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WRIGHT, J W , S L MORSETH, R H ABHOLD AND J W HARDING Elevat.ms m plasma angaotensm il wtth 
prolonged ethanol treatment m rats PHARMACOL BIOCHEM BEHAV 24~4) 813-818, 1986 --Chromc alcohol consumptaon 
frequently leads to hypertension tn humans Whale previous reports have ~mphcated the remn-angtotensm system as a 
potential mediator of th~s effect, plasma angtotensm II (All) levels were either not measured or yielded negatave results 
The present investigation noted stgmficant elevations m circulating All m rats mtubated dady w~th ethanol (4 g/kg) for 50 
days Ammals administered ethanol only once ewdenced All concentrations eqmvalent w~th water mtubated controls 
Rad~ohgand bmdmg assay data indicated no differences m the number or affimty of Sar~,lleS-All binding sites m the 
thalamus, septum-antenor ventral third ventncal region or adrenal gland companng those groups chromcally treated with 
ethanol to water mtubated controls These results may support a role for the vasoconstnct~ve hormone All m the etiology 
of alcohol-reduced hypertension 
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A L T H O U G H  the effects of ethanol on blood pressure are 
reasonably well established, no comprehensive hypothesis 
has been proposed to explain its mechamsm of action. Acute 
ethanol intake has a marked hypotensive effect both in hu- 
mans [7] and rodent species [19,31], while chronic consump- 
tion frequently leads to heart d~sease and hypertension as 
verified by several eptdemlological studies in humans [2, 4, 
5, 8, i I, 28, 33] Of major interest to the present investigation 
ts the observation that renm and aidosterone levels are in- 
creased during recovery from alcohol ingestion [18]. These 
~nvestigators have further indicated that plasma renm activ- 
ity (PRA) is s~gmficantly elevated m genetically derived alco- 
hol prefernng rats as compared w~th alcohol avoiding rats 
one hour after gavage [19] A stmdar elevation ~n PRA has 
been noted in human alcohohc patmnts with cirrhosis of the 
hver [35] Dehydration resulting from ethanol dlurests has 
been considered to be at least partially responsible for the 
alterations in PRA [17, 18, 22]. Elevations in PRA m turn 
result m the increased synthesis ofang~otens~n II (All) which 
may elevate arterial blood pressure in several ways includ- 
ing" (1) direct action on artenolar smooth muscle, (2) indi- 
rectly by stimulating the peripheral sympathoadrenal system 
which also leads to vasoconstriction, and (3) by stimulating 
the central nervous system v~a the clrcumventncular organs 
(CVOs) resulting m neurogemcally controlled elevations m 

peripheral resistance and cardiac output [9,25]. Angiotensm 
stimulation of CVOs in nonalcohol treated ammals has been 
shown to increment the release of antldiuretic hormone 
(ADH) from the neurohypophysis [9]. Although alcohol 
treatment ~mt~aily results in body dehydration [3,36] 
presumably because of decreased release of  ADH [34,37], 
this state of dehydranon disappears following continued in- 
take [6,36] with an accompanying return of normal circulat- 
ing ADH levels ~n laboratory animals [37], and in human 
alcoholic patients [14, 15, 23] 

Given that All  plays a prominent role in the control of  
blood pressure and body water balance via direct action and 
also by influencing catecholamme release from adrenal 
glands and ADH release from the neurohypophysls [9,27], it 
~s reasonable to hypothesize that the complex influence that 
ethanol has on vascular resistance and body water balance 
may be at least in part mediated by All  [16]. Thus, the pres- 
ent mvesugatlon specifically examined the potential role of 
All  m medlatmg the alterations in vascular volume observed 
to accompany acute and chromc ethanol consumption. We 
predicted that acute ethanol treatment would result m a de- 
crease tn circulating All  levels to account for the hypoten- 
slve effect with elevated levels following chronic ethanol 
administration thus providing a potential explanation for the 
occurrence of hypertension. We further hypothesized alter- 
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T A B L E  1 

MEAN (_+SEM) DAILY FLUID CONSUMPTION IN ml/100 g BODY WEIGHT FOR GROUPS CHRONICALLY INTUBATED WITH WATER OR 
ETHANOL ON THE FIRST AND LAST TEN DAYS OF TREATMENT 

