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3.9.11 Animal Activity Study 

The animal home cage activity study was performed with professional equipment of 

the group of Prof. Lewin at the Max Delbrück Centre Berlin. Animals were housed 

singly over four days. The TSE ActiMot / MotTil system with home cage shaped 

frames detected the activity of the animals via infrared sensors. Data were saved on 

a hard disc and values in intervals of 20 min assembled by ACTIMOT software. The 

resulting table was finally analyzed using Microsoft Excel software. 
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Figure 4: Insertion site of the gen trap vector in the prcp gene. 

Primers (orange boxes, PRCP1 to PRCP7) were designed every 1000 bp between exon 4 and exon 5 of 
the mouse prcp gene (ensemble accession number ENSMUSG00000061119). The gene trap insertion 
site was identified by primer walking PCR between base T at position 41825 and C at position 41826 
(red circle). Coding exons sequences are highlighted in blue. The primers KST and PCP were used for 
probe design of a prcp-specific ribonuclease protection probe. 
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4.1.3 Phenotypic Description of the PRCP Knockout Mouse 

After successful generation of the PRCP knockout mouse, animals were backcrossed 

to guarantee working with genetically pure backgrounds. As mentioned in The Jack-

son Laboratory strain detail sheet of the FVB mouse lines, these mice show a good 

breeding performance (http://jaxmice.jax.org/support/phenotyping/FVBNJdata00180 

0.pdf). Due to this fact the back cross with FVB/N wild type mice until the eighth 

generation (PRCP_FVB/N) was already finished while the back cross to C57Bl/6 wild 

type mice (PRCP_C57Bl/6) was still in progress. Therefore, most of the examinations 

were carried out using PRCP_FVB/N mice from homozygous knockout and wild type 

mouse breedings. If not mentioned different in the text, PRCP_FVB/N mice were 

used for the experiments. 

Knowing that PRCP expression is highest in human placenta 3, litter size and birth 

rate were monitored regularly, to rule out a role of PRCP already in embryonic devel-

opment. Compared to homozygous wild type mice, PRCP-/- breedings showed the 

same birth rate, approximately every 24 days like their controls. The average litter 

size was determined by comparing the fourth to sixth litter of five and six mating 

cages per genotype. Within a trio-breeding formation (one male + two females) 

PRCP+/+ had 11.8±2.7 and PRCP-/- 11.7±3.1 pups per litter.  

To exclude general growth abnormalities, groups of male PRCP_C57Bl/6 mice were 

checked for body length. Anal-nose length of 20 weeks old, anesthetized mice was 

not different between PRCP-/- (8.7 cm) and PRCP+/+ (8.79 cm) and also not in 

twelve-week-old mice (Figure 5A). But monitoring body weight of mice starting at the 

age of weaning (four weeks) revealed that already one month old PRCP-/- mice are 

2.9 g less heavy than age-matching wild type controls and this difference is still pre-

sent until reaching adulthood with around twelve weeks (Figure 5B). This observation 

prompted further investigations (chapter 3.2). 

Studying long-term survival, PRCP-/- and control mice with mixed genetic back-

ground and FVB/N background were followed. Even though the animals did not show 

any obvious impairment in terms of body shape or signs of sickness, life expectancy 

seems to be reduced for PRCP-/- mixed background animals. At the age of 18 

http://jaxmice.jax.org/support/phenotyping/FVBNJdata001800.pdf
http://jaxmice.jax.org/support/phenotyping/FVBNJdata001800.pdf
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months already 50% of the PRCP-/- mice had died while 77% of wild type mice were 

still alive (Figure 5C). The same tendency of shorter life span could be seen in a 

smaller group of PRCP_FVB/N mice (Figure 5D). A Kaplan Meier analysis performed 

on data from mixed background animals, revealed a p-value of 0.0575. 

 

Figure 5: Body dimensions and survival of PRCP knockout mice.  

A anal- nose length of two different aged groups of PRCP-/- (black bars, n=7 and 8) and PRCP+/+ 
mice (white bars, n=7 and 9). B Body weight development of mice in the age between 1 and 3 
months (PRCP+/+ n=32, PRCP-/- n=25). Life expectancy of mice with C mixed background (n=13 
each group) and D FVB/N background (n=5 each group). All data are mean ± SEM, *p < 0.05. 

