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ABSTRACT 

Perinatal asphyxia results from failure of normal respiratory gas exchange during or 

soon after labor and it remains an important cause of permanent neurological deficit in 

surviving infants. The most common features are hypoxia, hypercapnia, and metabolic 

acidosis. The present sf1ldy was undertaken to fUrther characterize the short-term effect of 

perinatal asphyxia and to investigate a possible preventive role of some Ethiopian medicinal 

plants and hypothermia in rats. 

The effect of perinatal asphyxia on survival pattern, brain and heart pH, levels of 

amino acids, monoamines, and glycolytic intermediates was studied using in vivo microdialysis 

and ex vivo biochemistry. Perinatal asphyxia was induced by immersing fef11S containing 

uterus horns, obtained by cesarean section from term pregnant rats, in a water bath at 370 C 

for different periods (0-23 min), according to a non-invasive model that largely mimics the 

conditions resulting in asphyxia during human labor (Bjelke et al. , 1991; Andersson et aI., 

1992; Herrera-Marschitz et al., 1993). Subcutaneous levels of pyruvate, lactate, glutamate, 

and aspartate were monitored with microdialysis 80 ~lin-8 days following delivery. In parallel 

experiments, pups were sacrificed 40 min after delivery and the brain and heart were removed 

to measure pH In addition, pups were also sacrificed 80 min-8 days after delivery and the 

brain was removed to measure striatal levels of pyruvate, lactate, glutamate, aspartate, and 

monoamines. 

At 37°C, a decrease in the rate of sU/vival was first observed following asphyxic 

period longer than 16 min and no survival was observed after 22 min. pH decreased with the 

length of asphyxia. In control pups (cesarean delivered), brain pH was (7.3±0.01;N=6) and 

heart pH was (7.35±0.01; N=6). A significant decrease in pH was observed following 10-11 

min and 5-6 min, in brain and heart respectively. After 80 min of delivery, a significant 

increase in the levels of all the measured compounds, in subcutaneous and brain tissues, were 

observed follOWing exposure to mild asphyxia. However, the levels started to decline when 

asphyxia was prolonged With increasing age, the levels of the measured compounds in mild 
• 

asphyxic pups were almost similar as that of the control pups. Nonetheless, the time needed to 

recover depended upon how greatly the compound's metabolism was affected Lactate being 

the most severely affected, much time was needed to reduce its level. Thus, changes in systemiC 

pH, glycolytic intermediates, monoamines, and excitatory amino acids metabolism were 
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observed following perinatal asphyxia. In particular, subcutaneous level of lactate preceded: 

(q) a decrease in brain pH, (b) an increase in brain lactate level, (c) a decrease in the rate of 

survival, and probably (d.) brain damage. 

The possible protective effect of some herbal medicines was evaluated by injecting the 

extract subcutaneously or using as a bathing fluid and subjecting the pups to asphyxia at 

370 C. Asphyxia induction at 300C and I50 C was also carried out to evaluate the protective 

effect of hypothermia and to use it for comparison purpose. Survival was prolonged when 

asphyxia was induced under hypothermic condition. No survival was observed after 50 min 

and 140 min when asphyxia was induced at 300C and I50 C respectively. Survival pattern after 

treatment with plant extracts did not show any significant difference compared to saline 

injected control group. Thus, hypothermia seems the only intervention that can provide good 

protective effect amongst the interventions so far evaluated. 
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However, with improvement in obstetric management, its role has been shown to be limited. As 

early as the 1930s, the cause of petlnatal brain damage was intimately tied up with attitudes 

towards the use of sedatives, analgesics, and anesthetics duriug labor and delivery (Eastman, 

1936). It was demonstrated that the excessive use of these agents caused "apnea neonatomm" 

which was thought to be the principal cause of cerebral injwy (Sclueiber, 1938) and almost all 

Wliters of the time suppOlted this view and equated "asphyxia neonatorum" with "apnea 

neonatorwn". Although this view was later shown to be unlikely (Myers, 1977), the tendency to 

consider birth apnea as a causative factor for cerebral injmy dominated-the 1940s-and the 1950s-. -

Hence, articles appeared in the I 940s strongly suggested a causal relationship between petlnatal 

asphyxia and cettain patterns of nemopathogenic changes in the brain. It was stated that the 

brain swelling and necrosis obsetved in newborns who died after cesarean delivety because of 

premature detachment of the placenta was due to asphyxia (Clifford, 1941). The injwies at buth 

were thought to be associated either to trawna to the head or to fetal systemic hypotension 

caused by asphyxia (Malamud, 1959,1963; Norman, 1969). It was believed that cerebral venous 

congestion causes the haemorrhagic infarction that often affects the brains ofbitth-injw·ed babies 

(Schwartz, 1961). The congestion was atttibuted to the rapid passage of the fetal head ii-om a 

wne of high pressure within the utems to one oflow pressw·e outside (Schwaltz, 1961). The 

infarction of the cerebrum associated with birth injwy was caused by fetal circulatOlY failure, 

generalized venous congestion, and cerebral venous stasis-thrombosis (Towbin, 1970). Thus, a 

nwnber of causes have been proposed for petlnatal brain damage of which petlnata1 asphyxia is 

one of the candidates. 

Asphyxia is defined as suffocation with anoxia and increased carbondioxide. It atises 

from impairment of normal respit·atOlY gas exchange with resulting hypoxia/ischemia, 

hypercapnia, and metabolic acidosis. The term perinatal asphyxia is often used to indicate an 
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impainnent of gas exchange during or soon after labor (Nelson and Leviton, 1991; Martin and 

Nelson, 1993). The tenn hypoxic-ischemic or postasphyxial encephalopathy is often used to 

describe the illness thought to stem from such impaiIment. In most instances, during the 

peIinatal peIiod, hypoxemia and/or ischemia occm as a result of asphyxia (Hull and Dodd, 

1991). When descIibing oxygen deptivation in hllJDan, the tenn asphyxia is used, because it is 

not known whether the insult is hypoxic, ischemic, or more probably a combination. 

Fmthennore, regarding the fetus, the telms hypoxia and ischemia have been used 

interchangeably, because, the most common cause of hypoxia in the fetus is hypoperfusion or 

ischemia. Hypoxia can also cause ischemia, as it is capable of producing hypotension and 

reduced cardiac output. Thus, in asphyxia, the major additional feature is hypercapnia, which 

results in a nllJDber of other metabolic disorders, such as acidosis and physiological effects 

including cerebral vasodilatation (Volpe, 1987). Hypoxia and partial regional ischemia 

commonly occm together, therefore, it appears that the regional distIibution of ischcmia in the 

face of hypoxia is a major determinant of the relatively selective nature of peIinatal asphyxial 

brain injury. Hence, this type of brain injmy is refelTed to as hypoxic-ischemia. 

PelIDatal asphyxia can occm in the human fetus or neonate as an acute total asphyxial 

episode resulting ii-om cord prolapse that leads to complete cessation of blood flow (Leech and 

Alvord, 1977), and as a prolonged partial asphyxial episode resulting from placental abruption 

that may occm during a long and complicated labor (Clifford, 1941). In order to understand the 

patterns of pelIDatal brain damage, two models in monkeys have been developed: acute total 

asphyxia (Ranck and Windle, 1959) and prolonged partial asphyxia (Brann and Myers, 1975 ; 

Myers, 1972, 1977). The first model that replicated acute total asphyxia caused a lesion 

affecting spinal cord, brainstem and thalamus without brain swelling. TIle second model that 

replicated prolonged partial asphyxia, however, produced a different pattern of cerebral injwy 
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affecting mainly the COltiCal and subcortical stmctures with brain swelling (Myers, 1972). The 

reason for the different distribntion of the lesions depends upon the redistribution of regional 

cerebral blood flow and the degree of neuronal maturation dwing asphyxia. In most cases, tbe 

total pelinatal insnlt in hmnans most likely resnlts from prolonged partial asphyxial episode, and 

sometimes from partia~ combined with terminal acnte asphyxial episode (Scott, 1976; Braun, 

1986). Heuce, fetal partial asphyxia of any cause, independent offetal circnlatOlY collapse and 

head compression, is believed to be the Priru31Y event that sets in motion a vicious cycle ofbraiu 

swelling, leading to stasis of blood flow and, fiually to cerebral necrosis (Br3lill and Myers, 

1975). 