Treatment 
group N 

Day of Treatment 

I 2 3 4 5 6 7 8 9 10 

Water 30 7 7 ± 0 5  6 3 ± 0 5  5 7 ± 0 5  5 7 ± 0 4  62-+__03 6 5 ± 0 5  6 1 ± 0 4  6 1 ± 0 4  59.+_.04 6 1 ± 0 5  
Ethanol 30 6 4 ± 0 4  5 8 ± 0 3  4 8 - - 0 3  5 2 ± 0 3  6 2 ± 0 3  5 9 ± 0 4  5 7 ± 0 3  6 0 ± 0 3  57 -t_03 5 4 ± 0 3  

Day of Treatment 

41 42 43 44 45 46 47 48 49 50 

Water 6 7 ± 0 4  5 0 ± 0 4  5 9 ± 0 4  6 4 ± 0 5  65 x 0 5  61 ± 0 4  6 2 - - 0 5  6 I ± 0 4  61 +-04 6 3 ± 0 6  
Ethanol 6 0 + - 0 3  5 0 + - 0 4  5 5 + - 0 3  6 3 + - 0 4  5 0 + - 0 3  5 7 ± 0 3  5 8 ± 0 4  5 9 _ + 0 4  5 5 + - 0 4  5 9 _ + 0 4  

T A B L E  2 

ETHANOL INFLUENCES UPON HEMATOCRIT AND ESTIMATED PLASMA VOLUME FOR EACH TREATMENT 
GROUP FOLLOWING INTUBATION 

Post-lntubat~on (h) 

Treatment ~/,~ V2 I 2 4 

Acute-water 
Hematocnt (% RBC) 47 6 ± 07* 492 ___ 05 47 0 ± 07 495 +_ 1 I 50 4 ± I 5 
Plasma vol (ml/100 g) 3 04"t 2 83 3 12 2 79 2 68 

Chromc-Water 
Hematocnt 494 ± 1 2 51 0 ± 09  51 6 .-r. 1 2 53 3 ± 09  477 -+ 08  
Plasma vol 2 81 2 60 2 52 2 30 3 03 

Acute-Ethanol 
Hematocrlt 51 7 _+ 04  504 ± I 0 51 3 ± 1 0 51 3 ,z_ I 1 500 ± 1 2 
Plasma vol 2 51 2 68 2 56 2 56 2 73 

Chromc-Ethanol 
Hematocnt 57 6 --_ 21 497 ___ I 6 53 8 ± 0 7 513 ± I 4 51) 2 "- 19 
Plasma vol 175 2 77 2 24 2 56 2 70 

*Mean ± SEM 
*Dcnved from regression equation, PV=9 18-0 129 (Hct) [36] 

at~ons tn Al l  r ecep to r  number s  and/or  affimty ~n per ipheral  
and central  t tssues 

METHOD 

Ammals  

One hundred  twenty-s~x male Sprague-Dawley  rats 
weighing f rom 390-500 g at the beginning o f  the s tudy were  
|nd |v tduai ly  housed  ~n hangtng cages  at 21-23°C on a 12-12 
hght-dark photo-per iod  mt t |a ted  at 0700 hr. Purina lab chow 
was  avadable  ad hb to all ammals  

Prot cdllrt, 

The ammals  were  randomly  d~wded ~nto four major  
groups  o f  30 each Two of  these  groups  were  des ignated  
chronm t rea ted  and rece ived  e~ther e thanol  (4 g/kg brought  to 

a total volume of  4 ml wtth dls tdled water)  or d~stdled water  
(4 ml) once  datly at 0930-1100 hr by gavage (16 g ~ntubat~on 
needle,  Popper  & Sons) Twenty-four  hr water  consumpt ions  
were  measured  dmly at 0900-0930 hr by the use of  100 ml 
graduated  cyhnde r s  fitted w~th s tmnless  steel spouts  Body 
weights  were  recorded  every  o ther  day On t rea tment  days  
50 or  51 each  m e m b e r  of  the four major  groups  was fur ther  
randomly ass igned to one  of  five pos t -ga rage  t~me points ,  6 
ammais  at each point ,  and a s~ngle blood sample  was taken 
by cardmc puncture  Th~s ymlded 5 subgroups  of  ch romc  
ethanol  and 5 subgroups  of  ch romc  water  t reated ammals  
w~th each subgroup  ass igned to one  of  5 t~me pomts  follow- 
~ng gavage 15, 30, 60, 120 and 240 mln Memb er s  o f  the 
o ther  two major groups ,  des ignated  for acute  t rea tment ,  
were  mtuba ted  only once  w~th e thanol  or d~stdled water  and 
independen t  sets o f  6 ammals  were  assigned to the t~me 
points  ~nd~cated above  and were  s lmdarly blood sampled In 
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add~tton, blood was taken from 6 naave ammals matched for 
age w~th the other ammals. Two days were required to com- 
plete blood sampling wtth time points 15, 60 and 240 min 
conducted on treatment day 50, and ttme points 30, 120 and 
the nmve control group on day 51 

