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INTRODUCTION

The cardiac reserve concept describes the
ab i l i ty  o f  the  hear t  to  ad jus t  to  demands
placed upon it .  Cardiac reserve mechanisms
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are numerous and include those that enhance
card iac  ou tpu t  components ;  hear t  ra te ,
stroke volume and contracti l i ty,  as well  as,
those  tha t  modula te  myocard ia l  energe t ics
and vascular  capaci ty.
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The importance of the cardiac adrenergic
reserve  i s  ev iden t  as  much  of  the
cardiovascular response to stress is mediated
by  the  sympathe t ic  nervous  sys tem.
Furthermore,  adrenergic  responsiveness  has
been shown by all the intrinsic properties of
the  ca rd iac  musc le .  In  fac t  the  ca rd iac
adrenerg ic  reserve  cons t i tu tes  an  essen t ia l
mechanism to  increase  the  ca rd iac
per formance  in  mos t  o f  the  s i tua t ions
charac te r ized  by  augmented  c i rcu la to ry
demands  (1) .  In  add i t ion ,  a l t e ra t ion  in
adrenergic receptor/signal pathways has been
impl ica ted  in  models  o f  reduced  card iac
func t ion ,  such  as  hyper tens ion  (2 ,  3 )
coronary heart disease and heart failure (4),
and obesity (5).

L ikewise ,  the  exper imenta l  changes  in
mechanica l  per formance  of  the  i so la ted
hear t s  in  response  to  p rogress ive ly
increas ing  doses  o f  i sopro te renol  ( ISO)
infus ion ,  the  wel l  known β -adrenerg ic
stimulant, reflect the intrinsic ability of the
hearts to enhance it  performance to manage
stressful conditions. Multiple functional data
could be extruded from the study of the ISO
dose- response  curves .  An  increase  in  the
maximal  response  and the  ca lcula ted  de l ta
change from the pre-infusion level of a given
cardiac t rai t ,  ref lect  an increase in cardiac
reserve  for  th is  proper ty .  Moreover ,  sh i f t s
in the dose response curve,  reflect  changes
in  myocard ia l  adrenerg ic  respons iveness .
Whi le ,  an  ea r l i e r  response  to  lower  ISO
doses (left-shift) reflects increased adrenergic
respons iveness ,  a  main ta ined  response  to
h igher  doses  ( r igh t - sh i f t )  ind ica tes  be t te r
to lerance  to  adrenerg ic  s t ress .

The black seed, Nigella sativa (N. sativa)
is a member of the family of Ranunculaceae,

and  commonly  grows  in  the  Middle  Eas t ,
Wes te rn  As ia  and  Europe .  In  the  Arab
countries, it is called “Al Habbah Al-Sawda”,
or “Habbet- elbaraka” and in Asian countries
it is known as “Klonji”. It has been used for
ages  for  var ious a i lments  in  folk medicine
and  a  number  o f  pharmaco- therapeut ic
effects of N. sativa and its active ingredient,
thymoquinone,  have been demonstrated (6) .

In  a  cur ren t  s tudy ,  per formed in  th i s
labora tory ,  long- te rm (2  months )  d ie ta ry
supplementat ion with  N. sat iva  ext ract  has
shown a  favorab le  advantage  on  some
intrinsic properties of the heart.  In addition
to  induc t ion  of  a  homogenous  card iac
hyper t rophy ,  the  base l ine  mechanica l
ac t iv i ty  of  the  i so la ted  per fused  hear t s  of
these rats demonstrated an enhanced cardiac
inotropy suggesting that the cardiac trophic
response  to  N.  sa t iva  was  a  phys io log ica l
type  of  hyper t rophy  (7) .  In  the  p resen t
s tudy ,  one-month  dura t ion  of  N.  sa t iva
administration was adopted to investigate the
possibili ty of earlier cardiac responses with
shorter  courses of  Nigella  supplementat ion.
In  add i t ion ,  no t  on ly  the  base l ine  ca rd iac
per formance  of  the  i so la ted  hear t s  was
assessed  bu t  a l so  the  chronot rop ic  and
ino t rop ic  rese rve  mechanisms  in  response
to  in  v i t ro  ca rd iac  s t ress  by  the  be ta
adrenoceptor  agonist  isoproterenol  (ISO).