4.1.4 Prcp Gene Expression and Protein Content in Mouse Tissues 

Different studies show PRCP presence or expression in a variety of organs, cell types 

and body fluids 3. Among these publications also controversial discussions about spe-

cies-specific expression of the enzyme e.g. in lung can be found 97. Therefore a 

screening for basal expression of prcp gene in mouse wild type organs was per-

formed using qPCR.  

As the RNA content per gram tissue and even per cell may vary between individuals, 

different tissues and under different experimental conditions (reviewed in Pfaffl et al. 
98), the expression of prcp was normalized to a house keeping gene. These genes are 
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constitutively expressed and are required for the maintenance of the basic cellular 

functions. The house keeping genes used here were β-actin (actb) and tata box 

binding protein (tbp).  

Initial studies showed that actb expression is highly different in wild type mouse tis-

sues. On the other hand, the expression of tbp was found stable for nearly all organs 

tested. Only in adrenal gland and heart the Ct values were decreased for about 2 cy-

cles. As Ct levels of prcp were also found to be decreased in these organs, tbp was 

kept as a standard for normalization of the whole expression study to make the data 

gained comparable. 

Figure 6A is giving an overview about tbp versus prcp ΔCt values. This analysis 

showed that prcp expression is highest in RNA extracts from brain, followed by white 

adipose tissue (WAT), kidney, lung, heart and small intestine. Calculating prcp ex-

pression in aorta was difficult, as the Ct values gained from RNA of two different 

trails of RNA preparation were found to vary strongly, seen by the high SEM given in 

the graphic. Furthermore, prcp expression is present in all other tissues tested. 

 

Figure 6: Prcp expression in mouse tissues.  

Quantitative real time PCR for prcp in wild type mouse tissues A and selected brain areas B. Ki kidney, 
Li liver, Lu lung, He heart, SI small intestine, WA white adipose tissue, Ao aorta, AG adrenal gland, SG 
salivary gland, Br brain; Co cortex, Ht hypothalamus, Bs brain stem, Ol olfactorial bulb, Ce cerebellum, 
Po pons, Hi hippocampus, IC inferior colliculus, CP striatum; all data are mean ± SEM 

To find out whether prcp expression is restricted to a particular part of the brain, 

qPCR of nine areas of the brain was done (Figure 6B). The evaluation of this study 

revealed that prcp gene expression was not limited to particular brain regions, but is 
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4.2.3.6 Activity of PRCP-/- Mice 

Not only hyperphagia, but also behavioural adaptations have influence on body 

weight. In an experiment restricting food availability to MC4R-/- mice it has been 

shown that these mice develop obesity not only because of increased food intake but 

also due to lowered energy expenditure 105. 

Therefore, single housed mice were monitored over three days in specialized cages 

to register their activity. Extracting the data with the ACTIMOT software (chapter 

3.9.11) revealed no differences in basal activity or hyperactivity. Also circadian 

phases of resting and awake periods did not appear shifted or differentially pro-

nounced (Figure 13). 

 

Figure 13: Activity of PRCP knockout mice.  

The general activity A, hyperactivity B and calmness C was calculated by ACTIMOT® software. Dis-
played are 24 hours overviews of selected behaviours monitored (PRCP+/+ n=10, PRCP-/- n=11). 
Black and white bars stand for 6 hours starting with 3pm to 9pm (black), 9pm to 3am (white), 3am to 
9am (black) until 9am to 3pm (white). All data are mean ± SEM, *p < 0.05 vs. control 
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4.3 PRCP and the Renin Angiotensin System 

Initially, prolylcarboxypeptidase was named angiotensinase C when it was shown that 

it is cleaving AngII 1. However, the exact role of the enzyme in cleaving this potent 

vasoactive hormone and at the same time generating the ligand Ang1-7 for the re-

ceptor Mas has never been clarified completely. Therefore, Ang peptides and known 

physiological consequences of a possible AngII overload were analyzed in the PRCP 

knockout mouse. 

4.3.1 Angiotensin Peptides 

Angiotensin peptides were measured using two different radioimmuno assays (RIA). 

First, protease inhibitor cocktail treated plasma samples were analyzed for AngI and 

AngII concentration. This study did not reveal any changes in peptide levels (Figure 

14A and B). In a second approach AngII and its degradation product Ang1-7 were 

analyzed from SEP column extracts of blood and organs homogenized in GTC. Except 

a slight but insignificant AngII decrease in PRCP-/- kidneys no difference was present 

in the blood and selected organs tested (Figure 14C to G). But using the same ex-

tracts for Ang1-7 measurements revealed a 68% reduction of the peptide in knock-

out WAT (Figure 14H to L). In contrast the Ang1-7 concentrations in PRCP-/- kidneys 

were found to be 3-fold increased compared to the level found in wild type kidneys 

(Figure 14I). 
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Figure 14: Angiotensin peptides measured by radioimmunoassay.  