A single blood sample was taken from each ammal under 
hght ether anesthesta and the procedure was completed 
w~tMn 90 sec of removal of the an|mal from ~ts home cage. 
M~crohematocnt tubes were prepared m tnphcate and the 
plasma was ~mmedmtely separated at 2,000 g for 15 mtn at 
4°C and stored at -20°C untd assayed for ang~otensm con- 
centrat~on by radtotmmunoassay 

Upon completion of the 4 hr post-mbutatton data collec- 
tion period, 8 ammais were randomly selected from each of 
the two chromc treatment groups and were killed by decapi- 
tation and the brains and adrenal glands were removed The 
brams were d~ssected over ~ce and kept motst wtth ~ce-cold 
0.15 M NaCI The thalamus and septum-antenor ventral 
thtrd ventricle (AV3V) regions were reta|ned for All 
radlohgand btndmg assay. 

Radlotmmunoassay 

The plasma from each ammal was analyzed for combined 
ang~otensin II and III (AIII) levels ~n tnphcate, 200 p.l per 
assay The plasma was ~nittally extracted tn 750 ~.1 of 95% 
ethanol by ~ncubatton at 27°C for 15 m~n, then at 4°C for 15 
mm The mtxture was centrifuged at 2000 g for 10 mm at 4°C, 
and the supernatant was dried down overmght ~n a speedvac 
Internal standards were used to assess the effioency of ex- 
tractton which averaged 84% Values were normalized based 
on calculated recoveries All glassware and assay tubes were 
coated w~th heat-treated 0.1% bowne serum albumin (BSA) 
solunon (S~gma 44503, 6 hr at 56°C) and dried overn|ght prior 
to use The incubation m~xture contained the following com- 
ponents 3 pg of [~'Sl]-AllI w~th a specific act~wty of 1,700 
~Ct/p.g in 200 p.l of buffer (10 mM NaPO4, pH 7 0); 100 ~1 of 
reconstituted rabb~t antiserum dduted 1 25,000 m buffer, 200 
~tl of standard AIII or unknown, an additional 500 p.l of 
buffer was added to bnng the total reactton volume to 1.0 ml. 
Following incubatmn for 24 hr at 4°C, 500 /zl of dextran- 
coated charcoal (charcoal: F~scher C-170, 12 mg/ml, dextran 
S~gma D-1390, 1.2 mg/ml) was added to the ~ncubat~on m~x- 
ture The resultant suspension was vortexed, allowed to 
stand for 5 ram, and centrifuged at 2,000 g for 10 m~n at 4°C, 
and the supernatant contammg the bound angtotensm was 
retained for counting (Beckman Gamma 5500) A complete 
standard curve, nonspec~fic b~nding m the absence of 
antibody (blank) and zero standard bmdtng, was determined 
routinely wtth each set of assays. The percentage of labeled 
AIII bound was graphed agmnst the total AIII ~n the assay to 
form the standard curve A Iogtt transformatton of the stand- 
ard curve was used to calculate the unknowns expressed as 
pg/100 tzl of plasma The assay was sensitive to I 5 pg of 
AIII The antiserum was equivalently reactive to All and 
AII! as determtned by d~splacement analyses and, as a re- 
sult, reflected the total All and AIII levels m the plasma 

Bmdtng Assay 

Following d~ssect~on, the t~ssues were wetghed and Poly- 
tron homogemzed m 10 ml of ~ce-coid homogemzat~on buffer 
contmmng 50 mM Trts, pH 7.4, 150 mM NaCI, and 5 mM 
EDTA. The whole homogenates were centrifuged at 40,000 g 
~n a Beckman J-21C centrifuge for 30 mtn at 4°C. The super- 

natant was d|scarded and the pellet was rehomogenized in 
homogemzation buffer using 1 ml of buffer for every 20 mg of 
original tissue weight. Final protein concentrations of the 
ttssue homogenates vaned from 1 0-2 5 mg/ml. 

