Flavonoid bioactive compounds of hawthorn extract can promote
growth, regulate electrocardiogram waves, and improve cardiac
parameters of pulmonary hypertensive chickens
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ABSTRACT The effect of orally administered
hawthorn flavonoid extract (HFE) on growth, elec-
trocardiographic waves, and cardiac parameters of
pulmonary hypertensive chickens reared at high
altitude (2,100 m above sea level) was examined. A
total of 225 omne-day-old, mixed broiler chicks (3
treatments with 5 replicates and 15 chicks per each,
totally 75 birds/treatment) were assigned to 3
experimental groups: 0, 0.1, and 0.2 ml of HFE per
1 L of drinking water. Birds were administered the
drinking water HFE treatments for 42 D. At an age of
28 and 42 D, electrocardiograms were undertaken and
cardiac parameters such as the RV:TV, RV:BW, and
TV:BW, and indicators of PHS on selected birds were
measured. The final BW of chickens receiving the
HFE at 0.2 ml/L was greater (2,579 * 64 g) than that
of birds receiving 0.1 ml/L (2,497 = 62 g) and 0 ml/L

(2,323 = 57 g). Therefore, no supplemented group
had a lower final BW than others (P < 0.05). Am-
plitudes of S and T waves in 0.1- and 0.2-ml/L HFE
consumed groups at 28 and 42 D of age decreased
compared with that in the control group (P < 0.05).
The HFE reduced the heart weight and RV:TV,
RV:BW, and TV:BW ratios when supplemented in
drinking water at 0.1 and 0.2 mL/L compared with
0 mL/L (P < 0.05). In conclusion, supplementation of
HFE in drinking water can reduce the PHS and
incidence of cardiac disorders. Owing to the positive
effect of HFE on cardiac parameters that mediated
through flavonoids bioactive compounds, this
product can be used to prevent complications of
pulmonary hypertension and disarray of electrocar-
diographic waves in broiler chickens reared at high
altitude.
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INTRODUCTION

The susceptibility of fast-growing broiler chickens to
pulmonary hypertension syndrome (PHS) is augmented
when they are raised at high altitudes (generally more
than 1,300 m above sea level) where the relative oxygen
pressure is declined. Ascites and cardiophysiological dis-
orders are the main health impedance of the modern
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broiler industry (Hernandez, 1987; Julian, 2000); smaller
heart and lung size, due to the increased selection
intensity of broilers, has led to further sensitivity of
birds to PHS (Wideman et al., 2013). Consequently,
advanced pulmonary hypertension and right ventricular
(RV) failure are the outcome of hypoxia in birds reared
at high altitudes (Izadinia et al., 2010; Ahmadipour
et al., 2015). In addition, a number of research studies
have shown that a wide range of phenolic compounds
in medicinal plants decrease the ratio of right ventricle
to total ventricle (RV/TV) in ascetic chickens (Fathi
et al., 2015; Shao et al., 2016; Ahmadipour, 2017 and
2018). Several studies indicated that the amplitude of
the T and S waves increased and that there is a trunca-
tion in QRS, QT, and RR intervals from pulmonary hy-
pertension due to high altitude or cold stress (Odom
et al., 1992; Hassanpour et al., 2005). Cardiac disorders
and heart injuries observed in ascitic birds leads to
electrocardiogram (ECG) alterations which can be
observed even before clinical signs develop in birds
(Wideman and Kirby, 1996; Martinez et al., 1997)
Electrocardiography is a noninvasive technique widely
used in diagnostic procedures and for the study of
cardiac physiopatholgy (Martinez et al., 1997). Among
recorded waves, R, S, and T waves are suitable for com-
parison in birds and poultry (Odom et al., 1991, 1992;
Hassanpour et al., 2005, 2008; Hassanpour et al., 2011;
Hassanpour and Khadem, 2013).