AngI A and AngII B measurement using protease inhibitor-treated plasma (n=7, each group). AngII C 
to G and Ang1-7 H to L measurement using extracted peptides from blood and organs (PRCP+/+ 
n=6, PRCP-/- n=9) all data are mean ± SEM, *p < 0.05, AG adrenal gland, WAT white adipose tissue 

4.3.2 Enzymes Involved in Renin Angiotensin System 

The concentration and activity of three enzymes important for RAS signaling were 

analyzed using two different assays. Renin, as the rate-limiting enzyme releasing 

AngI from its precursor AGT, is the key enzyme starting the RAS cascade. But the 

quantification of renin with RIA in plasma of PRCP-/- mice did not reveal any 

changes compared to wild type controls (Figure 15). 

ACE2 and NEP activities were analyzed by assays utilizing peptide based enzyme 

substrates linked to a chromophor – here 2,4-Dinitrophenyl. Incubation of the NEP 

specific chromogenic substrate DALEK with tissue homogenates of kidney and small 
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intestine again did not show any abnormalities in PRCP-/- mice (Figure 15B). But us-

ing the ACE2 specific substrate MAPK, exhibited significantly increased activity in 

knockout kidneys (Figure 15C). At the same time ace2 expression in knockout kidney 

as well as ACE2 protein levels in the same tissue was not changed (Figure 15E and 

F). 

 

Figure 15: RAS enzyme activities.  

Plasma renin concentration A, NEP activity in kidney extracts B, ACE2 activity in small intestine C and 
kidney extracts D (n=8 each group). Quantitative real time PCR measurements of ace2 mRNA in kid-
ney E and western blot detection of of ACE2 in kidney extracts F using a specific antibody (n=4 each 
group). All data are mean ± SEM, *p<0.05 vs. control, M marker, ACE2-/- protein extract from kidney 
of ACE2 knockout mice 

4.3.3 Angiotensin Receptors 

The AT1 receptor is mediating most of the actions of AngII while Ang1-7 was de-

scribed to be responsible for counter balancing the actions of AngII via activation of 

Mas. Therefore a screen for these important RAS proteins was carried out using 

qPCR and western blot techniques. As the presence of both receptors has been dem-

onstrated in kidney, heart and lung, these organs were chosen for analysis. The 

quantification of the expression levels of both receptors shown in Figure 16A and B 
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did not reveal significant differences. Western blot analyses confirmed that also pro-

tein levels of AT1 and Mas are not changed in the PRCP-/- mice (Figure 16C and D).  

 

Figure 16: Angiotensin receptors.  

AT1 receptor A and Mas expression levels B in selected organs. Western blot analysis using a AT1-
specific antibody C, revealing the specific AT1 band at 50 kDa. Western blot analysis with a Mas-
specific antibody D showing the specific band at 50 kDa. All data are mean ± SEM, n=4 each group, 
white bars indicate PRCP+/+, black bars PRCP-/- animals, M Odyssey® marker 

4.3.4 Acute Infusion of Angiotensins and Bradykinin 

The insertion of a femoral artery catheter is a standard method in cardiovascular re-

search to measure blood pressure and heart rate response in reaction to an acute 

stimulus. In the following experiment, in which different dosages of AngI and AngII 

were applied to PRCP-/- mice backcrossed to FVB/N and C57Bl/6, are described. To 

rule out influences from the KKS on the RAS bradykinin (BK) was included into the 

list of injected compounds. 

A first experiment was carried out using PRCP_FVB/N mice. Mean arterial pressure 

(MAP) and heart rate (HR) measured over a time of at least one hour before starting 

the experiment indicated no basal changes in the PRCP-/- mice (Figure 17A and C). 

Also the bolus injection of 1 μg/kg AngI, AngII and BK Figure 17A and C evoked only 

a typical response to every compound administered, but no difference between wild 

type and knockout mice was visible.  
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Figure 17: Acute angiotensin II injection (1μg/kg).  