IufOlmatiou about the specific effect of birth asphyxia on the fetus or neouates has beeu 

possible only since the development of new techniques for detennining blood pH and blood 

gases. The introduction of risk scoring and assessment of fetal behavior has finther improved the 

identification of the fetus at risk for a.phyxia (Brallll, 1986; Lowet ai , 1992). Thus, Apgar 

(1953) developed a SCOling system to infer the occurrence of birth asphyxia and to quantifY its 

sevelity from several indicators, such as: (i) type of breatlling; (ii) healt rate; (iii) color of the 

skin; (iv) muscle tone; and (v) response to different sensory stimnli. UnfOltwlately none of these 

indicators is an accurate predictor of outcome, rather they are probably best used to indicate the 

need for active resuscitation (Hnll and Dodd, 1991). Biochemical data such as umbilical pH and 

gas levels obtained soon after birtb may be used to validate the judgement tbat the 

pathophysiological changes obselved during birth 31'e asphyxial in natme. But these putative 

markers of asphyxia do not always conelate well with one another. 

Because of the poor predictive value of the traditional indicators, altematives have been 

sought. This effort led to the identification of the abnOlmal neurological signs known as 

hypoxic-ischemic encephalopathy (HIE), that was used as an assessment of asphyxia (Samat 
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and Sarnat, 1976). HIE develops in the first few hours and days of life and is characterized by 

abnonnalities of tone, feeding, level of consciousness, and in the more severe cases, seizures and 

finally coma with the need for ventilatOlY support. The postasphyxial encephalopathy is graded 

into mild (no seizure), moderate (seizures) and severe (coma). Those infants with mild 

encephalopathy have a unifonnly good outcome, those with moderate encephalopathy have a 

20-30% chance of severe handicap, and the majOlity of infants with severe encephalopathy die 

(Hull and Dodd, 1991). Hence, HIE has been found to be a much more accurate predictor of 

outcome (Robertson and Finer, 1985), however, the recent identification of a group of infants 

with typical encephalopathies (Hull and Dodd, 1991), without previous evidence of asphyxia 

cast some doubt on the casual relation between the two phenomena. Thus, there is still no 

reliable clinical indicator of birth asphyxia. Nevertheless, with the development of magnetic 

resonance spectroscopy, a potential independent indicator of brain asphyxial states has emerged 

(Martin and Nelson, 1993). 

Several animal models have been developed to assess the role of asphyxia in mediating 

brain damage (see Raju, 1992). In the present thesis, the short-telm effect of perinatal asphyxia 

and its prevention was studied in rat using a novel non-invasive model that largely mimics the 

conditions resulting in asphyxia during human labor (Bjelke et aI. , 1991; Andersson et al., 1992; 

Hen·era-Marschitz et aI., 1993). 
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1.2 PATHOPHYSIOLOGY OF ASPHYXIA 

There are still major controversies related to timing, pathophysiology, and optimal 

management of perinatal asphyxial damage. Improved techniques for fetal assessment have 

focused on the intrauterine period as a major time of onset of neonatal nemologic diseases (Hill, 

1991), which may arise fi'om specific antepartum disorders (Brown et a!. , 1974; Low et a!., 

1992). Neveltbeless, asphyxial insults caused by intrapartwn distresses also playa crucial role in 

manifesting the clinical signs (Younkin, 1992). Most of the nemopathology associated with 

asphyxia iSTelated-to regional ischemic infarction andlor selective neurona aegeneration caused 

by a combination of reduced oxygen content of blood and regional reduction in cerebral blood 

flow (Volpe, 1987). Possible explanations for tile selective vulnerability of nemons in specific 

locations within the brain may relate to a combination of regional circulatOlY, metabolic mctors 

(e.g., localized differences in anaerobic glycolysis, energy requirements, lactate accumulation, 

calcium influx, free radical tormation), as well as regional distnlJUtion of excitatOlY synapses. 

The two most vital organs, brain and heart, receive oxygenated blood in preference to 

the other organs. The central nelVOUS system is particularly vulnerable to the lack of oxygen due 

to: (i) a high rate of energy consumption to maintain cellular homeostasis, (ii) low reselves in 

substrates suitable for anaerobic energy metabolism (Hansen, 1985; Erecin'ska and Silver, 

1989). The human inmllt possesses a number of adaptive mechanisms (e.g., redistribution of 

systemic blood flow, cerebrovascular autoregulation) to protect vital body fiUlctions dUling 

asphyxia. These adaptive mechanisms spare the brain and myocardium I1I1til the sevelity of 

asphyxia SUlpasses the threshold, and once exceeded, there will be a failure of energy supply to 

these vital organs. The resulting compromise to cardiac fiutction may cause ischemic damage to 

already hypoxic tissues. 
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neuronal death in several diseases. This possibility was originally suggested by the work of 

Lucas and Newhouse (1957) who showed that systemic administration of glutamate to mice 

resulted in retinal degeneration. The subsequent studies of Olney (J 969, 1986) linked 

new'otoxicity to activation of EAA receptors, and the term excitotoxin was coined. A further 

advance was the obselvation by Rothman (1984), that release of EAAs mediated cell death in 

anoxic hippocampal cultures, and the demonstration that antagonists could ameliorate ischemic 

damage in the hippocampns. TIle development of selective antagonists has facilitated the 

identification of .excitatory amino acids as major transmitters in the CNS, and provided the-

means to test the hypothesis tbat the toxicity of EAAs is a conseqnence of excessive activation 

of EAA receptors. According to the excitotoxic bypothesis extracellular concentration of 

glutamate and aspartate lise markedly, probably because of enhanced release and inhibited 

reuptake (Seisjii, 1981, 1988; Vannucci, I 992,). 

Glutamate is releascd from ncrve tenninals by two processes. The first is the classical 

2+ 
exocytotic, Ca dependent pathway, which utilizes amino acids stored in intra synaptic 

2+ 
synaptogamine-dependent vesicles; tbe second is tbe ea independent efflux which occurs via 

reversal of the high affinity transpOlter fi'om the cytoplasmic pool. The fOlmer, like any stimulus 

coupled secretOlY events requires ATP, whereas the latter is stimulated when tbe energy level is 

decreased and ion gradients across tbe plasma membrane is reduced. This reversal transpOlt is 

the main route of efflux dwing pathological conditions that result in low ATP (Erecin 'ska and 

Silver, 1990). Glial cells in contrast to nelve terminals, utilize ouly the second mechanism of 

+ 
glutamate release. Since the transmembrane Na gradient and membrane potentials (dtiviug 

forces for glutamate accwnulation) are larger in glia tban new'ons the astrocytic transpOlters 

would be expected to contribute more to reversal transport (Erecin'ska and Silver, ] 989). 
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On the basis of phannacologica~ electrophysiological, and biochemical studies, 

glutamate receptors can be classified into two types; ionotropic and metabotropic receptors 

(Watkins and Evans, 1981, Bea~ 1992). The ionotropic receptors contain integra~ cation-

specific ion channels, whereas the metabotropic receptors are conpled to G proteins and 

modulate the production of intracellular messengers. Ionotropic receptors can finther be divided 

into NMDA, AMP A, and Kainate receptors according to their agonist profiles. There are at 

least eight subtypes of met abo tropic glutamate receptors (mGluRs) (mGluRl through mGluR8) 

as well as splice variants of three types and are activated by quisqnalate, ibotenate, glutamate, 

IS, 3R-ACPD, and iramino phophonobuytric acid (Nakanashi, 1992; Pin and Duvoisin, 1995). 