Hawthorn extract has been used for ameliorating car-
diac disorders and pulmonary hypertension. The main
chemical constituents of hawthorn flavonoid extract
(HFE) include flavonoids (1-2%), oligomeric proantho-
cyanidins (1-3%), and other bioactive components
(e.g., triterpene acids, organic acids, sterols, and cardi-
oactive amines) (Chang et al., 2002; Kao et al., 2005;
Long et al., 2006; Kao et al., 2007; Barros et al., 2011;
Liu et al., 2011). These compounds are reported to
have many pharmacological effects, including
neuroprotective, hepatoprotective, cardioprotective,
and nephroprotective effects (Chang et al., 2002;
Kirakosyan et al., 2003). Furthermore, hawthorn fruits
possess tonic effects on the heart and could reduce
cardiovascular risk (Long et al., 2006; Salehi et al.,
2009). Flavonoids are a natural secondary metabolite in
Hawthorn, which is considered to be an antioxidative
agent that eliminates oxygen-derived free radicals
(Bottje and Wideman, 1995; Chang et al., 2007),
improve blood pressure and vascular function (Brixius
et al., 2006; Liu et al., 2011), as well as control PHS
and cardiac disorders (Horakova, 2011; Surai, 2014).
Flavonoids and oligomeric proanthocyanidins are
considered to be responsible for the positive health
effects of hawthorn extract (Long et al, 2006;
Ahmadipour et al., 2017).

Because hawthorn ( Crataegus oxyacantha) flavonoids
have bioactive antioxidant activity and have potential
to modulate the effects of cardiac disorders and prevent
PHS and ascites, the objective of the present study is to
evaluate the effect of different levels of HFE on electro-
cardiographic waves and cardiac parameters in broiler

chickens that have pulmonary hypertension due to
high altitude.

MATERIALS AND METHODS

Birds, Experimental Facility, and
Treatments

An experiment was performed in the experimental fa-
cility of Shahrekord University. The effect of different
levels of HFE on growth, electrocardiographic waves,
and cardiac parameters of pulmonary hypertensive
chickens were evaluated. A total of 225 Ross 308 one-
day-old unsexed broiler chicks (3 treatments with 5 rep-
licates and 15 chicks each, totally 75 birds/treatment)
were assigned across 15-floor pens randomly. All pens
had equal average BW (702 = 16 g). Birds were reared
at high altitude (2,100 m above sea level), and the
temperature of the experimental unit was set at 32°C
during week 1, then reduced at a rate of 3°C through
week 2 to week 4, and finally fixed at 22°C until the
end of the trial when the chickens showed an incidence
of PHS and ascites. All birds had free access to feed
and water, with 23-h light and 1-h dark period
throughout the trial. In accordance with the method
followed in similar studies (Hassanpour et al., 2005,
2008; Ahmadipour et al., 2015), hypoxia was defined
as reduced partial pressure of oxygen that occurs as
the altitude increases up to 2,100 m. Therefore,
compared with the sea level with partial pressure of
oxygen equal to 21%, the partial pressure of oxygen in
the mentioned experimental site was calculated to be
15.75%, and it is considered as the hypobaric hypoxia
condition which is likely to lead to the PHS and ascites
(Julian, 2000; Wideman et al., 2013).

For all experimental groups, a basal diet of corn—
soybean meal was formulated for starting (1-3 weeks of
age) and growing (3—6 weeks of age) periods according
to NRC (1994) recommendations. Experimental treat-
ments were prepared by adding 0.0, 0.1, and 0.2 ml of
HFE (HE 00152, Crataegus-Drop 6260) per liter of drink-
ing water (measured pH = 7.05, and total dissolved
solids = 2,000 ppm). The HFE contained 0.25 and
0.50 mg/L of total flavonoid compounds. In this way,
birds in 0.1-ml and 0.2-ml HFE groups received 0.05 to
0.10 mg of total flavonoid compounds daily. Crataegus
ozyacantha (common hawthorn) is an endemic member
of the Rosaceae family that grows in Europe, Africa,
and Asia, where it is commonly found as a shrub or small
tree 5 to 10 m tall (Chang et al., 2002). Hawthorn as a
traditional medicinal plant is a plant locally called
“Sorkh-e-valik or Zalzalak” that is found in western and
central regions of Iran (Salehi et al., 2009).

Oral Crataegus-Drop is a well-known herbal drug ther-
apy which is available at the pharmacy under an
approved code and supervision of the Iranian Food and
Drug Administration (HE 00152, Crataegus-Drop
6260). The flavonoid extract of this product contains bio-
logically active flavonoid compounds (polyphenols) such
as anthocyanidins and proanthocyanidins (also known as
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bioflavones or procyanidins). Each milliliter of oral
Crataegus-Drop 6260 contained 2.5 mg of total flavonoid
compounds in the form of hyperoside (21.4% polyphenols
and 19.7% procyanidins), produced by Iran Darouk
Pharmacy Co, under the production code of 3067-88-
02. Determination of total phenolic compounds in
Crataegus-Drop 6260 was carried out through the
colorimetric method in accordance with the standard
extraction procedure of the manufacturer (Ahmadipour
et al., 2017).

