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Objective. Corticotropin-releasing hormone deficient mice (CRH-KO) serve as an interesting
model to understand the role of CRH in the regulation of adrenomedullary system. The aim of this
study was to compare tyrosine hydroxylase (TH) and phenylethanolamine N-methyltransferase
(PNMT) on the levels of gene expression and protein in adrenal medulla of CRH-KO mice, their
CRH (+/+) mates and Sprague-Dawley (SD) rats.

Methods. Levels of TH and PNMT mRNA were determined by reverse transcription with sub-
sequent polymerase chain reaction (RT-PCR) and quantified relatively to the housekeeper glyceral-
dehyde-3-phosphate dehydrogenase. The amount of TH and PNMT protein was determined by
Western blot analysis and visualized by enhanced chemiluminiscence.

Results. We detected a clear signal of 645 bp for TH mRNA and of 260 bp for PNMT mRNA in
adrenal medulla of rats and CRH (+/+) mice, with higher concentration of TH and PNMT mRNA in
rat adrenal medulla. Subsequently, TH and PNMT immunoprotein was measured and we found
significantly higher amount of TH and also PNMT protein in the rat compared to CRH (+/+) mice.
On the other hand, the amount of TH and PNMT immunoprotein in adrenal medulla of CRH-KO
mice was significantly lower compared to CRH (+/+) mice.

Conclusions. Our results indicate the lower production of adrenomedullary TH and PNMT
protein in CRH (+/+) mice compared to rats, which reflects the lower gene expression of these
enzymes in adrenal medulla of mice. We also demonstrated the differences in TH and PNMT
protein levels between CRH (+/+) and CRH-KO (-/-) mice.
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The hypotalamo-pituitary-adrenal (HPA) axis and
the sympathetic nervous system are anatomically and
functionally interconnected and they are coordinately
activated in response to stressful stimuli. A major hy-
pothalamic activator of the HPA axis is corticotro-
pin-releasing hormone (VALE et al. 1983). This 41
amino-acid neuropeptide, produced in the paraven-
tricular nucleus and in many regions of the cerebral
cortex is thought to play a role in activation of cate-
cholamine secretion directly via interaction between

CRH neurons in the hypothalamus and catechola-
minergic neurons in the brainstem (MaJzous et al.
1996). Indirect modulation occurs via the secretion
of adrenocorticotropic hormone (ACTH) by the pi-
tuitary. The secretion of ACTH is the primary stimu-
lus for glucocorticoid release.

The gene expression of adrenomedullary tyrosine
hydroxylase (TH), the rate-limiting enzyme that ca-
talyses the first step of catecholamine biosynthesis,
is not under the transcriptional regulation of gluco-
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corticoids and thus also of the glucocorticoid-respon-
sive element, but under the control of cAMP respon-
sive element and AP1 domain (SaBBaN and KVET-
NANsKY 2001) and of cholinergic sympathetic input
from splanchnic nerves (Nacatsu et al. 1991; Kir-
BOURNE et al. 1992; HIREMAGALUR et al. 1993; VIETOR
et al. 1996; JaunG et al. 1997). On the contrary, phe-
nylethanolamine N-methyltransferase (PNMT), the
enzyme that catalyses the final step in the catechola-
mine biosynthetic pathway converting norepinephri-
ne to epinephrine, is influenced by glucocorticoids
(Viskuric et al. 1994; Krizanova et al. 2001; SABBAN
and KveTnansky 2001). The latter regulate PNMT
in two ways: posttranscriptionally via regulation of
PNMT methyl donor a co-substrate, S-adenosylme-
thionine, and via regulation of PNMT gene expres-
sion.

CRH knock-out mice can serve as a suitable model
for studying the mechanisms involved in the func-
tional relation between adrenocortical and adreno-
medullary systems. Due to a targeted disruption of
the CRH gene, CRH-KO mice exhibit marked CRH
and also glucocorticoid deficiency. In such mice, zona
fasciculata which is primarily responsible for corti-
costerone production, appears mostly atrophic, but
in contrast to such atrophic appearance the histolo-
gy of adrenal medulla appears normal (MuGLIa et al.
1995). Nevertheless, it was already demonstrated that
CRH deficiency in CRH-KO mice results in impaired
PNMT gene expression and also in lowering epineph-
rine synthesis and secretion in the adrenal medulla,
possibly due to impaired adrenocortical corticoste-
rone production (JEONG et al. 2000).