The eight receptor subtypes can be finther subdivided in to three subgroups on the basis of their 

signal transduction mechanism, sequence homology, and phalmacological propelties. Group I 

(mGluRl and mGluR5, and splice valiants); Group II (mGluR2 and mGluR3); and Group ill 

(mGluR4, mGluR6, mGlu7, and mGluR8). Group I mGluRs are coupled to 

polyphosphoinositide hydrolysis and subsequent calcium release and also induce arachidonic 

acid release. In contrast, Group II and ill mGluRs are negatively coupled to adeuyl cyclase 

(Nakanashi, 1992; Holmes et al., 1996). The physiological role of mGluRs is not well 

Wlderstood, but recent evidence has indicated that some of them could be used as a target for 

the treatment of human nemopatbologies (Ambrosini et al., 1995; Copani et aI. , 1995). 

There are two proposed mechanisms for glutamate toxicity (Vannucc~ 1990; Cho~ 1992): 

(i) Acute nemonal swelling (Osmotic lysis): occms within minutes of exposure of onset and 

believed to be due to the action of glutamate on kainate and AMP A receptors causing excitatiou 

+ + 
by increasing Na conductance. Since this channel allows Na influx to ocew· along a steep 

electrochemical gradient, its opening forces C( to enter via normal or activated anion channel 
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The entty ofNa+ and Cl increases cell osmolality, leading to accumulation of water into the cell. 

Subcellular edema ensues, which if severe enough leads to cell swelling and lysis. 

(ii) Delayed cell degeneration: is marked by delayed neuronal disintegration that occurs 

over a period of hours. Believed to occur via NMDA receptors, by which glutamate gates a 

channel that pennits calcium influx. Calcium, in tWTI, sets in motion a cascade of events 

that culminate in cell death. 

Although most available evidences suggest that excitotoxicity is receptor mediated, it is 

p<Yssible- tharsume- injury mighr<Yccur independ-ent <Yf gluramare- :re-cepmr-a-ctivatiun. P OT 

example, carrier mediated uptake of high concentrations of extracellular glutamate might 

contribute to the movement of sodium (by co-transport) and water (by osmolar shift), 

conuibuting to cell swelling and eventual calcium overload (Choi, 1992). 

b) Disturbance of Calcium homeostasis 

Calcium is intimately involved as a cofactor in munerous biochemical reactions, thereby 

acting as a regulator of cellular metabolic homeostasis. Therefore, it is not sUI]Jlising that a 

disruption of calcium homeostasis has a wide-ranging effects on nem-onal metabolism and 

fimction. The mechanism by which altered calcium balance occuning dwing cerebral hypoxia­

ischemia threatens the cell continues to be elucidated but undoubtedly is related to distm-bances 

in those biochemical reactions sub served by the cation. The concentration of this cation in the 

cell is tightly regulated because of its strategic role in metabolic regulation. Indeed ahnost all 

intracellular calcium is bound to subcellular structures and the free cytosolic concentration is 

closely regulated by fluxes across the plasma membrane. Specific ion chaunels for calcium exist 

in all cells, which either are voltage sensitive calcium chaunel (VSCC), or agonist operated 

calcium chaunel (AOCC) of the NMDA type. 
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Asphyxia causes increased calcium influx into cells because depolarization and 

tnnsmitter release open VSCC and AOCC. In addition to transmembrane calcium influx, 

inositol 1,4,5-triphosphate (IP3) mediated intracellular mobilization of calcium induced by 

metabotropic glutamate receptor activation also increases intracellular calcium. Fwthellllore, 

energy failw'e after an asphyxial insult prevents ATP-dependent calcium extmsion, therefore, 

loss of ATP combined with anoxia prevents the mitochondria and endoplasmic reticulum £i'om 

sequestering calcium leading to a finther increase in intracellular £i'ee calcium. Thus, the increase 

in intracellular free calcium produced.iILsnili a way, severely compromises the viability of the 

neuron in the reperfusion peJiod, when the oxygen supply is restored. 

The calcium ion is an important regulator of cellular homeostasis. Elevated 

concentration of intracellular calcium activates lipases, proteases, and endonucleases which 

dismpt the stmctural integJity of cell membranes. Moreover, high concentration of intracellular 

calcium results in uncoupling of oxidative pbosphorylation within mitochondria. Thus, excessive 

intracellular calcium accumulation causes membrane disintegration and new'onal death. Calcium 

activation of calpain I & II leads to alterations in the cytoskeleton. TIle activation of 

phospholipase A2 leads to breakdown of phospbolipid membranes tbat results in liberation of 

fatty acids, sucb as amchidoruc acid. Aracbidonic acid is a snbsO'ate of cyclooxygenases and 

lipoxygenases tbat produce free radicals and vasoactive species. Activation of a specific protease 

convelts xanthine debydrogenase to xanthine oxidase whicb is a licb enzymatic source of liee 

radicals. Activation of endonucleases leads to degradation of DNA and activation ofllitric oxide 

synthase (NOS) leads to a burst of liee radicals production. Nitric oxide formed by NOS reacts 

with snperoxide anion to give peroxynitrite anion which subsequently decomposes to toxic 

hydroxyl radicals in the presence ofan acid (Volpe, 1987; Vannucc~ 1990; Seisjo et a\. , 1993). 
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c) Oxidative stress 

The oxidative stress hypothesis infers an imbalance between the fOlmation of cellular 

oxidants and the antioxidative processes. It occurs due to the excessive fOlmation of hydrogen 

peroxide and oxygen-detived fi·ee radicals. A fi·ee radical is a COmpOlllld that has a lone electron 

in its outer orbital. This electron configuration confers to the compound an unusual reactivity. 

As a result, fi·ee radicals have a tendency to attack neighbouting molecules in reactions that can 

be propagated in an autocatalytic manner. The impOltant production sites of such fi·ee radicals 

(e.g. the-superoxide (.0.,") and hydroxyl (OH .) species)-are the mitochondtial respiratory-chain-­

and the sequences catalyzed by cyclooxygnases and lipoxygenases. Free radicals can he 

produced within the mitochondtia when cytochrome oxidase is not fully saturated with oxygen, 

thereby liberating fi·ee radicals at more proximal site. These li"ee radicals can not be consumed 

finther and leak out into the cytoplasm Free radicals are also fOlmed duting autoxidation of 

many cOlllpounds (e.g., catecholamines) and in xanthine oxidase reaction. NO produced in the 

brain as a consequence of glutamate NMDA receptor activation is a membrane diffusible free 

radical (D'Souza and Slatter, 1994). It can also give lise to a burst of fi·ee radical production by 

reacting with superoxide anion. 