Electrocardiographic Assessments

At days 28 and 42 of the trial, 15 birds within approx-
imately 5% of the average pen BW from each treatment
were randomly selected and weighted, and ECG were
recorded using an automatic recorder (Cardimax FX-
2111, Fukuda, Co., Ltd, Japan), standardized at
10 mm/mV with a chart speed of 50 mm/s in accordance
with the descriptions of (Hassanpour et al., 2011 and
Hassanpour and Khadem, 2013). Neither sedation nor
anesthesia was used during the ECG recording. All the
procedures took place in an isolated room to minimize
stress in the birds. The birds were placed in ventral re-
cumbency on a wooden table covered with plastic. The
clip electrodes were attached to the propatagium of the
left and right wings and to the skin on the left and right
stifle joints. Alcohol was used to obtain good clip-to-skin
contact. The leads of II, III, augmented vector right
(aVR), and augmented vector foot (aVF) were recorded
for every chicken, and the amplitude of T, R, and S
waves as well as mean electrical axis (MEA) were also
measured.

Measurement of heart weight, right ventricle hyper-
trophy, and the determination of cardiac parameters
were performed after electrocardiography on selected
noneuthanized birds at an age of 28 and 42 D, in accor-
dance with the method introduced by (Hassanpour
et al, 2008, 2011). Briefly, selected birds were
euthanized and the heart was dissected from the body.
The atria were removed on the same plane of the
atrioventricular valves. Then, the total ventricles (TV)
were weighted. The RV wall was dissected from the
left ventricle and septum. The RV was weighted, and
the RV:TV ratio was calculated. The RV:TV is an
important  index  for  evaluating  pulmonary
hypertension. When the RV:TV is greater than 0.25, it
is considered as pulmonary hypertension (Ahmadipour
et al., 2015). Birds characterized by an accumulation
of abdominal fluid were defined as ascitic cases, other-
wise they were considered to be nonascitic birds
(Wideman et al., 2013).

Statistical Analysis

Results were analyzed using GLM of the SAS (2007;
SAS Institute Inc., Cary, NC) software in a completely
randomized design. Data were subjected to a nested
design when there was sampling effect within pens.
The statistical model was Yije = p+T; + €5 + g In

Table 1. Effect of HFE on electrocardiogram waves and MEA of
birds at 28 days of age™.

Drinking levels of hawthorn flavonoid extract (mL)

Leads Control (0) 0.1 0.2 SEM  P-value
R (mV)
II 0.22 0.17 0.18 0.03 0.623
111 0.18 0.16 0.14 0.03 0.548
aVR 0.09" 0.13 0.12*  0.02 0.014
aVF 0.19 0.17 0.18 0.04 0.704
S (mV)
I 0.24° 0.19%P 011> 0.04 0.001
I 0.25" 0.11° 012>  0.05 0.001
aVR 0.20 0.15" 0.16>  0.02  <0.021
aVF 0.18" 0.09” 011> 0.02 0.001
T (mV)
I 0.18* 0.13" 0.11° 0.02  <0.011
111 0.19* 0.16° 0.12°>  0.01 0.000
aVR 0.08 0.08 0.09 0.04 0.539
aVF 0.09 0.11 0.12 0.03 0.851
MEA (mV) 183.33 177.65 166.75 324 -

*bSuperscripts in the same row with different letters are significantly
different (P < 0.05). Each mean represents values from 15 observations.

Abbreviations: aVF, augmented vector foot; aVR, augmented vector
right; HFE, hawthorn flavonoid extract; MEA, mean electrical axis;
mV, milli-Volt; R, heart wave type R; S, heart wave type S; T, heart wave
type T.

this model, Y;; and Yj; are observations; p is the general
mean; Ti is the effect for being in treatment i; e; is
random error; and ¢y, is subsampling error. Significant
level was fixed as P < 0.05, and means were separated
by the Duncan multiple range test.

