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Cytotoxic free radicals and release of several neurotransmitters such as bradykinin contribute to the
pathogenesis of hypoxic-ischemic brain damage. We have studied the efficacy of noscapine, an opium
alkaloid and a bradykinin antagonist, in reducing post-hypoxic-ischemic damage in developing brain of
7-d-old rat pups. Hypoxic-ischemic injury to the right cerebral hemisphere was produced by legation of
the right common carotid artery followed by 3 h of hypoxia with 8% oxygen. Thirty to 45 min before
hypoxia the rat pups received noscapine (dose = 0.5–2 mg/kg) or saline. Pups were scarified at 24 h
post recovery for the assessment of cerebral damage by histological methods.

Our results showed that noscapine was an effective agent in reducing the extent of brain injury
after hypoxic-ischemic insult to neonatal rats. Therefore, it is concluded that noscapine may be a useful
drug in the managements of patients after stroke.
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Noscapine is an isoquinoline alkaloid found in opium (1). Unlike most other alkaloids
obtained from the opium latex, this drug is devoid of any significant analgesic, sedative
or euphoric effects generally associated with this group of drugs. Although recently, this
drug was shown to be an inducer of apoptosis in some cell lines (5), the only important
clinical effect associated with noscapine is its antitussive activity (1, 5).

Opioid antitussive drugs can suppress cough (2) by acting on either the opioid
receptors on the airway sensory nerves or the opioid receptors located in the CNS.
Agonists of the µ, σ and δ opioid receptors are believed to have central antitussive
effects (3, 4). However recent work in our laboratory (10) has shown noscapine to be an
effective antitussive agent especially when cough is caused by ACEIs and bradykinin
agonist FR190997 (11).
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It has been reported that bradykinin and other kinins play a role in various types of
neuronal injury (4). Therefore, this suggests that bradykinin antagonists may be
clinically useful in the therapeutic management of neurosurgical patients (5, 6). Recent
work in our laboratory on the contractile effects of bradykinin on the guinea pig ileum
showed noscapine to be a non-competitive inhibitor of this peptide (9). Therefore, the
present work was carried out to study the effect of noscapine in reduction of brain
injury after hypoxic-ischemic insult using neonatal rats as a model of brain edema.

Materials and methods
Hypoxic-ischemic insult to the right cerebral hemisphere of 7-d-old rat pumps was
introduced as described by Palmer et al. (6), briefly: 7-d-old rat pups of either sex,
weighing 12–18 g were anaesthetized using ether. The right common artery of each pup
was ligated with 4–0 surgical silk thread. The wound was then sutured and the animal
allowed to recover for 5 min. Pups from mixed litters were then randomly divided into
four groups. Animals in normal (control) group did not have any surgery or hypoxic
insult. Group I received an injection of only normal saline (0.1 ml) given i.p. while
groups II–IV received 0.5, 1.0, and 2.0 mg/kg of noscapine in normal saline (0.1 ml).
The pups in groups I–IV underwent hypoxic-ischemic insult. Pups were return to their
dams for 2 1/2 h rest and then they were placed in jars in which a mixture of 8% oxygen
and 92% nitrogen was continuously circulated. The jars were partially submerged in a
37 °C water bath to maintain a constant thermal environment. Air temperature in the jar
was measured to be 35 °C. After 3 h of hypoxia, the jars were opened to room air and
the surviving pups were returned to their dams for 24 h. Animals were killed and the
amount of injury was assessed histologically. Rats in the control group did not have any
surgical treatment.

Histological assessment
For assessment of the extent of edema or ischemia, the whole brain was removed and
put into formalin for 3 days, molded in paraffin and 10 µm slices were prepared by a
fine microtome. Slides were stained by H&E and viewed under light microscope by a
trained pathologist and the degree of edema was assessed according to Rice et al. (12)
as follows:

Grade 0 = no visible swelling, grade 1 = slight swelling, grade 2 = moderate
swelling, grade 3= marked swelling.