There have been increasing arguments that suggest, the reoxygenation or reperfusion 

phase following an ischemic insult may aggravate tissue injmy by yielding reactive oxygen 

species. Recent investigations have provided evidence for the formation of these species in the 

vulnerable regions of the brain (Lancelot et aI. , 1995). Free radicals can cause tissue injmy, 

pl1malily by leading to peroxidation and subsequent fragmentation of polyenoic fatty acids of 

membrane phospholipids. TIlis peroxidatioll aftelward canses enhanced lise in the level of 

aldehydic lipid peroxidation products such as 4-hydt·oxynou-2-enal and mololldialdehyde which 

act as second toxic messengers. TIle membrane fi·agmentation caused by lipid peroxidation in 
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tum may lead to cross linking of proteins with inactivation of critical enzymes and transport 

molecules (Siesjii, 1988). Transition metals mediated radical reactions may convert single 

stranded nicks of DNA, accumulated during the insult as a result of calcium activated nncleases, 

to lethal double stranded nicks (Krause et al., 1988). Some fi·ee radicals like NO can cause 

disturbance in mitochondlial energy metabolism NO inhibits several enzymes including NADH 

dehydrogenase (complex I), succinate dehydrogenase (complex II), and cytochrome oxidase 

(complex IV) of the mitochondtial electron transport (Gerlach et a1. , 1995). Inhibition oftbese 

enzymes can lead also to production of additional free radicals making the event a vicious cycle. 

Although the exact mechanism of lipid peroxidation is unknOWII, it is well estab1isbed 

that the presence of a transition metal is required as a catalyst (Aust et aI. , 1985). At least two 

transition metals, copper and iron, are found in sufficient quantities in the body to act potentially 

as catalysts for initiation of lipid peroxidation. Since copper is made unavailable by the histidine 

component of proteins, the most likely candidate is iron. The brain has an ablUldant stores of 

iron, as do all cells. Most of this iron is in haemenzymes and in storage proteins such as fenitin, 

or in transport proteins such as transfenin. In these follllS, the iron is lUlable to act as a catalyst 

for oxygen radical reaction. As iron is stored in an oxidized fOlm in the fenitin molecule, 

reduction to the fen-ous fOlm is required to cause its release. It has been shOWII that superoxide 

promotes the release of iron from fenitin (Thomas et al., 1985). Since oxygen is essential for 

superoxide production, iron is released only during reperfusion. Thus, iron released during 

reperfusion is believed to cause iron-dependent lipid peroxidation (Krause et al., 1988). 

d) Metllbolic acidosis 

Under nonnal circumstances, glucose is virtually the exclusive substrate for ATP 

production in tbe brain. Within seconds of the onset of hypoxia-ischemia, oxygen is depleted and 

oxidative phosphorylation ceases. Under these conditions, the only source of A TP production is 
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anaerobic glycolysis. The shift to anaerobic metabolism produces large increase in lactate and 

NADH and a decrease in intracellular pH. Increased lactate level is inversely related to neuronal 

recovelY (Rehncrona et al, 1980). Although the mechanism of this relationship is not clear, 

marked acidosis dwillg hypoxia-ischemia may prevent or retard recovery by different 

mechanisms (Sei~ii, 1988; Seisjii et al. , 1993): (i) acidosis causes swelling of vascular cells and 

predisposes to sludge and other phenomena, decreasing the quality of reperfusion and 

promoting inflammatory reactions in the microvasculatures; (ii) extracellular acidosis slows 

down Na + coupled W extrusion that prevents or delays normalization of pHi; (iii) Since acidosis 

retards oxidative phosphorylation, ATP production is reduced. This leads to a precaliolls 

situation in which too little energy is fOlmed by the acidotic cell, which in the absence of an 

energy somce to build up a Na + gradient, can not COiTect the acidosis. On the other hand 

acidotic cells, with preserved A TP production could attempt to restore pH; at the expense of 

their volume regulation. The expected result of such a state is progressive edema; (iv) acidosis 

prolongs the calcium transient into the recovelY period, triggering calcium-induced damage. 

This probably, is due to outcoIDpetition of Ca2+ by W for intracellular binding sites or enhanced 

regulation of pH; by Na+/lt exchange that sets the stage for reversed Na+/Ca2+, which increases 

the influx of calcium; (v) acidosis may lead to eulianced fi'ee radical production eitber by 

converting . O2' to its hydrated, more lipid soluble and more pro-oxidant fonD, bydroperoxy 

radical (H. ( 2) , 01' by releasing pro-oxidant iron from protein bindings in transfenin and felritin, 

favowing chelation of iron to low-molecular weight compounds which are pro-oxidant. 

Fmthellllore, acidosis may favom fi"ee radical production by viItue of its role in the sequence of 

reactions leading to production of NO and its toxic products. NO in the presence of .02' gives 

peroxynitrite, which later decomposes to yield the extremely toxic .OH species. Acidosis 
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accelerate this latter reaction. Hence, intracellular acidosis exerts further its deleterious effects by 

accelerating other reoxygenation or reperfusion mechanisms. 

1.3 MANAGEMENT OF PERINATAL ASPHYXIA 

At present, there is no consensus for the management of perinatal asphyxia. Insults are 

likely to induce cell death by several simultaneous injury processes. Intelventions directed at 

interrupting a given mechanism may produce a change in cell death only if the mechanism is a 

lead mechanism bearing responsibility for death. Otherwise, its contribution will be masked by 

other processes that are capable of inducing death sooner. Brain damage following asphyxia can 

be ameliorated by: (i) prompt resuscitation, (ii) hypothermia, (iii) drugs. 

1.3.1 Resuscitation and other supportil'e therapies 

Resuscitation of the newbolll infant is one of the major pediatric emergencies. The 

whole purpose of resuscitation is to give adequate ventilatory support and to maintain an 

adequate circulation. Current resuscitation methods include: (i) providing oxygen and removing 

carbondioxide by positive pressure ventilation; (ii) maintaining the circulation by extemal cardiac 

massage; (iii) using a volume expander to combat shock; (iv) and infi'equently, if the infant fails 

to respond, using cardiotonic agent and providing alkali for buffeling the excess acid prodnced 

dUling anaerobic metabolism. An intact circulation is of major impOltance in the ability to 

srnvive asphyxia, since it is able to redistJibute lactate and hydrogen ion to tissues still being 

perfused and thus may provide a means of buffering cells drniug asphyxia. By appropriate 

intelvention with adequate resuscitative measUI'es the severely asphyxiated infant can be saved 

and brain damage prevented or minimized. Brain injury occurs when prolonged asphyxia 

ovelwhehus the compensatory mechanisms previously described. The damage may be severe 
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and manifested early in the form of seizure disorder, cerebral palsy, or later on as profoWld 

developmental retardation. 

Effotts to minimize damage are directed at managmg or preventing problems of 

inadequate cerebral blood flow, cerebral edema, and intracerebral haemolThage. There is no 

generally accepted approach to manage cerebral edema in the neonate (Vannucc~ 1990). 10 the 

past, therapies directed towards reducing cerebral edema included the use of hypelventilation, 

dehydration, glucocOlticoids, high dose barbiturates, and osmotic diuretics, either alone or in 

combination. However, the effectiveness of any of these treatments has not been conclusively 

demonstrated (Fisher and Paton, 1986; Vannucc~ 1990). Neonatal seizure can be managed by 

conecting any Wlderlying metabolic derangement or structrn·allesion of the brain if present, and 

then early control of convulsive activity with antiepileptic medications. Once it has been 

established that the metabolic derangement is not conttibuting to seizure activity in the 

asphyxiated newbOlll infant, an anticonvulsant medication is used in an attempt to control 

repetitive or continuous seizure activity (Vannucci, 1990). 

1.3.2 Hypothermia 

The idea, "cold bath for baby" is not entirely novel. The custom of bathing neonates in 

cold water was world wide among primitive people. It was suggested a number of years ago 

that man may have discovered during the glacial epoch that when, apparently dead babies were 

placed in cold streams they sometimes began breathing (Miller, 1957). 