A Mean arterial pressure (MAP) and C heart rate (HR) of mice on FVB/N background (PRCP+/+ n=9, 
PRCP-/- n=11). B MAP and D HR of mice on C57Bl/6 background (PRCP+/+ n=6, PRCP-/- n=10). All 
data are mean ± SEM, *p < 0.05 vs. control 

On the other hand, when repeating the experiment with PRCP_C57Bl/6 mice, one 

remarkable difference was discovered. An application 1 μg/kg of the vasoconstrictive 

peptide AngII revealed a 11.6 mmHg higher blood pressure response in PRCP-/- mice 

compared to controls while the fall in HR was not significantly changed (Figure 17B 

and D). The same response was monitored when using a lower dose (100 ng/kg) of 

AngII: Here, blood pressure rose 12.6 mmHg higher than wild type blood pressure, 

while heart rate was not found to react differently (not shown). Interestingly PRCP-/-

_C57Bl/6 mice were able to catch up with wild type mice normalizing blood pressure 

to the same level (∼110 mmHg) after three minutes.  

4.3.5 Chronic Infusion of AngII 

The increased response of knockout PRCP_C57Bl/6 mice to acute AngII injection 

(chapter 4.3.4) raised the question how these animals would react to a chronic AngII 
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overload. For this purpose telemetry transducers were inserted into a group of five 

PRCP-/- and six PRCP+/+ male mice (13 week old, FVB/N background). After ten 

days of recovery following the operation the basal MAP and HR was measured and 

both increased in PRCP-/- mice. Twenty-four hour average blood pressure went 8.7 

mmHg beyond the basal wild type level, the HR was 36 bpm increased (Figure 18B 

and E). In parallel, activity data from telemetry revealed no changed activity of 

knockout mice indicating that the increased blood pressure and heart rate are activity 

independent.  

 

Figure 18: Telemetry and chronic AngII infusion.  

A Scheme of experimental setup: The first operation (1.OP) indicates the starting point of experiment 
when telemetry transducers were inserted into mice followed by a period of basal mean arterial pres-
sure (MAP) B and heart rate E monitoring (basal). A second operation (2.OP) was carried out to insert 
mini pumps filled with AngII to apply a constant dose of 1.4 mg/kg/d to the animals. From the meas-
urement of MAP (C and D) and heart rate (F and G) following AngII treatment three representative 
days for each week are shown (n=5 each group). X-axis indicate periods of the day with white bars 
standing for the time between 3am to 3pm and black bars from 3pm to 3am. All data are mean ± 
SEM, *p < 0.05 vs. control 

Infusing chronically 1.4 mg/kg/d AngII via mini pumps raised blood pressure and 

dropped heart rate of both groups over the whole period monitored. But neither 

heart rate nor MAP was significantly different in PRCP-/- mice (Figure 18C, D, F and 

G). 
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4.3.6 Echocardiography 

Echocardiography was used to analyze changes in heart morphology in young adult 

PRCP-/- mice and after treating the mice three weeks with AngII (1.4 mg/kg/d). 

Basal echocardiography was carried out using 13 weeks old male PRCP_FVB/N mice. 

This measurement revealed that young adult PRCP-/- mice already exhibit mild hy-

pertrophy shown by increased LVPWd/LVD ratio compared to wild type hearts (Figure 

19A). Fractional shortening and ejection fraction exhibited a tendency to be in-

creased but were not significantly changed (Figure 19B and C).  

 

Figure 19: Echocardiography before and after chronic angiotensin II treatment.  

A to C basal echocardiography of 13 week old male mice. D to F echocardiography after three weeks 
of chronic 1.4 mg/kg/day angiotensin II infusion. All data are mean ± SEM, *p < 0.05, n=5 each 
group, LVPWd diastolic left ventricular posterior wall dimension, LVd left ventricular dimension at dias-
tole 

The same groups of animals were reanalyzed by echocardiography after three weeks 

of chronic AngII infusion via mini pumps (chapter 4.3.5). Due to the permanent infu-

sion of the vasoconstrictor AngII PRCP+/+ mice developed left ventricular hypertro-

phy and the already existing mild hypertrophy of PRCP-/- hearts worsened seen by 

comparison of basal to AngII treated LVPWd/LVd ratios (Figure 19A and D). On the 

other hand there were no significant difference between AngII treated PRCP-/- and 
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control mice in LVPWd/LVd, fractional shortening or ejection fraction (Figure 19D, E 

and F). 

4.3.7 Water Balance and Ion Homeostasis 

One of the first organs in which PRCP was described to be present was the kidney 9. 