The btndtng of the ang~otenstn II competitive antagonist, 
~2~I-Sar',IleS-AII (~2~I-SI-AII) was determined by a modtfica- 
t~on of the method of S~rett et a! [29]. Two hundred m~croh- 
ters of homogenate contmmng 0.2-0.5 mg of protetn were 
~ncubated w~th 200 ~1 of '"'~I-SI-AII (spec. act = 1840 ~tCt/p.g) 
m 12x75 mm culture tubes gtving a final concentration of 
0 06 nM (70,000 cpm at 70% effioency/assay tube). Assay 
buffer had the same composition as the homogemzation buf- 
fer with the addmon of dithmthettol (final concentration 5 
mM) and bovine serum album~n (final concentration 0.2%). 
In tubes where total ~'~I-SI-AII binding was to be deter- 
m~ned, an additional 100 t~l of assay buffer was added g~vtng 
a final volume of 0 5 ml. In tubes where non-specific binding 
was to be determined, 100 ~1 of 2 p.M unlabelled SI-AII was 
added tnstead of the additional assay buffer g~ving a final 
SI-AII concentration of 200 riM. The final assay solutton was 
vortexed and ~ncubated at room temperature for 60 rain. The 
assay suspension was then filtered through GF-B filters that 
had been soaked wtth 0 1% BSA m tsotomc sahne. After 
filtration the filter was washed 4 t~mes with 4 mi of sahne 
The filter was then placed m a culture tube and counted m a 
Beckman Gamma 5500 at 70% efficmncy Assays for total 
and non-specific b~nd~ng were performed tn triplicate. Spe- 
ofic b~nd~ng was considered the difference between total and 
non-specific btndtng The detectton hm~ts of the assay were 
0 02 fmol All bound/mg prote~n Prote~n was esttmated ac- 
cordtng to Lowry et a! [20], using bovine serum albumin as 
standard Kd and Bmax values were determined by the dts- 
placement method of Akera and Cheng [1] utdtztng log~t 
analysis 

Stattsttt al Analy~es 

Water consumptton for members of each group durmg the 
~ntttal 10 days of treatment and during the last 10 days were 
converted to ml/100 g body weight and each data set was 
submmed to a Groups × Days ANOV w~th repeated meas- 
ures on the second factor Hematocnt ratios and plasma All  
levels were each analyzed by a 4 (Treatments) x 5 (Time of 
blood samphng) ANOV And the levels of Sar ~, Ile~-All 
specific btndtng were analyzed by a 2 (Treatments) x 3 (Tts- 
sues) ANOV All post-hoc analyses were accomplished 
using Newman-Keuls tests at a s~gnificance level of 0.01 

RESULTS 

Dunng the imttal 10 days of treatment there was no 
Groups effect m water ~ntake, however, there was a Days 
effect, F(9,450)=8.80 p < 0  0001, wtth greater consumptton 
dunng the first day of treatment (mean=7.05 mi/100 g) as 
compared w~th all other days (overall mean=5.84 ml/100 g). 
The interaction was not s~gmficant. Dunng the last i0 days of 
treatment the groups d~d not differ nor were there differences 
m consumption over days Therefore, Table l presents the 
daffy mean water consumpttons for the mmal and last l0 
days of treatment collapsed across subsets of ammals chron- 
tcally mtubated w~th water or alcohol 

Mean hematocnt ratios for each major group are presented 
m Table 2. There was a treatment effect, F(3,100)=7 95, 
p < 0  001, w~th the chromc ethanol groups evidencing a stgmf- 
~cantly h~gher hematocnt level than the other treatment 
condmons, which d~d not d~ffer among themselves. The t~me 
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T A B L E  3 
S A R ~ , I l e ~ - A N G I O T E N S I N  II S P E C I F I C  B I N D I N G  A N D  A F F I N I T Y  IN B R A I N  A N D  A D R E N A l ,  G L A N D S  O F  