Hypothennia has been long known to increase brain tolerance to a v31iety of insults. 

Expetimenta! studies have demonstrated that hypothelTl1ia provides protection for animals 

exposed to longer time of asphyxia (Miller, 1971). Moderate hypothennia is effective in 

significantly increasing swvival during hypoxia-ischemia, however, it provides ouly paltial 
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protection from neuropathologic damages. Profound hypothennia on the other hand, 

ameliorates the systemic and cerebral metabolic derangements and prevents the neuropathologic 

changes caused by bypoxic-ishemic inj\Uy in neonatal rats and newbolll dogs (Young et al. , 

1983; Mujsce et al. , 1990). It has been demonstrated that low intraischemic brain temperatrnes 

can protect brain nemons in rats subjected to transient forehrain ischemia (Busto et al., 1987) 

and postischemic hypothennia of only a few degrees can also have a significant protective effect 

(Buchan and Pnlsinelli, 1990). Fwtber it bas been sbown that rats can maintain a constant 

plaStDa-pH-wlder-hwothennic condition (Majewska et al. ,--L966)~_ 

The benefit of cooling d\Ulng asphyxia is mainly related to the reduction in the over-all 

o 0 

oxygen requirements. Animals at 37 C use more oxygen than they do at 15 C (Miller, 1971). 

Lactate production dming anoxia is directly proportional to tissue metabolism. In watm animals, 

there is a lise in lactic acid accumulation and blood pH falls at a rapid rate. Since low pH 

interferes with many enzymatic processes, cat'diac contractility, atld resuscitation of an 

asphyxiated neonate (Miller, 1971), tbe impOltance of reducing body temperatw'e d\Ulng 

asphyxia appeat·s to be obvious. 

1.3.3 Drugs 

Although it has proved possible to show that celtain drugs exert a nemoprotective 

action at cellular, biochemical and functional levels, in various experimental models of 

nemodegeneratve diseases, so far, it has not yet heen possible to demonstrate atl unequivocal 

neuroprotective effect for any drug in clinical studies (Gerlacb et al. , 1995). Thugs that at'e used 

as suppOltive therapy are discussed under resuscitation. Under this heading, mugs that are WIder 

intense investigation for management of perinatal asphyxia will be considered. 
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a) Excitatory amino acids antagonists 

As discussed previously, recent studies have yielded compelling evidence that excessive 

exposure of neurons to glntamate or other EAAs may result in neuronal death. Asphyxia canses 

excessive glutamate release and it is a major cause of postasphyxial neuronal damage (Levene, 

1992). Given these premises, it is rational to search for phannacological agents that would either 

iuhibit glutamate release or block its postsynaptic action. Limited stndies have been perfOl1lled 

to assess the neuroprotective effect of inhibitors of glutamate release from the nerve terminal. 

Pre-treatment with low doses of baclofen, a selective agonist of GABAB receptors and 

inhibitor ofEAA release, has not shown any protective effect in the four-vessel occlusion model 

of cerebral ischemia (Obrenovitch and Richards, 1995). Receptor antagonists in contrast, have 

wldergone extensive stndy in experimental aninJals (Scatton et aI., 1991; Barks and Silverstein, 

1992; D'Souza and Slater, 1994; Estevaz et aI. , 1995). Of these drugs, NMDA antagonists have 

received the most attention. Available compounds include (i) competitive recognition site 

antagonists (e.g., CGS 19755, CGP 37849, LY 233053); (ii) charwel blockers or those associate 

with the PCP site (e.g., phencyclidine, ketamine, dextromethorphan, and dizocilpine), (iii) 

modulatory site antagonists such as; those antagonize the co agonist action of glycine (e.g. , HA-

966, cycloleucine, L-687414, and L-701324) and those acting by blocking the potentiating 

effect ofpolyamines (e.g., SL 820715, ifenprodiJ). There are a number of stndies that suggest, 

NMDA antagonists given before or after experimental hypoxia-ischemia protect the developing 

brain (McDonald et aI. , 1989, 1990). Noncompetitive AMPAlKainate receptor blockers, 

including NBQX, CNQX, and GYK- 152466 have been shown to be effective in animal models 

of asphyxia (HelTera-Marschitz et al. , 1993) and global and focal brain ischemia (D'Souza and 

Slater, 1994). 
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The discovery of mGluRs negatively coupled to adenylate cyclase opened a new avenue 

of therapy for acute and chronic neurodegenerative disorders. Recent studies strongly encourage 

the development of compounds that are highly selective for these neuroprotective mGluR 

subtypes (Ambrosini et aI., 1995; Copani et aI. , 1995), since they may be a potential target for 

specific drugs io the experimental therapy of human neuropathologies. 

So far, animal studies have produced data which suggest that non-competitive NMDA 

and AMPAlKainate receptor antagonists may protect agaiost cellular damage. Although there 

are no clinical data on this group of drugs, there are suggestions that their use may represent an 

important strategy io the future management of the asphyxiated newb011l infant (Levene, 1992; 

Henera-Mal'shitz et aI. , 1993). Further a nuruber of NMDA antagonists such as SL-820715, 

CGS-19755, and dizocilipioe are now io the early phases of clinical trials and then' use as a 

remedy will be decided io the next few years. 

In consideriog treatment wilh EAA antagonists, an impoltant ISsue that must be 

acknowledged is their potential detrimental effect in the developiog braio. Sioce EAA play 

critical roles in nonnal synaptic maturation, EAA blockade could disrupt normal developmental 

processes (Teng et al., 1996). Therefore, the adverse impact of EAA antagonists will require 

careful evaluation before such drugs come ioto clinical use. Drugs that block excessive release 

or promote enhanced reuptake might provide neuroprotection more selectively than receptor 

antagonists. 

b) Calcium channel blockers 

Because of the strategic role of calciom io the regulation of cell metabolism, treatment 

with calciom antagonists in the early phase after cerebral hypoxia-ischemia has been 

hypothesized to halt iotracellular calcium ion accumulation thereby preventing the cascade of 
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events leading to ultimate nemonal destruction. Thus, different calcium channel blockers have 

WJdergone thorough investigation. Of the numerous calcium channel blockers, the 

dihydropyridine calcium challllel blockers; flWJalizine and nilllodipine appear 1lI0st efficacious in 

reducing the hypoxic-ischeillic brain dalll3ge in adult aniIlIals. Although studies in newbom 

aniIlIals are limited, available results indicate that niIlIodipine and flWJaJizine may improve the 

nemological outcome in asphyxiated newboms (Lama et aI. , 1987; Gunn et aI., 1989). Other 

studies have demonstrated that diphenylpiperazine calcium channel blockers can provide good 

neuroprotective effect. Lifarizine (RS-87476), has a broad neuroprotective profile in both global 

and focal ische1llia (Alps, 1992). Another derivative of diphenylpiperazine, LOlllerizine (KB-

2796) has also shown to be a dlUg with proven protective effects against cerebral ische1llia, both 

in vitro and in vivo (Hara et aI., 1993; Yalll3shita et ai, 1993). Possible llIechanisms for calcium 

channel blocker' s nemoprotective effects include a direct effect on cells to prevent calcium 

entry, selective down-modulation of voltage-gated Na+ channels (Urenjack and Obrenovitch, 

1996), the prevention of postische1llic hypoperfusion, or an anticonvulsant activity. 