Ethical Considerations

This study was performed in accordance with the rec-
ommendations in the Guide for the Care and Use Com-
mittee of Shahrekord University in accordance with
international standards for care and use of animals. At
all stages of study, breeding operations were ethically
approved by the Ethical Review Committee of College
of Public Health and Medical Sciences of Shahrekord
University, Shahrekord, Iran. Owing to negative effects
of disturbance and environmental stress on heart waves,
electrocardiography was performed in a quiet place by
reducing stress in the environment.

RESULTS

Our results indicated unchanged R wave amplitude in
lead II, TI, and aVF (Table 1). But inversely, an
increased R wave amplitude in lead aVR of birds
consumed 0.1 or 0.2 ml of HFE was observed, which
was significant when compared with the control group
(P < 0.05). The S wave amplitude in leads II and III
was decreased for birds at 28 days of age that consumed
HFE at levels of 0.1 and 0.2 mL (P < 0.05). An increased
S wave amplitude in lead aVR and aVF was also
observed (P < 0.05). Decreased amplitude for leads II
and IIT were recorded in case of T wave significantly
(P < 0.05), but unchanged T wave amplitude in leads
aVR and aVF were observed.
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Table 2. Effect of HFE on electrocardiogram waves and MEA of
birds at 42 days of age™.

Drinking levels of hawthorn flavonoid extract (mL)

Leads Control (0) 0.1 0.2 SEM  P-value
R (mV)
I 0.22 0.23 0.21 0.03 0.711
I 0.21% 0.15" 0.16" 0.04  <0.023
aVR 0.09 0.12 0.13 0.02 0.552
aVF 0.19 0.17 0.18 0.04 0.811
S (mV)
I 0.34° 0.21° 0.19" 0.06  <0.039
101 0.25% 0.11° 0.12° 0.05  <0.041
aVR 0.20 0.15" 0.16" 0.02 0.001
aVF 0.21* 0.19* 0.14° 0.02 0.001
T (mV)
I 0.18* 0.13" 0.11° 0.02  <0.012
111 0.19* 0.16° 0.12° 0.01  <0.010
aVR 0.08 0.12 0.10 0.04 0.643
aVF 0.12 0.09 0.09 0.03 0.511
MEA (mV) 225.65 221.45 194.50  45.12 -

abSuperscripts in the same row with different letters are significantly
different (P < 0.05). Each mean represents values from 15 observations.

Abbreviations: aVF, augmented vector foot; aVR, augmented vector
right; HFE, hawthorn flavonoid extract; MEA, mean electrical axis;
mV, milli-Volt; R, heart wave type R; S, heart wave type S; T, heart wave
type T.

A reduced R wave amplitude in leads II and III was
recorded for birds that consumed 0.1 or 0.2 mL of HFE
which was significant only in lead III when compared
with the control group (P < 0.05; Table 2). The R
wave amplitude in lead aVR or aVF did not change
when compared with the control group. The S wave
amplitude in leads II, III, and aVR decreased for birds
at 42 days of age that consumed 0.1 or 0.2 ml of HFE
compared with the control group (P < 0.05; Table 2).
An increased S wave amplitude in lead aVF was
observed for birds that consumed 0.1 or 0.2 mL of
HFE (P < 0.05). Decreased amplitude of T waves in
leads of II and III were observed (P < 0.05), but the
changes of T wave amplitude in aVR and aVF were
not significant.

The effects of HFE on the MEA of broilers at 28 and
42 days of age are shown in Tables 1 and 2. No differ-
ences were observed between the experimental groups
at age of 28 or 42 D, but the level of MEA in the control
group was higher than that of HFE-supplemented
groups.

The effects of different levels of HFE at 42 days of age
on heart weight, ascites index (RV:TV ratio), and

relevant PHS indices are shown in Table 3. Birds that
consumed drinking water containing 0.1 and 0.2 mg/L
of HFE had a lower RV:TV ratio than the birds of the
control group (0 mg/L) (P < 0.05; Table 3). Observa-
tions of pulmonary hypertensive birds were greater in
the control group (P < 0.05; Table 3). In addition, inclu-
sion of HFE in broiler drinking water at both 0.1 and
0.2 mL/L reduced (P < 0.05) bird deaths associated
with PHS compared with the control treatment with
0 mg of HFE/L.