Similarly the degree of ischemic neural damage was graded (12) as follows:
Grade 0 = normal, grade 1 = a few neurons damaged, grade 2 = a moderate number

of neurons damaged, grade 3 = the majority of neurons damaged, grade 3*= infarction.
Noscapine was a gift from Temad-DP Pharmaco-chemical Company, Tehran, Iran.

Other drugs were of analytical grade or higher.
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SPSS package was used to carry out student t-test on the grades of edema and 
ischemia.  

Results 

It was found that hypoxic-ischemic insult could produce some degree of edema or 
ischemic injury in neonatal rats which could be prevented by an injection of 
0.5–2 mg/kg of noscapine (Figs 1 and 2) The relationship between the extent of injury 
and dose is shown in Figs 1 and 2. It was found that the effect of noscapine on 
prevention of such insult was more pronounced in the cortex (Figs 1 and 2). 
Representative histograms of normal brain of neonatal rats, brain of rats after hypoxic-
ischemic insult and the brain of rats treated with noscapine (1 mg/kg) after hypoxic-
ischemic insult are shown in Fig. 3 (A to C, respectively). 

 

Fig. 1. Effect of noscapine treatment on edema. The injury was evaluated by histological method and graded 
as described in the text. Each region was compared with the similar region (cortex: black column, basal 
ganglia: shaded column) of the control group. + Significant difference (p>0.05) with the cortex of control 
group. * Significant difference (p>0.05) with the cortex of insulted group. x Significant difference (p>0.05) 
with the basal ganglia of the control group. ** Significant difference (p>0.05) with the basal ganglia of the 
 insulted group 
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Fig. 2. Effect of noscapine treatment on ischemia. The injury was evaluated by histological method and 
graded as described in the text. Each region was compared with the similar region (cortex: black column, 
basal ganglia: shaded column) of the control group. + Significant difference (p>0.05) with the cortex of 
control group. * Significant difference (p>0.05) with the cortex of insulted group. x Significant difference 
(p>0.05) with the basal ganglia of the control group. ** Significant difference (p>0.05) with the basal ganglia 
 of the insulted group 

 
A B                      C 

Fig. 3. Representative histograms of normal rat brain (A), of rat brain after ischemic-hypoxic insult (B), 
and of rat brain treated with noscapine (1 mg/kg) after ischemic-hypoxic insult (C) 
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Discussion
The hypoxic-ischemic model used in the present study was developed by Rice et al.
(12). The model has the advantages of inducing highly reproducible brain damage in
spontaneously breathing animals, with low mortality rate, and in the absence of
convulsions or cardiopulmonary complications for at least the first 50 h of survival. The
model is also inexpensive and relatively simple to prepare, so that large numbers of
predictably brain-damaged animals can be produced for study of drugs.

It was found that noscapine which is used clinically as an antitussive drug can
decrease the extent of edema after hypoxic-ischemic insult in neonatal rats. Work
carried by Mahmoudian et al. (9), suggested that in the guinea pig ileum, noscapine
acted as a noncompetitive antagonist of bradykinin. Also our previous work in guinea
pigs showed that noscapine could effectively prevent cough reflexes induced by
enalapril and captopril, two ACEIs. It is thought that bradykinin is involved in the
production of brain edema and bradykinin antagonists are reported to be able to prevent
it. It has been shown that drugs with B2 antagonistic activity could reduce the extent of
brain edema (2, 11). Considering the tussive and contractile effects of bradykinin, it is
expected that noscapine can decrease edema and brain damage after ischemic-hypoxic
enjury. Our results clearly demonstrate that noscapine, at doses which inhibited the
cough reflex in guinea pig (4), could effectively prevent the extent of brain edema after
hypoxic-ischemic insult. However, it remains to be seen if noscapine is also effective in
other types and models of edema. It is interesting to note that effect of noscapine was
reduced at higher doses. A finding which was reported by Zausinger et al. (13) also for
LF 16-0687 Ms, another bradykinin B2 receptor antagonist.