Calcium channel blockers are cunendy WJdergoing clinical trials in patients wid) str·oke 

and cardiac anest, as well as in newbom infants who have sustained myocardia.! injwy or 

anhythmia, clinical investigations of such agents to protect against cerebral hypoxia-ischemia is 

fOlthCOming in the near futme. 

c) Sodium channel blockers 

+ 
Voltage-gated Na channels are responsible for initiation and conduction of nemonal 

action potential and therefore playa fundamental role in the nOllDal function of the nervous 

+ 
system. Na chaJUlels can potentially influence neurotrans1llitter release fi·om presynaptic vesicles 

in nerve telminals. Because of this property, they playa role in g1utalll3te toxicity. Owing to 
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+ 
these roles of Na channels, recent reports demonstrate that selective down-modulation of 

+ 
voltage-gated Na channels is a rational and effective approach to protect brain tissne in 

conditions associated with ischemia (Urenjack and Obrenovitch, 1996). DlUgS which fall under 

+ 
this categOlY include calciwn channel blockers with action on Na channels (flunalizine, 

lomelizine), lamotrigine and its stlUctw·al analogues such as BW-I003C87 and BW-619C89. 

d) Antioxidants and free radical scavengers 

Oxygen free radicals generated during or after hypoxia-ischemia in several ways initiate 

and perpetuate chain reactions which ultimately lead to membrane fragmentation, the 

peroxidation of unsatmated fatty acids being a prominent example. A complex system of 

antioxidant defenses preselves the balance between oxidant production and removal. lbis 

system comprises enzymatic defenses such as superoxide dismutase, catalase, and glutathione 

peroxidase; and low molecular weight scavengers, such as vitamin C and E and glutathione. 

When the balance is upset by either excess radical production or a defective defense mechanism, 

oxidative stress and tissue injwy can occw·. 

The therapeutic use of oxygen radical scavengers IS under active investigation, 

palticularly in relation to inflammatOlY and ischemic diseases. Administration of specific 

enzymes has been one therapeutic approach to the early destruction of oxygen derived fi·ee 

radicals. The enzymes suffer from short plasma half lives, do not easily penetrate into 

intracellular sites where fi·ee radicals are produced, and do not cross the blood brain banier. 

Thus, the initial hopes for enzyme therapy have not been realized. Nonetheless, recently by 

modifYing enzyme molecules a dramatic effect has been observed (Rosenberg et aI. , 1989). An 

aitelllative approach is the search for inhibitors of free radical generation and scavengers of fi·ee 

radicals. Low molecular weight scavengers have better accessibility and are receiving 
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considerable attention, however, their therapeutic benefit in v31ious experimental models is not 

promising (Gerlach et aI" 1995), Drugs that inbibit oxidant production have shOWll to be 

potentially efficacious in filvow-ahly inflnencing the outcome of hypoxic-ischemic d31nage, In 

immanu'e rats, allopmiuo~ a xanthine oxidase inhibitor, has been sboWll to be beneficial in 

redncing the severity of pelinatal hypoxic-ischemic brain damage (Palmer et al" 1990), This 

effect could be mediated preswnably by inhibition of xanthine oxidase activity or via its role as a 

radical scavenger. Pre-treatment with indomethacin, a cyclooxygenase inhibitor, block the 

generation of superoxide anion which is thought to be responsible for the delayed postasphyxial 

hypoperfusion (Pow-cyrous et al" 1990), Transition metals play an important role in radical 

reactions, Hypoxia may decrease intracellular pH through anaerobic glycolysis and thus, nigger 

fi'ee iron mobilization (Qi et aI. , 1995), so another approach is the administt'ation of chelators 

such as desferrox3llline, Diet is also an important factor, pruticularly in the neonatal period when 

intakes of nllcronutrienls may be suboptima~ this could result in deficiency of antioxidant 

vitamins or decreased glntathione and glutathione peroxidase activities, 

e) Herbal medicines 

Before the advent of modem medicine, all nations and races had some kind of n'aditional 

medicine (folk medicine) on which they relied for their day-to-day healtb care, The knowledge 

about medicinal plants and their role in treatment of diseases is as old as man himself Medicinal 

plants and substances deJ1ved from them have always played an important role in therapy within 

traditional health C31'e systems globally, Many therapeutic regimens and practices, applied by 

traditional healers, may appear magical or mystical to an obselver, trained within tbe modem 

scientific school of medicine, Neveltheless, it seems to be a fact that those regimens often have 

the intended effect. Sometimes these effects are refelTed to as placebo, There is, however, 
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agreement on that, behind the superficially mystical therapeutic regimens of many traditional 

bealers, tbere is a nucleus of rationality and objective truth which may be verifiable and 

reproducible. This recognition implies that doors have opened towards a close collaboration 

between traditional herbalists, who have access to extensive empirical knowledge about the 

medicinal use of plants, and modem scientists, who may analyze this knowledge and separate 

the useful ii-om those without effect, or even harmful ones. 

In Ethiopia, althougb this practice is thougbt to have Arabic and Hebrew influence, 

the trend is by large considered to be~indigenous, since tbe use of-plants ilrTeligious 

ceremouies, as well as for magic and medicinal purposes is very co=on and wide spread 

that dates from ancient times. Today, the vast majority of tbe Ethiopian people rely on 

traditional medicine, whicb nses berbal preparations and otber natural products, for the 

maintenance of health. This is because, the economic situation does not allow most of the 

people to have access to modem health care services. Ethlopia is endowed with a large 

number of plants well known to and widely used by many practitioners of traditional 

medicine. However, it is only very recently that the role of traditional medicine as well as 

otber related practices, using crude plant palts and products, has been seriously considered 

by modem investigators. 

Although there are no traditional herbs used to treat the asphyxiated newb011l per 

se, there are many plants used to facilitate the buth process (Tadesse and Demissew, 1992; 

Abbinik, 1995). Under nOlIDal cU·cUIllstances the process of bitth is an asphyxial stress that 

sets a profound alteration of biochemical and physiological bomeostasis. This alteration is 

not well tolerated if the brain is already stressed or ifthere is a prolonged and severe labor. 

So it will be logical to assume that plants whlch are claimed to facilitate the birth process 

may prevent perinatal asphyxia. 11lerefore, amongst them, Clerodendron myricoides L. 
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(Verbenaceae) and Cardiospermium helicacabum L. (Sapindaceae) which are believed in 

folklore medicine to have effect on the bitth process were chosen for the pilot expetiment. 

Further plants which are used to reduce petinataJ mOltality and morbidity and those that 

have possible hypothennic effect may provide protective effect. From those plants, 

Heliotropium longifolium (Boraginaceae) (Hedberg and Staugiird, 1989) and Teclea 

nobilis D. (Rutaceae) (Mascolo et aI. , 1988) were screened for their probable protective 

effect. 
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2. OBJECTIVES OF THE STUDY 

2.1 General objectives 

Perinatal asphyxia is thought to be responsible or a concunent factor for the 

development of behavioral and nemological deficits with onset at different stages of life. The 

canse of these deficits might be biochemical changes that occwTed dwing the insult or shOltly 

after reoxygenation or reperfusion. Therefore, it is interesting to assess the nemological status 

and monitor the levels of severalnemochemicals and glycolytic intermediates, in order to finther 

characterize the shOlt-term effect of pelinatal asphyxia. In addition, in the effOlt to develop a 

drug that provides full protective effect the probable preventive role of some Ethiopian 

medicinal plants and the protective effect ofhypothenuia are investigated. 

2.2 Specific objectives 

2.2.1 To study the behavioral changes that asphyxia can bring about on rat pups. 

2.2.2 To measure the pH of the rat pup brain and heart after induction of asphyxia. 

2.2.3 To analyze changes in the levels of glycolytic intelTnediates, such as pymvate and 

lactate, and putative nemotransmitters such as glutamate and asprutate in subcutaneous 

and brain tissue after induction of asphyxia. 