The effects of HFE on BW, right ventricle weight, and
TV weight and also on the ratio of RV:BW and TV:BW
are shown in Table 4. Broilers that consumed drinking
water containing 0.1 or 0.2 mg of HFE/L had a greater
BW but had lower RV and TV weights or RV:BW
and TV:BW ratio than the birds of the control group
(P < 0.05).

DISCUSSION

Modern genotype broiler chickens are highly suscepti-
ble to pulmonary hypertension syndrome due to high de-
mands on oxygen for metabolism to support growth and
performance efficiency (Izadinia et al., 2010;
Ahmadipour et al., 2015). Hypobaric hypoxia due to
high altitudes reduces the availability of atmospheric
oxygen for red blood cells passing through the lung
vessels and induces an increased load on the cardiac
system leading to increased arterial pressure on the
pulmonary vessels. Inordinate pulmonary arterial
pressure causes hypertrophy and subsequent dilation of
the right ventricle. Ultimately, imbalance between
cardiac output and capacity of the pulmonary vessels
to facilitate of blood flow result in an improper
elevated electrocardiogram owing to increased degree
of constriction (Julian, 2000; Wideman et al., 2013).
Hypoxia is the main factor that increases the
pulmonary vascular resistance and accelerates the
pathophysiological progression leading to PHS and
ascites (Hernandez, 1987).

Flavonoids and oligomeric proanthocyanidins of Cratae-
gus oxyacantha are biologically active polyphenols such as
anthocyanidins and proanthocyanidins (Chang et al.,
2002; Kirakosyan et al., 2003; Kao et al., 2005, 2007;
Barros et al., 2011). Extracts of hawthorn fruits, leaves,
or flowers are considered potent antioxidant and free

Table 3. Effect of HFE on RV:TV ratio and PHS indices of birds at 42 days of age™.

Drinking levels of hawthorn extract (mL)

Item Control (0) 0.1 0.2 SEM P-value
Heart (gram) 16.95 15.23 13.67 0.82 0.688
Heart (%) 0.73 0.61 0.53 0.05 0.596
RV:TV (ratio)' 0.32* 0.25' 022" 0.02 <0.030
Affected birds with Pulmonary 57.34" 44.66' 36.84° 3.85 0.001
hypertension (%)

PHS mortality (%) 28.72" 2232 1841 2.88 0.001

“Superscripts in the same row with different letters are significantly different (P < 0.05).
Abbreviations: HFE, hawthorn flavonoid extract; PHS, pulmonary hypertension syndrome, RV:TV,

right ventricle to total ventricle weight ratio.

"Mean represents values from 15 observations.
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Table 4. Effects of HFE on BW and cardiac parameters of birds at
42 days of age®.

Drinking levels of hawthorn extract (mL)

Item (gram) Control (0) 0.1 0.2 SEM  P-value
BWP" at 28 day  1,160.3" 1,212.28%  1249.7°  33.84 <0.011
BWat 42day  2,323.3°  2497.2°  2579.4° 5842  0.001
RV® 3.19" 2.21° 1.91° 023 0.001
V! 9.98* 8.99" 877" 0.35 0.001
RV/BW (%) 0.14* 0.09" 0.07°  0.01 0.000
TV/BW (%) 0.43* 0.36" 0.34>  0.02  0.000

*PeQuperscripts in the same row with different letters are significantly
different (P < 0.05).

Abbreviations: RV, right ventricle; TV, total ventricle.

"Mean represents values from 15 observations.

radical scavengers, owing to the impact of epicatechin,
hyperoside, and chlorogenic acid compounds (Chang
et al., 2002; Barros et al., 2011). These compounds are
reported to have many pharmacological effects, including
neuroprotective, hepatoprotective, cardioprotective, and
nephroprotective effects (Chang et al., 2002; Kirakosyan
et al., 2003).

In accordance with the results of this study, the pro-
portion of heart weight and RV:TV ratio as well as S
and T wave amplitudes of electrocardiogram were
reduced as the supplementation level of HFE increased
in drinking water from 0 to 0.2 mL per liter. Decreased
development of pulmonary hypertension observed in
experimental groups of this study is as a result of reduc-
tion in the number of factors including RV:TV, RV:BW,
and TV:BW ratios.