For better understanding of the physiological sig-
nificance and relative contribution of CRH and glu-
cocorticoids to the regulation of adrenomedullary
catecholaminergic system, in this work we focused
on comparison of the tyrosine hydroxylase (TH) and
phenylethanolamine N-methyltransferase (PNMT)
on the levels of gene expression and protein in adre-
nal medulla (AM) of CRH-KO (-/-) mice, their (+/+)
littermates and Sprague-Dawley (SD) rats.

Material and Methods
Animals. Male Sprague-Dawley rats (280-320g)

obtained from Suzfeld, Germany and male CRH (+/+)
and CRH knock-out mice (20-25g) bred in our facil-

ity were used in this comparative study. CRH knock-
out line was originally obtained from Harvard Med-
ical School, Department of Endocrinology, Boston,
USA. Animals were maintained under controlled
environmental conditions (22+1°C, 12 h light/dark
cycle, light on at 06:00 a.m.). Food and water were
available ad libitum. The Ethic Committee of the
Institute of Experimental Endocrinology approved
all experimental procedures with animals. Rats and
mice were sacrificed immediately after removal from
their home cages and adrenal medullas were isolated,
frozen in liquid nitrogen and stored at -70°C for the
further analysis.

Isolation of RNA and semiquantitative deter-
mination of mRNA levels by RT-PCR. Total RNA
was isolated from frozen adrenal medullas by
RNAzol™(Tel-Test, USA). Reverse transcription was
performed using Ready-To-Go You-Prime First-
Strand Beads (AP, Biotech) and pd(N), primer ac-
cording to manufacturer’s protocol. PCR for TH and
PNMT was carried out using the following primers:
THRI1 5'-GAA GGG CCT CTA TGC TAC CCA-3',
THR2 5'-TGG, GCG CTG GAT ACG AGA-3', PT1
5'-TAC CTC CGC AAC AAC TAC GC-3'and PT2
5'-AAG GCT CCT GGT TCC TCT CG-3', giving
645 bp (TH) and 260 bp (PNMT) fragment. After
the initial denaturation at 94°C for 5 min, PCR for
TH included 35 cycles of denaturation at 94°C for
1 min, annealing at 63°C for 30 sec and polymeriza-
tion at 72°C for 1 min. For PCR of the PNMT, the
annealing temperature was 60°C, other conditions
remained the same as are for TH cDNA. For semi-
quantitative evaluation of PCR, primers for the
housekeeper glyceraldehyde-3-phosphate dehydro-
genase (GAPDH; GPH1 5'-AGA TCC ACA ACG
GAT ACA TT-3'and GPH2 5'-TCC CTC AAG ATT
GTC AGC AA-3") were used to amplify 309 bp frag-
ment. PCR products were analyzed on 2% agarose
gels and visualized by ethidium bromide. Intensity
of individual bands was evaluated by analysis sys-
tem STS 62201 (Ultra-Lum, Inc.) and PCBAS 2.08¢
software.

Western blot analysis. Adrenal medullas were
homogenized in 0.05M potassium phosphate, pH
6.65/0.2%Triton X-100 and centrifuged at 10.000x g
for 20 min at 4°C. The protein concentration was
measured according to Bradford (BRADFORD 1976).
Afterwards, supernatant proteins were fractionated



CATECHOLAMINE SYNTHESIZING ENZYMES IN ADRENAL MEDULLA 109

by 10% SDS-PAGE gel electrophoresis and trans-
ferred to the supported nitrocellulose membranes
(Hybond™C Extra, AP Biotech) using semidry
electrophoretic blotting system (EBU-6000,
C.B.S.Scientific company Inc.). Non-specific bind-
ing sites were blocked by immersing the membranes
in 5% dry non-fat milk in Tris-buffered saline Tween
(TBST) for one hour at the room temperature on
a shaker. All subsequent washes and primary/second-
ary antibody incubations were also carried in TBST.
Levels of the tyrosine hydroxylase immunoreactive
protein were determined using a monoclonal prima-
ry antibody against mouse TH (clone 2/40/15, dilu-
tion 1:5000, Boehringer Mannheim Biochemica) and
levels of phenylethanolamine N-methyltransferase
immunoprotein were assigned by using a polyclonal
primary antibody against bovine PNMT (dilution
1:1000, Protos Biotech). This antiserum crossreacts
with PNMT in human, monkey, rodents and cats.
HRP labeled secondary antibodies (dilution 1:5000,
Amersham Life Sciences) were visualized by West-
ern light chemiluminiscent detection system (ECL,
AP Biotech). The optical density of individual bands
was detected by PCBAS 2.08e software.