2.2.4 To analyze changes in the levels of monoamine trrulsmitters such as dopamine and 

their metabolites in brain tissue after induction of asphyxia. 

2.2.5 To evaluate the protective effect ofhypothennia in this model of asphyxia. 

2.2.6 To screen the possible preventive role of some herbal medicines against the 

consequences ofpelinatal asphyxia. 
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3. MATERIALS AND METHODS 

Pregnant Sprague-Dawely rats weighing 400-4S0 gm (Alab, Stockholm, Swedeu) 

with access to food pellets and water ad libtum and maintained in a temperature-controlled 

environment on a regular 12 h light/dark cycle were used for the experiment. In addition, 

Sprague-Dawely rats pmchased from 8&K, Universal, AB, Sollentuna, Sweden (Alab, 

Medical faculty, Addis Ababa) were also used. The gestational age of the rats was 

determined by (i) clinical palpation and (ii) behavioral observation (e.g., nest building, lying 

over the abdomen, statting delivery). Only rats in their last day of gestation were nsed for 

the experiment. 

3_1 Induction of perinat:d asphyxia. 

Asphyxia was induced in rat pups delivered by cesarean section (Bjelke et aI. , 1991; 

Andersson et aI. , 1992; Henera-Marschitz et al. , 1993). Time-mated female rats (weighing 400-

4S0gm), within the last day of gestation were anesthetised with ether and hysterectomized. 

Innnediately after hysterectomy some pups were delivered as cesarean controls, thereafter the 

utems, still containing the remaining fetuses, was placed in alSO C, 30°C, and 37°C water bath 

fo r v3.tious petiods of time to induce asphyxia. Following asphyxia, the uterus homs were 

rapidly removed fi'om the water bath, and the pups were delivered and stimulated to breath. The 

UIllbilicaJ cord was ligated, and the pups were left to recover on a heating pad. The time of 

asphyxia was measmed fi'om the time when the blood circulation to the utems was cut offuntil 

the pups were taken out of the water bath. Some rats were let to deliver spontaneously and their 

pups were used as spontaneously-delivered controls. Some pups that remained alive dUling the 

expetiment were given to sUlTogate mothers until needed for another expetiment. In addition, 
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rats treated with saline and herbal extract were subjected to asphyxia in a similar marUJer at 

o 
37 C. 

3.2 Behavioral observation. 

ShOtt-term effect of pelinatal asphyxia was monitored by direct observation in 40-80 

min period following delivery. A behavioral scale was developed to assess the general condition 

of the newborn pups that may be used as APGAR score in animal model. The pammeters 

include: (i) sULviYaLrate, (.ii)J espirato.ry--1J:equency, (iii) gasping, (iv) vocalization, (v) color of 

the skin, and (vi) spontaneons movements. A scale was used to score the intensity of movement 

as follows: (0) Akinesia and rigidity (mainly on the hind legs); (I) movement of one of tire 

following body stmctures: f)·ont legs, hind legs or head alone (2) Movement of two oftbe body 

structUJ·es; (3) movement of all body structures; (4) Intensive movements shown by wriggling. 

3.3 pH measurement in tissue. 

Following 40 minutes after delivery control and asphyxic pups were killed by 

decapitation. The brain and heart were dissected out and stored at _80
0 

C pending measurement. 

Later, pH determination was perfOtmed by inserting the tip ofa pH elecn·ode of 2 rum diameter 

(TFK 32SIHC; pH 320 set, W1W, Wissen-schaftilch-Techuische-Werkstaten, GmbH, Wein, 

o 
Austria) into the whole tissue kept at 4 C in an ice bath. Measurements were done in triplicate 

with pepsin-distilled water rinsing cycles and the means of each triplicate were taken as the 

measw·ed valne. 
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3.4 In vivo Microdialysis. 

Eighty minutes, 24 In·s., 48 In·s. , 4 days and eight days following delivelY, a 

microdialysis probe (CMA 20, CMAlMicrodialysis AB, Stockholm, Sweden), (Dialysis 

membrane length = 4 rum, diameter = 0,5 rum) was implanted snbcutaneously into the dorsal 

region, with a caudo-rostral orientation, parallel to the spinal cord, of control and asphyxic pups. 

Microdialysis prohe was perfused with Ringer solution (NaCI 147 mmol llit, KCI4 rumolllit, 

CaCb.2H20 2,3 rumol/lit, pH 6, Apotek Bolaget, Sweden), at a constant flow rate of 2!lVmin, 

maintained with a micro-dill-lysis pump- (CMA- 100;-CMNMicrodialysi,AB):-TIref)H- of the 

perfilsion medium was checked and adjusted to 7.2-7.3. Afler three 20-min samples, the 

microdialysis prohe was removed, the wound was sealed with a drop of aClyl blue (HistoaclyIR), 

and the pups were saclificed. The samples were split in 10 ~tl aliquots and directly ~ected into 

high performance liquid chromatography (HPLC) systems, coupled to a fluorometric or UV 

detectors for analyzing glutamate and aspaltate, or pymvate and lactate, respectively. 

3.5 Tissue preparation. 

Eighty minutes, 24 hrs., 48 hrs., 4 days and 8 days old control and asphyxic rat pups 

were killed by decapitation and the brain was rapidly removed and stored in dry ice. Thereafter, 

coronal 400 rum sections were cut in a clyostat and pllllch samples (0.5-1 rum in diameter) were 

taken fiom the striatum The samples were then stored in previously weighted 1. 5 ml EppendOlf 

tubes at -80°C llIItil analysis. At time of analysis, 0.1 ml perchloric acid (PCA) (O.IM) was 

added to each tube, and then the tissue was sonicated wltil dissolved (Sonicator, Heat-systems 

Ultrasonics, Inc. , Falmigdale, N:Y., USA). The sonicated tissue was centrifuged (Bergman 

centrifuge, CS-6R, USA) for 20 minutes at 5°C (3000 Ipm). The aliquots were then injected 

directly to various HPLC systems coupled to electrochemica~ UV, or fluorometric detectors to 

analyze monoamines, amino acids and glycolytic intermediates, respectively. 
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3.6. In vitro recovery. 

The 4 mm microdialysis probes were tested for in vitro recovery of glutamate, aspaltate, 

pyruvate, and lactate. This was done by perfusing the probe in a 2 ml vial containing a known 

concentration of glutamate (2.5 !J.M), aspartate (2.5 !J.M), pyruvate (25 !J.M), and lactate (250 

!J.M) dissolved in Ringer at room temperatme. Three 20 !J.l perfusate samples and one 20 ~u. 

external medium samples before and after perfusion were taken. Then, 10 ~u. of the aliquot was 

injected into an HPLC system connected to valious detectors. 

3.7. Biochemical analysis. 

3.7.1 Glutamate and aspartate. 

Glutamate and aspaltate were detenTIined by HPLC system with precolumn 

derivatization using O-phthaldehyde and mercaptoethanol as reagents and fluoroirnetric 

detection. Briefly, 3 (10) !J.I of the reagent (0.4 M borate, 0.04 M O-phthaldehyde, 0.4 M 2-

mercaptoethano~ pH 10.4) was added to 2 (10) !J.l of the sample obtained from the brain and 

subcutaneous tissue respectively. After a 60s reaction period at 7°C in a micro sampler, 4 (15) ~L1 

of the deIivatized aliquot was injected into a collUTIn prepacked with Biophase ODS 5 !lID 

palticles (Knauer, Berlin, Gelwany). The elution with O.lM sodium acetate, 8% methanol 

(adjusted to pH 6.95), and 1.5% oftetrahydrofuran, was pelfonned with an SP 8800-020 pump 

(Spectra-Physics, San Jose, CA, USA) equipped with a two way valve at a flow rate of Iml1min. 