MATERIAL AND METHODS

Animal  mode l

Thir ty  normal  adul t  Wistar  a lbino male
rats were obtained from the animal house of
the  Col lege  of  Medic ine ,  King  Fa isa l
University.  Their weights ranged from 150–
250  gm.  The  an imals  were  housed  a t
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a l lowed  to  s tab i l i ze  fo r  approximate ly  20
minutes. The perfusion fluid was a modified
Krebs-Henseleit bicarbonate buffer of pH 7.4
equilibrated with O

2
:CO

2
 (95:5) at 37°C and

conta in ing  ( in  mM):  NaCl :  118 ,  KCl :  4 .7 ,
CaCl

2
 2.5, MgSO

4
 1.2, KH

2
PO

4
 1.2, NaHCO

3

25, Na
2
EDTA 0.5, and Dextrose 11.

Isola ted  perfused hear t  prepara t ion was
allowed to stabilize for 15 minutes prior to
recording the  basel ine  values  of  hear t  ra te
(HR) developed peak tension (PT), maximum
rate of tension development (dp/dt

max
) ,  t ime

to peak tension (TPT),  and half  re laxat ion
t ime  (HRT) .  TPT was  measured  as  the
time from the onset  of contracti le response
to the peak of  developed tension and HRT
was  measured  as  the  t ime  requi red  for
tension to fall  from its peak to 50% of the
re sponse .

I soprotereno l  dose -response  curves

Isoproterenol  ( ISO) was di luted,  by the
same buffer  used to perfuse the heart ,  and
infused  jus t  above  the  aor t i c  cannula  by
means  of  a  Min ipu ls  3  per i s ta l t i c  pump
(Gilson).  The original dose of isoproterenol
was 0.00005 mg/ml in the container of  the
pump.  The  pump speed  was  increased
sequent ia l ly  to  reach  the  fo l lowing
concentrations in the preparation: (0.7,  1.4,
2.6,  4,  5.4) ×10–4 mg/ml.  The total  duration
of  in fus ion  for  each  concent ra t ion  was  3
minutes .  Reported values  were  the  average
measurements  t aken  dur ing  the  f ina l  20
seconds of  each 3 minute  per iod when the
func t ion  had  s tab i l i zed .  Dose  response
relat ions were constructed by assessing the
chronot rop ic  and  con t rac t i l e  responses  to
incremental  concentrat ions  of  ISO.

cont ro l led  room tempera ture  o f  22°C and
allowed free access to water and laboratory
chow. Body weight determination was done
weekly for each rat,  to adjust the oral dose
of  N.  sa t iva .  The  s tudy  was  per formed
according to the inst i tut ional  rules of King
Faisa l  Univers i ty  cons ider ing  an imal
e x p e r i m e n t s .

Ra ts  were  d iv ided  equa l ly  in to
exper imenta l  and  con t ro l  ra t s .   Nige l la -
treated rats received a daily oral dose of 800
mg/kg  of  N.  sa t iva .  Th is  dose  has  been
chosen  because  i t  cor responds  to  the
submaximal dose of thymoquinone producing
hypotens ive  e f fec t  in  ra t s  (8 ) .  The  seeds
(10 g)  were  grounded and the  powder  was
added to  d is t i l led  water  (100 ml)  a t  room
tempera ture  to  prepare  a  c rude  suspens ion
of 100 mg N. sativa/ml water, a few minutes
before  each  feed ing .  The  vo lume of  the
suspens ion  needed  to  supply  the  requ i red
dose  of  N.  sa t iva  was  g iven  da i ly  for  the
exper imenta l  g roup  th rough  an  orogas t r i c
feeding. An equivalent volume of water was
admin is te red  by  an  orogas t r i c  tube  to  the
cont ro l  ra t s .