C H R O N I C  E T H A N O L  A N D  WA' I  ER I N T U B A T E D  R A T S  

T i s s u e  

Treatment N Adrenal gland Thalamus Septum-AV3V 

Control (water) 
Kd(nM) 8 1 07-+ 025" 1 4 ± 0 18 083 : 023 
Bmax (fmol/mg protein) 8 525 65 _+ 132 66 15 74 _+ I 43 10 53 _+ I 72 

Ethanol 
Kd(nM) 8 I I1 -+ 023 1 03 _+ 024 076 ± 009 
Bmax (fmol/mg protein) 8 550 49 _+ 129 62 13 06 _+ 2 69 12 65 +_ I 52 

*Mean _+ SD 
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FIG 1 Mean (_SEM) plasma angiotensln II concentrations pre- 
sented m pg/100/.d for each group following mtubat,on of ethanol or 
d~stdled water 

o f  blood samphng was not significant, however ,  the interac- 
tion was,  F(12,100)=3 24, p < 0  001 Post-hoe analyses indi- 
cated that the chronic  ethanol  group,  blood sampled at 15 
min following in tubaaon,  was different from the other  15 mm 
groups The chronic  ethanol  group sampled at 60 mm was 
different only from the acute  water  group at 60 mm Utilizing 
the regress ion equat ion ,  Plasma v o l u m e = 9  18-0 129 
(hematocnt )  [36] it was possible to est imate plasma volume 
and these mean values are also provided in Table 2 The 
naive control  group ev idences  a mean (--+SEM) hema tocn t  
level o f  46 6% yielding an est imated plasma volume of  3 17 
ml/100 g body weight The chronic  e thanol  group sampled at 
15 mm following intubation revealed  a 42 4% decrease  in 
plasma vo lume as compared  with the acute water  control  
group sampled at 15 mln, a 37 7% decrease  compared  w~th 
the chronic  water  control  group,  and a 44 8% decrease  com- 
pared with the naive control  group 

Mean plasma ang~otensm levels  are provided in F~g I and 
there were significant differences due to t reatments ,  
F (3 ,100)=I I  03, p<0.0001.  Once  agmn the chronic  ethanol  
t reated groups md~cated e levat ions  over  the o ther  groups 

which d~d not differ among themselves .  Plasma angtotens~n 
was slgmficantly e levated in the chronic e thanol  treated 
groups at 30 mln, l and 2 hours following intubatlon as com- 
pared with the o ther  groups at each sample time. The mean 
(_+SEM) anglotensm level of  the nmve control  group was 
8 4___0 7 pg/100/zl plasma 

Results  from the tissue binding assay are presented in 
Table 3 The A N O V  indicated no overall  difference be tween  
the t reatment  groups or  among the t issues examined  with 
respect  to Kd which represent  the relat ive affinity o f  a recep- 
tor  for its hgand Howeve r .  there was a significant difference 
among tissues, collapsing across  groups,  F(2,43)=58.44, 
p<0.001 with respect  to Bmax,  i e , the number  of  receptors  
per  umt prote~n Post-hoe analyses  indicated that the adrenal  
glands had slgmficantly greater  numbers  of  SI-AII  binding 
sites than the thalamus and sep tum-AV3V which did not 
differ But,  there was no difference be tween  groups collaps- 
ing across  tissues 

D I S C U S S I O N  

Failure to find a persistent  difference m the patterns of  
water  consumpt ion  by the groups was somewhat  surprising 
given that alcohol  p r e f e m n g  animals have been reported to 
consume significantly more water  than alcohol avoiding rats 
[19]. Howeve r ,  the compar ison  of  subgroups of  alcohol  
avoiding rats administered ei ther  ethanol  or  water  by garage  
would appear  to be more comparable  to the present  experi-  
mental  protocol  and these data are not available 

As expec ted  there was an ethanol  induced hypovolemla  
following garage  m the chronic  ethanol  t reated groups with 
recovery  during the four hour pos t - t rea tment  period There  
was a similar trend (not statistically slgmficant) demon-  
strated by the acute  ethanol  treated groups And there was a 
stgmficant e levat ion m plasma Al l  levels m the chron.c  
ethanol treated groups that peaked at one hour post- 
t rea tment  and returned to control  values by four  hours fol- 
lowing the ethanol load We failed to measure  a decrease  m 
plasma Al l  levels m the acute  ethanol treated groups,  thus 
no explanat ion is available from the present  results to ac- 
count  for the hypotens lve  effect frequently observed  to ac- 
company  acute  alcohol  ingestion [7, 19, 31] In fact the trend 
toward hypovolemia  noted in the acute  ethanol  treated 
groups may indicate that w~th a larger dose of  ethanol  the 
hypovo lemla  could be exaggerated and approximate  that 
seen in the chronic treated groups thus indicating greater  
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synthesis of All ,  not reduced synthesis as predicted. This 
poss~blhty awaits further tnquiry. 