Statistical evaluation. Data are presented as
mean+S.E.M. and each value represents an average
of 5 measurements. Statistical differences among
strains were determined by one-way analysis of vari-
ance (ANOVA). Values of P<0.05 were considered
to be significant.

Results

TH and PNMT gene expression and immuno-
protein levels in adrenal medulla of Sprague-Daw-
ley rats and CRH (+/4) mice. To compare adreno-
medullary TH and PNMT gene expression in rats
and mice the levels of TH and PNMT mRNA were
analyzed. After RT-PCR we detected a clear signal
of 645 bp for TH mRNA and of 260 bp for PNMT
mRNA in both, rats and mice (Figure 1). TH and
PNMT mRNA levels were quantified relatively to
the housekeeper GAPDH. Gene expression of both,
TH and PNMT was approximately 2.5-times lower
in CRH (+/4) mice compared to SD rats. Similar re-
sults were observed when we compared the protein
levels of TH and PNMT in AM of rats and CRH
(+/+) mice (Figure 2). In order to quantify the ratio

TH mRNA levels
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Fig 1 Identification of tyrosine hydroxylase (TH) and
phenylethanolamine N-methyltranferase (PNMT) mRNA in
adrenal medulla of Sprague-Dawley rat (SD) and CRH (+/+)
mouse. The clear signal for TH (645 bp fragment) and PNMT
(260 bp fragment) was observed.

of each enzyme tested in AM of rats and mice pre-
cisely, we loaded different concentrations of total pro-
teins (in the range 2.5 —5.0 mg) on the gel. In CRH
(+/+) mice AM, both TH and PNMT proteins were
approximately 1.4-times less abundant compared to
rat AM.

Comparison of TH and PNMT immunoprotein
levels in adrenal medulla of CRH-KO (-/-) and
CRH (+/+) mice. To compare the amount of TH and
PNMT immunoreactive protein in adrenal medulla
of CRH-KO and CRH (+/+) mice, we performed the
Western blot analysis with subsequent ECL detec-
tion. We compared TH and PNMT immunoprotein
levels in AM of CRH (+/+), CRH (+/-) and CRH (-/-)
mice in the range of 2.5-25.0 mg of total protein load-
ed. We revealed no significant difference in TH im-
munoprotein levels between CRH (+/+) homozygote
and CRH (+/-) heterozygote (Figure 3). Neverthe-
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Fig 2 Comparison of TH (left) and PNMT (right) protein levels in adrenal medulla of SD rats (filled circles) and CRH (+/+)
mice (empty circles). Levels of both, TH and PNMT proteins were significantly higher in the adrenal medulla of rats compared
to mice. Results are displayed as mean + S.E.M. and each value represents an average of 5 measurements.
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Fig 3 Comparison of the TH immunoprotein levels in adrenal medulla of CRH (+/+), CRH (+/-) and CRH (-/-) mice. Any
significant difference in TH immunoprotein levels was observed between CRH (+/+) and CRH (+/-) mice. In the contrary, the
amount of TH protein was significantly lower (p<0.05) in adrenal medulla of CRH (-/-) mice compared to their not knock-out
littermates. Values are displayed as mean + S.E.M. and each value represents an average of 5 measurements.
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Fig 4 Comparison of the PNMT immunoprotein levels in adrenal medulla of CRH (+/+), CRH (+/-) and CRH (-/-) mice. Any
significant difference in PNMT immunoprotein levels was observed between CRH (+/+) and CRH (+/-) mice. Nevertheless, the
amount of PNMT protein was significantly decreased (p<0.05) in adrenal medulla of CRH (-/-) mice compared to their not
knock-out littermates. Values are displayed as mean + S.E.M. and each value represents an average of 5 measurements.

less, the amount of TH immunoreactive protein in
adrenal medulla of CRH-KO mice was significantly
lower compared to CRH (+/+) homozygote and/or
heterozygote (Figure 3). PNMT immunoprotein lev-
els correspond nicely with our results on TH immu-
noprotein levels (Figure 4). There was no signifi-
cant difference between CRH (+/+) homozygote and
CRH (+/-) heterozygote, but the amount of PNMT
immunoreactive protein in adrenal medulla of CRH-
KO mice was significantly lower compared to CRH
homozygote/heterozygote (Figure 4).