The present results provide evidence for a role of kinins in secondary brain damage
evolving from ischemic-hypoxic insult in neonatal rats and effectiveness of bradykinin
antagonists such as noscapine to enhance the neurological recovery.

Acknowledgement
Authors would like to thank Mr. K. Zohrevand and Miss M. Mahmoudian for their technical assistance, Dr. S.
A. Ebrahimi for reading the paper prior to publication and his useful suggestions and Mrs. F. Yazdani for her
encouragement during the course of this study.

REFERENCES

1. Karlsoon MO, Dahlstrom B, Eckernas SA, Johansson M, Tufvesson-Alm A: Pharmacokinetics of oral
noscapine. Eur. J. Clin. Pharmacol. 39, 275–279 (1990)

2. Bolser DC, Aziz SM, DeGennaro FC, Kreutner W, Egan RW, Siegel MI, Chapman RW: Antitussive
effects of GABAB agonists in the cat and guinea-pig. Br. J. Pharmacol. 110(1), 491–495 (1993)

3. Kamei J, Iwamoto Y, Misawa M, Nagase H, Kasuya Y: Antitussive effect of beta-endorphin is mediated
by mu-opioid receptors, but not by kappa- or epsilon-opioid receptors. Eur. J. Pharmacol. 233, 251–254
(1993)



318 M Mahmoudian et al.

Acta Physiologica Hungarica 90, 2003

4. Francel CP: Bradykinin and neuronal injury. J. Neurotrauma 9 (suppl. 1), 827–845 (1992)
5. Ke Y, Ye K, Grossniklaus HE, Archer DR, Joshi HC, Kappa JA: Noscapine inhibits tumor growth with

little toxicity to normal tissues or inhibition of immune responses. Cancer Immunol. Immunother. 49
(4–5), 217–225 (2000)

6. Palmer Ch,Vannucci RC, Towfighi J: Reduction of prenatal hypoxic-ischemic brain damage with
allopurinol. Pediatric Res. 27, 332–336 (1990)

7. Relton JK, Beckey VE, Hanson WL, Whalley ET: Cp-0597, a selective bradikinin B2 receptor
antagonist, inhibits brain injury in a rat model of reversible middle cerebral artery occlusion. Stroke
28(7), 1430–1436 (1997)

8. Asano M, Hatori Ch, Inamora N, Sawai H, Hirosumi J, Fujiwara T, Nakahara K: Effect of a nonpeptide
bradikinin B2 receptor antagonist, FR167344, on different in vivo animal models of inflammation. British
J. Pharmacol. 122, 1436–1440 (1997)

9. Mahmoudian M, Mojaverian N: Effects of noscapine, the antitussive opioid alkaloid, on bradykinin-
induced smooth muscle contraction in the isolated ileum of the guinea pig. Acta Physiol. Hung. 88 (3–4),
231–237 (2001)

10. Ebrahimi SA, Zareie MR, Rostami P, Mahmoudian M: Interaction of noscapine with the bradykinin
mediation of the cough response. Acta Physiol. Hung. 90, 147–155 (2003)

11. Aramori I, Zenkoh J, Morikawa N, Asano M, Hautori C, Sawai H, Kayakiri H, Satoh S, Inoue T, Abe Y,
Sawada Y, Mizutani T, Inamura N, Nakahara K, Kojo H, Oku T, Notsu Y: Nonpeptide mimic of
bradykinin with long-acting properties at the bradykinin B2 receptor. Mol. Pharmacol. 52, 16–20 (1997)

12. Rice JE, III BS, Robert C, Vannucci MD, Lames B, Brierley, MD: The influence of immaturity on
hypoxic-ischemic brain damage in the rat. Ann. Neurol. 9, 131–141 (1981)

13. Zausinger S, Lumenta DB, Pruneau D, Schmid-Elaesser R, Plesnila N, Baethmann A: Effects of LF
16-0687 Ms, a bradykinin B2 receptor antagonist, on brain edema and tissue damage in a rat model of
temporary focal cerebral ischemia. Brain Res. 950, 268–278 (2002)