The tissue btnding data indicated no differences m the 
number or affimty of All  receptors companng chromcally 
ethanol treated animals w~th the controls. This was surpris- 
tng given the sigmficant elevations m plasma Al l  levels evi- 
denced by members of the chromc ethanol treated group 
W~th hlndstght it appears that we may have m~sjudged the 
raptdlty of All  receptor turnover and by delaying t~ssue col- 
lection untd four hours following tntubat~on we could have 
m~ssed any potential ttssue dtfferences, thus representing a 
major shortcoming of this investigation Recently we have 
determined that brmn All  metabohsm ~s very rap~d w~th only 
28% ~ntact at 45 seconds followmng tntracerebroventncular 
mject~on of [t2"~I]AlI as measured by HPLC [13]. This may 
mdtcate that ttssue All  receptor occupancy and turnover ~s 
also much more dynamtc than previously envts~oned. It wdl 
be necessary to repeat thts study wroth samphng at the peak of 
plasma All  elevations m order to test this poss~btlity. The 
elevated All  receptor numbers m adrenal gland relative to 
brmn t~ssues has been reported elsewhere [12]. 

The previously reported tncrease ~n PRA [17] coupled 
w~th the presently measured elevations m plasma All  appear 
to occur as a result of the ethanol reduced body dehydration 
that ~s evidenced as hypovolem~a [35,36] The present 
hypovolemta appears to be of suffictent magmtude to serve 
as an adequate stimulus for the release of reran [9, 10, 25] 
whtch acts upon orculatmg angtotens~nogen to form the de- 
capept~de ang~otensm I which m turn ~s converted to the 
octapepttde, All ,  by a carboxypept~dase found primarily in 
the pulmonary vasculature [25,30]. Thus, chromc ethanol 
consumption could elevate ctrculat~ng All  levels and would 
therefore serve as a means of d~rectly ~ncreastng smooth 
muscle vasoconstriction and to promote the release of  cate- 
cholam~nes from adrenal glands which would further con- 
tribute to elevations m blood pressure Therefore, these data 
support the notion that the remn-ang~otens~n system 

medtates hypertension resulting from chromc alcohol con- 
sumptton as postulated by others [18, 19, 32, 35]. However,  a 
second major shortcoming of  the present mvesttgation was 
our fadure to measure blood pressures in members of the 
acute and chronic ethanol treated groups. As previously 
o ted  there are several reports correlating chronic alcohol 
consumption with hypertension and heart d~sease m humans 
[2, 4, 5, 8, I 1, 28, 33]. To our knowledge no experimentally 
controlled investigation of the laboratory rat has ~ndicated a 
causal relationship between alcohol consumptton and hyper- 
tension although modest elevations m pressure have been 
reported ~n dogs following 9-22 months of 3.1 g 
ethanol/kg/day [26], and the oral consumption of 400 ml of  
25% ethanol by volume/day for 14 weeks [24]. In both of 
these studies alcohol treatment was terminated 1-2 days be- 
fore blood pressure measurements were taken encouraging 
the poss~bd~ty that these elevattons tn blood pressure were 
due to alcohol w~thdrawal rather than the dtrect effect of 
ethanol And in an earher report, utd~zmg the laboratory rat, 
mean aortic blood pressure actually decreased when meas- 
ured at the conclumon of 4 months of forced retake of 25% 
ethanol by volume tn water provided ad hb [211. 

In conclusion, future efforts must be devoted to determin- 
ing whether alcohol-reduced Al l  receptor changes are indeed 
dynamic requinng tmmed~ate assaying, and blood pressures 
must be measured concomRant w~th s~gmficant elevations m 
c~rculatmg ang~otenmn levels to determine whether the lab- 
oratory rat can serve as an ammal model of alcohol-induced 
hypertensm 
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