As the local AngII in the kidney is involved in controlling ion homeostasis and water 

balance daily drinking volume as well as urinary output of mice singly housed in 

metabolic cages was monitored. This procedure revealed that PRCP-/- mice drink 

approximately 1mL more per day than controls (Figure 20A). Consequently urinary 

output of the knockout mice was slightly but not significantly increased (Figure 20B). 

The analysis of urine taken from these mice did not show changes in sodium, potas-

sium or albumine concentration (Figure 20C to E). 

 

Figure 20: Water and ion homeostasis.  

Daily water uptake A and urinary output B of single housed mice. Urinary potassium C, sodium D and 
albumin E levels (n=7 each group). All data are mean ± SEM, *p<0.05 
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hypertension and thrombosis etc. 123,124,125,126,127,128,129. The genetic causes underling 

these background differences are not clarified yet. 

Further investigations of angiotensin peptides in selected organs uncovered that local 

peptide levels in kidney homogenates were changed. While AngII levels described a 

tendency to be decreased, Ang1-7 levels in kidney were more than 3-fold increased. 

One of the first descriptions of PRCP arose from monkey kidney studies 10 and also 

mice present prcp expression in kidney (chapter 4.1.4) suggesting a role of this en-

zyme in this tissue. But the peptide analysis revealed the opposite of what could be 

expected in PRCP-/- mice: instead of the substrate AngII, the degradation product 

Ang1-7 was found to be more than 3-fold increased in the absence of the enzyme. 

These findings could be explained by the raised ACE2 enzymatic activity in PRCP-/- 

kidneys (chapter 4.3.2). Possibly, an increased ACE2 activity in kidney is clearing the 

excess AngII and therefore, is compensating the missing PRCP activity. Other RAS 

components like renin, NEP, AT1 and Mas did not turn out to be differentially ex-

pressed in knockout mice. Indeed, ACE2 is generally accepted to be the major en-

zyme responsible for cleavage of AngII to form Ang1-7 78, making it a good candi-

date of compensating a possible AngII overload in PRCP-/- mice. 

To check whether PRCP-/- mice under additional chronic AngII overload are affected 

differentially, telemetry transducers and mini pumps administering AngII constantly 

over three weeks, were inserted into the mice. This experiment revealed two new 

facts: First, blood pressure increased and heart rate decreased for knockout mice to 

the same level as in controls, showing that ACE2 hyperactivity may indeed be suffi-

cient to compensate the lack of PRCP at least over the two weeks measured. Second, 

at basal level PRCP-/- mice are hypertensive. This finding is in accordance with a 

study linking a polymorphism in the human prcp gene with different responses of 

patients to an antihypertensive treatment 23. 

The mild hypertension was further confirmed by echocardiography. The ratio of left 

ventricular posterior wall dimension and left ventricular diameter in diastole revealed 

a significant increase in the knockout group. At the same time ejection fraction and 

fractional shortening exhibited a trend to be elevated. These findings can be inter-



DISCUSSION 

 80

preted as mild hypertrophy of the heart in reaction to the chronically increased blood 

pressure seen in PRCP-/- mice.  

The high expression of prcp in brains compared to other organs of the mouse finally 

provided a new possible explanation for the discovered hypertension: Disturbed cen-

tral control of blood pressure. Prcp promotor activity visualized by X-Gal staining was 

present in the RVLM/CVLM area, nervus vagus, nucleus ambiguus and the NTS. 

These nuclei are known to be involved in cardiovascular regulation mechanisms, e.g. 

the baroreflex. When baroreceptors in vessels become stimulated the innervating 

vagus nerve transmits the signal to the NTS in the brain stem. The NTS confers the 

signal upon the CVLM which sends inhibitory fibers to the RVLM, thus inhibiting the 

RVLM and therefore inhibiting sympathetic nerve activity. The presence of prcp pro-

motor activity in exactly these nuclei of the brain stem suggests an involvement of 

PRCP in processes controlled by these neuron populations, in particular since all of 

them express RAS components. 

Furthermore, the SFO was suggested to transmit angiotensinergic input to the PVN 
74,130,131,132,133. The PVN is an essential hypothalamic nucleus not only by transmitting 

appetite and satiety signals, but also for the maintenance of cardiovascular parame-

ters and the homeostasis of body fluids 74. Intracerebroventricular injected, AngII is a 

potent stimulator of thirst 134. Additionally, AT1 predominates in areas with estab-

lished roles in control of body fluids including the SFO, NTS, PVN, supraoptic nucleus, 

AP and nucleus ambiguus 135,136,137,138. The same list of brain nuclei showed prcp 

promoter activity, supporting the idea that the increased water uptake of PRCP-/- 

mice is mainly a central effect of lacking PRCP. 