I so la ted  perfused  heart  preparat ion

After  one  month  of  N.  sa t iva  o ra l
supplementa t ion each ra t  was  weighed and
in jec ted  in t raper i tonea l ly  wi th  5000  IU
hepar in  sod ium.  Ra ts  were  anaes the t ized
with intraperitoneal phenobarbital (40 mg/kg,
body weight). Through a thoracic incision the
hear t  was  exc i sed  and  mounted  on
Langendorff preparation. The heart was then
per fused  in  a  Langendor f f  p repara t ion  as
descr ibed  before  (9 ) .  Af te r  in i t i a t ing
re t rograde  hear t  pe r fus ion ,  the  hear t  was
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the basal values, for heart rate (HR) showed
no significant difference between the hearts
of N. sativa  treated rats and their matching
controls  (Table I) .   The ISO-dose response
curves (Fig. 1) showed a significant decline
in  HR a t  h igher  ISO doses  in  the  cont ro l
group  bu t  the  hear t s  o f  N .  sa t iva  t r ea ted
rats maintained their HR even at the highest
dose of ISO.

TABLE I : Ef fec t  o f  g raded  i sopro te reno l  in fus ion  on  hea r t s  i so la ted  f rom one  month
N. sativa  t reated rats compared to their  controls on Langendor f f  p repara t ion .

Base l ine  ac t i v i t y M a x i m u m Del ta  change

C o n t r o l N .  sa t i va C o n t r o l N .  sa t i va C o n t r o l N .  sa t i va

HR (bpm) 2 5 8± 1 4 2 7 2± 1 7 3 2 7± 1 7 3 7 2± 1 7 8 0± 1 8 9 5± 1 2
PT (gms) 0 . 4 6± 0 . 0 7 1 .4± 0 .21* 1 . 0 7± 0 . 1 2 2 . 5 5± 0 .36* 0 . 6 1± 0 . 1 3 1 . 1 6± 0 .19*
dp/d t

max  
(gm/sec) 9 . 1 5± 1 . 0 5 3 1 . 4± 5 . 4 * 1 4 . 2± 1 . 9 6 5 2 . 8± 10 .4* 5 . 2 7± 1 . 6 2 2 3 . 7± 8 .12*

TPT (msec) 1 0 1± 7 7 4± 6 * 7 9± 7 5 9± 6 * 2 8± 9 1 4± 6
HRT (msec) 6 1± 3 5 5± 4 4 6± 4 4 1± 3 1 6± 3 1 4± 3

Hear t  r a t e  (HR) ,  peak  t ens ion  (PT)  deve loped ,  max imum ra te  o f  t ens ion  deve lopment  (dp /d t
max

) ,  t ime
to  peak  t ens ion  (TPT)  and  ha l f  r e l axa t ion  t ime  (HRT) .  Con t ro l  r a t s :  n=13 ,  Nige l l a - t r ea ted  ra t s :  n=13 .

Da ta  a re  p resen ted  as  mean±SEM;  *P<0 .05 .

Heart  we ights

The  hear t  was  c leaned  f rom fa t  and
f ibrous  t i s sue ,  and  dr ied  wi th  f i l t e r  paper
before determining the weight of the whole
heart and the left  ventricle.  Cardiac indices
were  ca lcu la ted  as  ra t io  o f  whole  hear t
weight/body weight  (HW/BW), and rat io of
le f t  ven t r icu la r  weigh t /whole  hear t  we igh t
(LV/HW).

Data  ana lys i s  and  s ta t i s t i c s

For  the  s ta t i s t i ca l  eva lua t ion  of  the
results, we used Statistical Package for Social
Sciences (SPSS) version 10 for windows. All
da ta  were  expressed  as  mean±SEM.
Unpai red  ‘ t ’  t es t s  were  done  to  de termine
differences between experimental  group and
the control  group.   Paired sample ‘ t ’  tes ts
were  used  to  de te rmine  the  d i f fe rence  in
respect ive preinfusion values and values at
d i f fe ren t  doses  fo r  d i f fe ren t  var iab les  fo r
both the experimental and control groups. A
P-value of <0.05 was considered statistically
signif icant .

RESULTS

The  base l ine  va lues ,  the  maximal
response to isoproterenol (ISO) and the delta
change, difference between the maximal and
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Fig .  1 : Dose  response  curve :  E f fec t  o f  g raded
isoproterenol  infus ion  on  hear t  ra te  (HR)  of
hear t s  i so la ted  f rom one  month  Nige l la -
t r ea ted  ra t s  (n=13)compared  to  the i r
con t ro l s  (n=13) .

