
periment were found to be the same as ac- 
tivities of livers from hypophysectomized rats 
that received no hormone replacement (data 
not shown). 

The mean activity of livers from rats 43 
days after thyroid-parathyroidectomy was 
lower (-14%, p < 0.01) than the &mean ac- 
tivity of livers from sham-operated rats. Ac- 
tivi ties of livers from thyroid-parathyroid- 
ectomized rats that received 0.5 pg T4/100 g 
body wt daily from surgery to sacrifice were 
slightly higher ( + 5 % ,  p > 0.1) than ac- 
tivities of livers from untreated thyroid-para- 
thyroidectomized rats and were slightly low- 
er (-19%, p > 0.1) than activities of liv- 
ers from sham-operated animals. 

GA-methyltransferase activities of livers 
from rats that received large doses of vari- 
ous hormones (Expt, V) qre shown in Table 
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TABLE I. Guanidinoacetate N-Methyltransferase Activties in Livers from Rats After Re- 
moval of Certain Endocrine Glands, or After Administration of Certain Hormones. 

Treatment 

~~~~~~~~ 

Methyltransf erase 
activities 

Days post- No. of Body wt (pmoles creatine/ 
operative rat.s a t  sacrifice (g) g liver/2 hr) 

Expt I 
Sham-adrenalectomy" 
Adrenalectomy 

Male rats 
None 
Castration 

None 
Castration 

Expt I1 

Female rats 

Expt 111 
Sham-hypophysectomy 
H ypoph ysectom y 

Sham-thyroid-parathyroidectomy 
Thyroid-parathyroidetomy 
Thyroid-parathyroidectomy + T," 

Expt V 
None 
Insulin, 4 units/day 
Estradiol, 10 rg/lOO g/day 
Testosterone, 4 mg/day 
Cortisol, 2 mg/1001 g/day 
Thyroxine, 16 pg/lOO 

g/every 4th day 
Growth hormone, 500 pg/lOO g/day 

Expt IV 

22 
22 

- 
45 

- 
45 

11 
11 

43 
43 
43 

10 
9 

8 
9 

7 
8 

9 
7 

9 
18 
13 

10 
10 
10 

9 
10 
10 

10 

179 2 14b 
141 & 18 

325 2 18 
278 & 20 

190 * 9 
277 f 21 

9 9 k  7 
6 8 2  5 

295 & 15 
124 2 10 
260 & 24 

195 & 14 
194 2 16 
1 7 4 &  8 
193 2 14 
161 2 11 
198 & 11 

196 2 13 

1.6 2 0.2b 
1.4 2 0.1 

1.6 2 0.2 
1.5 2 0.1 

1.3 & 0.2 
1.4 & 0.2 

1.8 2 0.1 
1.5 2 0.2 

2.2 & 0.2 
1.9 2 0.2 
2.0 & 0.2 

2.2 & 0.1 
2.4 2 0.6 
1.9 2 0.5 
1.9 f 0.2 
1.9 f 0.5 
1.8 f 0.4 

1.8 I+ 0.3 

Male rats were used in all experiments except where female rats are specifically indicated. 

0.5 pg TJlOO g body wt was injected daily starting a t  once after thyroidectomy. 
bMean L- 1 SD. 

I. The mean aotivity of livers from rats that 
received large doses of insulin were slightly 
higher (+9%, p > 0.1) than the mean ac- 
tivity of livers from control animals, and the 
mean activity of livers from rats that re- 
ceived large doses of either estradiol or cor- 
tisol were slightly lower (- 14%, p > 0.05) 
than the mean activity of livers from control 
rats. The mean activities of livers from rats 
thct received injections of testosterone, thy- 
roxine, or growth hormone were 86, 82, and 
82%, respectively ( p  < 0.01 for all) of the 
mean activity of livers from untreated rats. 
The transamidinase activities of kidneys from 
the rats in Expt V were also determined. In- 

jections of either growth hormone, testoster- 
one, or insulin were without any effect on 
the kidney transamidinase activities. Kidneys 
from rats given injections of either estradiol, 
cortisol, or thyroxine had 69, 58, and 85%, 
respectively, of the activities found in kid- 
neys from intact rats that received no hor- 
mone injections. 

Growth hormone or thyroxine induces kid- 
ney transamidinase activities in hypophysec- 
tomized or thyroidectomized rats, respective- 
ly ( 2 ) .  Now, as a result of the present work, 
i t  is found that livers from rats known to have 
low kidney transamidinase activities (as a 
result of hormonal imbalance) had normal 
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GA-methyltransferase activities. 
Summary. S- Adenosylmethionine : guanidi- 

noacetate N-methyltransferase activities were 
determined in livers from rats after removal 
of either adrenals, pituitaries, gonads, or thy- 
roids and parathyroids and in livers from in- 
tact ralts given large doses of either insulin, 
estradiol, testosterone, cortisol, thyroxine, or 
growth hormone. The only differences that 
were statistically significant ( p  < 0.01 ) were 
between the activities of livers from intact 
rats and the slightly lower ( ~ 2 0 % )  activi- 
ties of livers from rats with their thyroid and 
parathyroid glands removed or from intact 
rats given large doses of either testosterone, 
thyroxine, or growth hormone. Further, liver 
GA-me t hyl t ransf erase activities were virtual- 
ly unaffected by replacement of either thy- 
roxine 'to thyroidectomized rats, growth hor- 
mone to hypophysectomized rats, or testos- 
terone or estradiol to castrated rats. There- 
fore, direct hormonal regulation of rat liver 
GA-methyl trans f erase is contraindica ted. 
Thus, the second enzyme involved in crea- 
tine synthesis (GA-methyltransfer,we) differs 
greatly from the first ,enzyme (arginine:gly- 
cine transamidinase) in that transamidinase 
activities have previously been reported to 

be altered markedly by removal of certain en- 
docrine glands or by injections of large doses 
of certain hormones into intact rats. 

The authors thank Neil Derechin for teuhnical 
assistance. 
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