Interestingly AngII does not cross the normal blood-brain barrier 74 but the brain it-

self expresses all components of the RAS, creating a local RAS functioning independ-

ently of the peripheral RAS. Therefore, the role of central PRCP in degrading angio-

tensin peptides could be double sided, depending on its location. First, prcp promoter 

activity was found in CVOs like the SFO, SCO and AP. As explained in chapter 4.1 

CVOs are structures that allow a limited contact of blood born factors with the cere-

brospinal fluid. The SFO was already shown to transmit AngII signals to the PVN 
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130,131,132,133. According to this, PRCP in SFO and possibly in other CVOs, is in the right 

position to function as a kind of a gatekeeper to control AngII signaling within the 

SFO or modulate AngII amounts entering the brain. 

A second regulatory role PRCP could play in brain areas producing local angiotensin 

peptides. Although, AngII is not fulfilling the classical criteria of a neurotransmitter, 

several publications hypothesize that AngII or one of its metabolites may function as 

one (reviewed in Grobe et al. 139, Ferguson et al. 74). Therefore, the presence of 

PRCP in the synaptic cleft between defined neuron populations could be critical to 

control neurotransmitter availability in neuron signaling, like it was already suggested 

for the inactivation of αMSH by PRCP 16. 

In summary, this study provides data supporting the theory of AngII being a major 

PRCP substrate. Although angiotensin peptide measurements in PRCP-/- mice did not 

reveal raised AngII levels, the mild hypertension, increased response to AngII bolus 

injection and increased drinking volume are indicating an involvement of AngII into 

the observed phenotypes. In parallel, compensatory mechanisms seem to be acti-

vated, shown by the elevation of kidney Ang1-7 levels as well as increased ACE2 ac-

tivity. A contribution of the brain RAS is very likely, as centers of known brain RAS 

activity are also positive for prcp promotor activity. 

In conclusion, the analysis of the PRCP knockout mouse model showed that this en-

zyme is involved in the control of metabolism and obesity by inactivating αMSH and 

in cardiovascular content by limiting the actions of AngII mainly in the brain. 
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ABBREVIATIONS 

 

ACE /ACE2 angiotensine converting enzyme / -2 
ACTH adrenocorticotropic hormone
AGRP agouti related peptide
AGT angiotensinogen
Ang I / II / III / IV / 1-7 angiotensin I / II / III / IV / 1-7 
αMSH α melanocortin stimulating hormone 
ARC arcuate nucleus
AT1 / AT2 angiotensin receptor I / -II
AP area postrema
Arg arginin
bp / kbp base pare / kilo base pare
BK bradykinin
BSA bovine serum albumin
CSF cerebrospinal fluid
CVLM caudal ventrolateral medulla
CVO circumventricular organ
DALEK (D-Ala2,Leu5)-enkephalin (NEP substrate) 
DEPC diethylpyrocarbonat
DMSO dimethyl sulfoxide
DNA / cDNA desoxyribonuclein acid / copy DNA 
DNase deoxyribonuclease
dNTP deoxynucleotide triphosphate
ELISA enzyme linked immunosorbend assay  
ES cells embryonic stem cells
GHRL ghrelin (growth hormone release inducing) 
HD high fat diet
HPLC high-performance liquid chromatography 
HR heart rate
HUVEC human umbilical vein endothelial cells 
KKS kallikrein kinin system
LPS lipopolysaccharide
MAP mean arterial pressure
MAPK Mca-APK(Dnp) (ACE2 substrate) 
MCR3 / MCR4 melanocortin receptor 3 / 4
NEP neutral endopeptidase
NO nitric oxide
NPY neuropeptide Y
NTS nucleus tractus solitarius
PCR polymerase chain reaction
Phe phenylalanine
POMC proopiomelanocortin
PRCP prolylcarboxypeptidase
PRCP-/- PRCP knockout mouse
PRCP+/+ PRCP wild type mouse
Pro prolin
PVN paraventricular nucleus
qPCR quantitative realtime PCR 
RAS renin angiotensin system
RPA ribonuclease protection assay
RT-PCR reverse transcription PCR
RVLM rostral ventrolateral medulla
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SCO subcommissural organ
SD standard diet
SFO subfornical organ
WAT white adipose tissue
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