*P<0 .05 ,  compared  to  p re in fus ion  va lue .
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DISCUSSION

The basel ine  contract i le  ac t iv i ty  of  the
hearts isolated from Nigella-treated rats was
s ign i f ican t ly  h igher  than  the i r  matched
cont ro l  ra t s .  Th is  was  mani fes ted  by
signif icant  increases in the developed peak
tension (PT) and the maximal rate of tension
generation per unit time (dp/dt

max
),  which is

a  be t te r  index  of  myocard ia l  con t rac t i l i ty
(10).  When these hearts were perfused with
progressively increasing doses of ISO, they
showed s ign i f ican t ly  h igher  maximal
inotropic response and reserve.  The resul ts
of the dose response curves of the hearts of
Nige l la - t rea ted  ra t s  showed a  l e f t  sh i f t
ind ica t ing  an  enhanced  PT and  dp /d t

max

responsiveness to lower ISO doses.

Whi le  the  t ime  to  peak  tens ion  (TPT) ,
an  index  for  the  dura t ion  of  the  ca rd iac
contraction phase, was significantly enhanced
in  hear t s  o f  Nige l la - t rea ted  ra t s ,  the  ha l f
relaxat ion t ime (HRT),  which indicates  the
duration of the cardiac relaxation phase, was
not  s ign i f ican t ly  changed .  The  se lec t ive
enhanced  ino t rop ic  e f fec t s  o f  N.  sa t iva
adminis t ra t ion wi thout  a  paral le l  lus i t ropic
effects could be explained by the independent
mechanisms of  the  ventr icular  systol ic  and
dias to l ic  func t ions .  Some inves t iga tors
expla ined  the  d issoc ia t ion  of  inot ropy and
lus i t ropy  by  spec i f ic  phosphory la t ion  of
dif ferent  regula tory prote ins  that  dr ive  the
contract i le  machinery (11).

In  cont ras t  to  the  increased  cont rac t i le
per formance  of  the  i so la ted  hear t  o f  the
Nige l la - t rea ted  ra t s ,  ne i the r  the i r  base l ine
hear t  r a tes  nor  the i r  hear t  r a te  responses
to ISO were enhanced. These results denote
the  se lec t ive  ac t ion  of  N.  sa t iva  on  the
inotropic properties of the heart and exclude
the  poss ib i l i ty  o f  rec ru i tment  o f  fo rce-
frequency relationship as in explanation for
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Fig .  5 : Dose  response  curve :  E f fec t  o f  g raded
i sopro te reno l  in fus ion  on  ha l f  r e l axa t ion
t ime  (HRT)  o f  hea r t s  i so la ted  f rom one
month  Nige l la - t r ea ted  ra t s  (n=13)  compared
to  the i r  con t ro l s  (n=13) .

*P<0 .05 ,  compared  to  p re in fus ion  va lue .

TABLE I I : Effect  of  N. sat iva  ora l  supplementa t ion
fo r  one  month  on  body  we igh t  (BW)
and  hea r t  we igh t  (HW),  l e f t  ven t r i cu la r
weight  (LV) and cardiac  weight  indices .

C o n t r o l N .  sa t i va
(n=13) (n=13)

BW (gm) 2 5 0± 6 2 5 3± 5
HW (mg) 9 1 9± 3 5 1 0 7 7± 4 4 *
HW/BW (mg/gm) 3 .7± 0 . 1 5 4 . 2 6± 0 .16*
LV (mg) 6 6 7± 2 3 7 5 6± 2 6 *
LV/HW (mg/mg) 0 . 7 3± 0 . 0 2 0 . 7 1± 0 . 0 2

Data  a re  p resen ted  as  mean±SEM,  *P<0 .05 .

change  in  body  weigh t  o f  s tud ied  ra t s
compared to their controls. The whole heart
(HW) and the left  ventricular (LV) weights
as  wel l  as  the  HW/BW ra t io  were
signif icant ly  increased in  N. sat iva  t rea ted
ra t s .  Th is  inc rease  in  hear t  we igh t  had
involved all cardiac chambers as evident by
the non-significant changes in LV/HW ratio.
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the  enhanced inot ropic  reserve .

The  d i ssoc ia t ion  be tween  the  ino t rop ic
and  chronot rop ic  e f fec t s  Nige l la  r e f lec t
d i ssoc ia t ion  of  the  mechanica l  and  the
electric properties of the cardiac muscle and
could be explained by a selective effect  of
Nigella on the contractile (working) cells rather
than the  pace-maker  cel ls  of  the  hear t .