Discussion

In this study we demonstrated significant differ-
ences in the adrenomedullary TH and PNMT mRNA
levels between Sprague-Dawley rats and CRH (+/+)
mice. We found that basal TH and also PNMT mRNA
levels in rats are significantly higher than these in
mice. Subsequently, the measurements of adreno-
medullary TH and PNMT immunoprotein levels re-
vealed the similar results. Although, to our know-

ledge there is no information about the differences
in catecholamine synthesizing enzymes gene expres-
sion and protein levels in adrenal medulla of rats and
mice, our results clearly show that CRH (+/+) mice
express lower amounts of both TH and PNMT as
compared to SD rats. Nevertheless, physiological rel-
evance of this observation remains to be elucidated.

In our study we also compared CRH-KO and CRH
(+/+) mice. We found the difference in adrenome-
dullary TH immunoprotein level between CRH-KO
and CRH (+/+) mice. The amount of basal TH pro-
tein was significantly lower in CRH-KO mice com-
pared to CRH (+/+) mice. JEonG et al. (2000) found
the similar basal and restraint-induced TH mRNA
levels in both genotypes, CRH-KO and CRH (+/+)
mice. Thus, the regulation of TH gene expression,
protein and activity remains to be elucidated.

CRH is thought to be important for the function
of the adrenomedullary catecholaminergic system,
both via actions within the brain as well as by acti-
vation of the HPA axis (JEonG et al. 2000). Deaffer-
entation of medial hypothalamus diminishes the im-
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mobilization-induced PNMT activity (KVETNANSKY
et al. 1995) and central CRH antagonist administra-
tion blocks the increase in plasma epinephrine in-
duced by central CRH injection in rats, suggesting
a specific role for CRH in adrenal epinephrine syn-
thesis (JEONG et al. 2000). In addition, CRH mRNA
(THomPsoN et al. 1987) and peptide (UDELSMAN et al.
1986; BrunN et al. 1987) were found in adrenal me-
dulla. This local synthesis of CRH can play a role in
regulation of catecholamines.

ACTH and glucocorticoids have been also sug-
gested to regulate both central and peripheral cate-
cholaminergic system (JEoNG et al. 2000). Hypophy-
sectomy prevented the immobilization-induced in-
crease in adrenal PNMT gene expression (VISKUPIC
etal. 1994; KVETNANSKY et al. 1995; KrizaNova et al.
2001). Partial restoration of adrenal PNMT mRNA
levels following ACTH treatment of hypophysecto-
mized rats has been also reported (KVETNANSKY et al.
1995). Jianc et al. (1989) also demonstrated that hy-
pophysectomy-induced depletion of corticosterone
causes blunted adrenal PNMT gene expression and
activity in rats. KvETNANSKY et al. (1995) described
significantly elevated PNMT mRNA levels and the
tendency of TH mRNA for an increase in repeatedly
treated rats with cortisol. It is well known that glu-
cocorticoids may act through GREs in the PNMT
gene promoter region to induce PNMT expression
and activity (JEoNG et al. 2000). Taken together, all
these observations suggest that CRH-ACTH-gluco-
corticoids cascade can influence the catecholami-
nergic system in adrenal medulla. Our results re-
vealed that the amount of basal TH and also PNMT
immunoprotein in CRH-KO mice is significantly
lower compared to CRH (+/+) mice, despite the nor-

mal size and histologic appearance of adrenal me-
dulla (MucLIA et al. 1995). CRH-KO mice exhibit
significantly lower plasma epinephrine, though high-
er plasma norepinephrine, when evaluated in the
basal conditions (MucLIia et al. 2000). JEoNG et al.
(2000) also described the lower basal and restraint-
induced adrenal PNMT mRNA and enzyme activity
levels in CRH-KO than those in CRH (+/4) mice.
Based on our results and in accordance with previ-
ous reports, we supposed that CRH deficiency in
CRH-KO mice leads to impaired PNMT gene ex-
pression, which can result in lower PNMT immuno-
protein level compared to CRH (+/+) mice in adre-
nal medulla, possibly due to impaired adrenocorti-
cal corticosterone production.

As expected, we revealed no significant differences
in adrenomedullary TH and PNMT immunoprotein
levels between CRH (+/+) homozygote and (+/—) het-
erozygote at the basal conditions. These animals do
not suffer from CRH deficiency and their adreno-
cortical and adrenomedullar functions appear to be
physiologically normal.

In summary, we have found difference in adreno-
medullary TH and PNMT immunoprotein levels be-
tween CRH-KO and CRH (+/+) mice. Physiological
relevance of these observations remains to be eluci-
dated.
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