Xiang et al. (2002) reported that some of cardiac pa-
rameters such as RV:TV decreased during the supple-
mentation of vitamin C as an antioxidant in pulmonary
hypertensive chickens, but Teshfam et al., 2006 showed
that cardiac indices increased in situations in which
cold temperature induced pulmonary hypertension.
Hassanpour et al., 2009 reported that RV:TV and
RV:BW decreased when citric acid was supplemented
at levels of 0.5, 1.0, and 1.5 g per liter of drinking water.

Because of low oxygen concentration at high altitudes,
the heart pumping activity increases, which in turn
reflects on increased relative weight of the heart for

Figure 1. Overall view of an ascetic chicken.

Figure 2. A heart with an enlarged ventricles.

greater oxygenation (Izadinia et al., 2010). An subse-
quent increase in the RV:TV ratio and heart wave
amplitudes reflects the hypertrophy of the RV wall (S
wave) which can be directly linked to increased pulmo-
nary arterial pressure (Hassanpour et al., 2009;
Hassanpour and Khadem, 2013; Wideman et al.,
2013).  Increased pulmonary arterial pressure
theoretically can be related to increase in cardiac
output and/or be accompanied by a pulmonary
vascular resistance. The RV:TV ratio can be as an
important index to express the severity of pulmonary
hypertension in broiler chickens (Hassanpour et al.,
2005; Izadinia et al., 2010). Therefore, in accordance
with this index, the results of the present study
suggested that HFE in drinking water of broilers could

Figure 3. Comparison between a normal heart (top) with an ascetic
heart (bottom).
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reduce pulmonary hypertension, in agreement with the
findings by Ahmadipour et al., 2015 (Figures 1-3).

An elevation of T and S waves occurs in cold-induced
pulmonary hypertensive broilers (Owen et al., 1995;
Martinez et al.,, 1997; Hassanpour et al., 2005).
Dilation and hypertrophy of the ventricles are the
primary cause of the increased S wave amplitude
(prolonged ventricular depolarization) (Hassanpour
et al., 2005, 2011) It was shown in the present study
that the amplitude of the S and T waves decreased
during consumption of HFE at both 28 and 42 days of
age. Therefore, it is suggested that broilers orally
receiving HFE supplementation have a lower rate of
ventricular hypertrophy and dilation.

Flavonoids are precursor of the most antioxidant
agents that act as the key pulmonary vasoprotectives
against oxidative stress and modulator of vasodestruc-
tion (Chang et al., 2007; Prochazkova et al., 2011)
Flavonoids improve endothelial function (Brixius et al.,
2006), decrease blood pressure, and improve vasocon-
striction (Prochazkova et al., 2011). In accordance
with recent research findings, an important mechanism
by which flavonoids may exert health benefits is modula-
tion of calcium homeostasis and cell signaling via Ca®"-
ATPase (Horakovd, 2011). Flavonoids have been
suggested to exert health benefits through different anti-
oxidant mechanisms and metal chelators and also have
been recognized to possess anti-inflammatory and anti-
carcinogenic activities (Chang et al., 2007; Liu et al.,
2011; Surai, 2014).

Adding HFE to broiler drinking water protects the
vascular system and facilitated normal pulmonary vaso-
dilation in response to large increases in blood flow and
modulated the pulmonary hypertension and restricted
the increase in the pulmonary arterial pressure including
cardiac load—associated hypertrophy specified by an
elevated RV:TV ratio and accelerated rates of blood
flow through the lungs (Hassanpour et al., 2005;
Wideman et al., 2013). In the present study, using
HFE in drinking water of broilers considerably
decreased the proportion of the heart weight which be
the reason for the reduced RV:TV ratio and
consequently reduced pulmonary hypertension as well
as heart wave amplitudes.

CONCLUSION

In conclusion, supplementation of HFE particularly at
the level of 0.2 ml/L in drinking water can help prevent
cardiac disorders including arrhythmia, increased pul-
monary arterial pressure, and cardiac hypertrophy as a
result of PHS and ascites in hypertensive broiler
chickens. Positive effects of HFE on electrocardiographic
waves and cardiac parameters are attributed to cardio-
tropic, vasodilatory, and antioxidant actions of HFE
that mediated through flavonoid bioactive compounds.
Therefore, in accordance with the positive effects on
physiological responses, reduced mortality, and better
performance, using HFE at the level of 0.2 ml/L of drink-
ing water is an effective prophylaxis of pulmonary

hypertension and cardiac disorders in broiler chickens
reared at high altitude.
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