The functional dissociation in the latency,
direct ion,  and magnitude of  changes in the
in t r ins ic  ca rd iac  p roper t i es  has  been
repeatedly demonstrated in experimental and
cl inical  s tudies  by various pharmacological
and  pa thophys io log ica l  in te rven t ions .  E l -
Bahai et al (12) reported a selective decrease
in  peak  tens ion  development  in  the  hear t s
i so la ted  f rom envenomenta ted  ra t s  desp i te
non-signif icant  changes in  chronotropy and
myocard ia l  f low ra te .  Fur thermore ,  Ayobe
e t  a l  (13)  repor ted  an  enhanced  card iac
inotropy following exercise program in rats
which was associated with  reduced cardiac
chronot ropy .  Upon  de- t ra in ing  the  hear t s
were de-conditioned with earlier loss of the
resting bradycardia but with preservation of
the  exerc i se - induced  enhanced  ino t ropy .
S imi la r ly ,  reduced  hear t  ra te  responses  to
ISO,  despi te  enhancement  of  o ther  indices
of  ven t r icu la r  sys to l ic  per formance  were
observed  a f te r  exerc i se  t ra in ing  in  human
subjects (14) and experimental animals (15).

The dissociation of inotropic effects of N.
sa t iva  f rom the  lus i t rop ic  e f fec t s ,  on  one
hand, and the inotropic from the chronotropic
effect, on the other hand, may be attributed
to different  cardiac adrenoceptors subtypes,
p roper t i es ,  d i s t r ibu t ion  and  regu la t ion
(16 ,  17) .  Whi le  B1  adrenerg ic  s t imula t ion
enhances  bo th  ino t rop ic  and  lus i t rop ic
proper t i es  o f  the  ven t r ic le  B2  adrenerg ic
stimulation was associated with less inotropic
and not lusitropic effects (18). Xiao et al (19)

sugges ted  tha t  B2  adrenerg ic  recep tor
stimulation activates an additional phosphate
that offset the protein kinase A activity and
subsequent  phosphoryla t ion  of  the  ce l lu la r
regula tory  pro te ins .

The  hear t s  o f  Nige l la - t rea ted  ra t s
deve loped  a  modera te  bu t  s ign i f ican t
hypertrophy that was evident by an increase
in  the  hear t  we igh t  to  body  weigh t  ra t io
(HW/BW).

Cardiac hypertrophy is the major reserve
mechanism by which the heart  can augment
i t s  ou tpu t  in  the  face  o f  increased
physiological  or  pathological  hemodynamic
demands .  To  execu te  th i s  response ,  the
myocardium is equipped with a large number
of  neurohumora l  and  in t race l lu la r  reac t ive
cascade systems (20).  Most of hypertrophic
s t imul i  b ind  to  membrane  recep tors  tha t
ac t iva te  var ious  in t race l lu la r  cascades  o f
pro te in  k inases .  Di f fe ren t ia l  ac t iva t ion  of
these  pathways leads  to  dis t inct ive  cardiac
phenotypes  (21) ,  whi le  phys io log ica l
hyper t rophy  s igna l ing  pa thways  promote
pro te in  syn thes i s ,  myocytes  s ize  and
enhanced systolic function with no evidence
of  h i s topa tho logy  (22) .  In  con t ras t ,
pathological hypertrophy signaling pathways
depress  con t rac t i l i ty  and  the  response  to
beta-adrenergic st imulation (23,  24).

In  conc lus ion ,  the  observed  Nige l la -
induced  card iac  hyper t rophy  in  th i s  s tudy
was  assoc ia ted  wi th  increase  in  ca rd iac
ino t rop ic  p roper t i es  a t  the  base l ine
conditions as well as upon cardiac stress by
be ta -adrenerg ic  s t imula t ion ;  which  favors
the  sugges t ion  tha t  i t  i s  a  phys io log ica l
hyper t rophy  s imi la r  to  tha t  induced  by
exerc i se  t ra in ing .  Fur ther  research  to
probe  th i s  assumpt ion  and  to  exp lore  the
sustainability of these effects after withdrawal

of Nigella  supplementat ion is  suggested.
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