A linear gradient changing to 100% methanol over 2 min and retmning to 100% eluent 2 min 

later was used to rapidly clean the colUlJlll after elution of aspmtate and glutamate. The 

fluorometIic detector was an FlOOO (Hitachi, Tokyo, Japan) with excitation wavelength set at 

370 urn and emission cut-off filter set at 450 urn The detection limit for glutamate and aspmtate 

was about lpmol (HelTera-Marschitz et a~ 1996). 
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3.7.2 Pyruvate and Lactate analysis. 

PYl1lvate and lactate were separated on a Brownlee ion excbange reversed phase 

colwnn (250 x 4,6 mm inner diameter, polypore H [0 ~un) (Applied Biosystems Inc. , San Jose, 

CA, USA). Volume of sample injected was 4 ~ll and 8 J.Ll for brain and subcutaneous analysis 

respectively. The mobile pbase used was 2.5 mM sulfiuic acid at a flow rate of 0.3 mVmin 

maintained by a LKB 2150 LC pwnp (LKB, Bromma Sweden). A LKB 2151 v31iable 

wavelength monitor (LKB, Bromma, Sweden), at a 0.0025 absorbance range, and 214 urn 

wavelength was used for detection. Thelimit of detection was about 10 pmor(Ungerstedt and 

Hallstt·om, 1987). 

3.7.3 Monoamine analysis. 

Dop31lline and its acidic metabolites, dihydroxypbenylacetic acid (DOPAC) and 

homovanillie acid (HVA), as well as 5-hydroxyindoleacetic aeid (5-HlAA), the metabolite of5· 

HT, were sep31·ated by a Biophase ODS 5 ~un column (Diameter 250 x 4.6mm) and detennined 

by HPLC coupled to an EC detector system (BAS Inc., West Lafayette, IN, USA). The 

equipm-ent comprises a refiigerated sample injector (CMA 200, CMAlMicrodialysis AS) and a 

Spectra physics (San Jose, CA., USA) integrator. Volwne injected was 5 J.Ll. The elntion was 

canied out with a phosphate buffer (O.IM Sodilnn salt of I-octane sulfonic acid, o. I 2M 

NaH2P04.H20, 0.03% EDTA and 15% methanol, pH adjusted to 4.26, and made up to volume 

with distilled water) at a flow rate of 0.6 mVmin maintained with an HPLC pwnp (Jasco 880 )lu, 

Japan). The limit of detection was about 5 finol and 50 finol for dopamine and its metabolites 

respectively (HelTera-Marscbitz et al. , 1996). 

30 



3.B. Preparation of the plant material 

3. B.1 Collection of tIle plants 

Clerodendron myricoides L. was coUected from Debrezeit around Crater lake, 40 km 

East of Addis Ababa. Cardiospermium helicacabum L. was coUected from Golede around Lake 

Elen, 5.2 km Northeast of Alem Tena town. Heliotropium longifolium was coUected fi'om the 

outskUts ofKoka town on the road to Awassa, aud Teclea nobilis D. was coUected from a bush 

located 12 km Southeast of Shashemene on the road to Goba. AU the plauts were identified and 

a voucher Specimen was deposited in the National Herbarium, Addis Ababa University. The 

plaut material after coUection was shade dried, garbled to remove the part not required, and 

powdered using a gIinding machine. 

3. B. 2 Extraction of the plant material 

a) Teclea nobilis- the powdered leaf was successively macerated with petrol and 50% 

ethauol for about 24 hours. The ethanol extract was filtered and evaporated in vacuo to 

remove the alcohol. The remaining aqueous solution was freeze dried, weighted and 

reconstituted with distilled water to the required strength. 

b) Clerodendron myricoides- the powdered root was successively macerated with petrol, 

50% ethanol, and distilled water for about 24 Ius. The petrol extract was filtered aud 

evaporated in vacuo. The residue was taken as extract 1. The hydroalcholic extract was 

also filtered aud evaporated in vacno to get extract 2. In both cases DMSO was used for 

reconstitntion. The water exiract was filt ered and fi'eeze dried and weighted, extract 3. And 

this was reconstituted with distilled water. 
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c) Heliotropium longifolium- the powdered whole plant was successively macerated with 

distilled water and absolute ethanol for about 24 hours. The water extract was filtered, 

freeze dried and weighted, extract 1. Extract I was reconstituted with distilled water to the 

required strength. The alcoholic extract was filtered and evaporated in vacuo. The residue 

was then dissolved in hot water and extracted with dichloromethane. The dichloromethane 

was evaporated in vacuo leaving a residue considered as extract 2. The aqueous layer was 

taken and extracted with ethyl acetate and the ethyl acetate was also evaporated in vacuo to 

get extract 3. DMSO was used to reconstitute extract 2 and 3 to the required strength. 

d) Cardiospermium helicacabum- the powdered leaf was soaked in distilled water for 

about 24 hOUl·S. The mixture was then filtered and the filtrate (8%) was used as a bathing 

fluid. 

3.9. Pharmacological treatment. 

TIle v31ious plant extracts were administered subcutaneously in different doses either 

three times with one hour interval between doses for Clerodendron myricoides and 

Heliotropium longifolium, or three times every hour, as well as twice daily for two days for 

Teclea nobilis. Cardiospermium helicacabum was used in the fOlm of bathing fluid (8%). 

Brefiely, 400 m1 of the extract was kept in a baker and this was in twn placed in a water bath 

adjnsted to a suitable temperature so that the temperature of the extract would be 37°C. Then, 

the utelUs hom was placed in the extract. Since asphyxial induction under hypothermic 

condition was carried out by reducing the temperatw'e of the water bath and maintaining the 

temperatw'e by adding ice, bathing with extracts was taken as an altemative. 
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3.10. Statistical analysis. 

Values are expressed as percentage of each litter to descIibe survival rate, gasping, and 

vocalization; and as means ± SEM to describe respiratory frequency, spontaneous movement, 

and the level of the assayed substances as the concentration in the perfusates. The data were 

analyzed by F-ANOVA followed by student t-test for unequal number of samples. A level ofP< 

0.05 for a two tailed test was considered cIitical for statistical significance. Depending on the 

expeIimental condition grouping was done as follows; for short-term effect study, control 

(spontaneous and cesarean delivered pups), mild asphyxia « 11 min), moderate asphyxia « 20 

min), and severe asphyxia (20 min and above). For therapeutic effect investigation; control 

(saline injected), treatment (extract treated). 
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4. RESULTS 

4.1. Behavioral obselvation. 

As shown in Table I, a progressive decrease in the rate of swvival was observed with the length 

o 
of asphyxia. At 37 C, the nonnal body temperatnre, 100% sUivival was obselved up to a 16 min 

asphyxia peIiod; while about 40%, 28%, and 17% survival was observed after 19-20 min, 20-21 

min, and 2 1-22 min asphyxia peIiods respectively. Asphyxia exposUl·e longer than 22 min was 

inevitably associated witb 100% mOltality. During the early postnatal peIiod (0-80 min), the 

effect of asphyxia was evident on the breathing efficacy, motility, color of the skin, and 

vocalization. Spontaneous and cesarean delivered pups stalted regular breathing ahnost 

immediately after delivelY was completed, and showed a pink colored skin, intensive 

vocalization and motility. In contrast, asphyxic pups recovered slowly, and in pups exposed to 

moderate and severe asphyxia; gasping, cyanosis, tremor, sporadic clonic movement or no 

movement at all, and absence of vocalization were obselved, even 80 min after delivery. TIle 

swvival pattern of the pups after given to sun·ogate mothers was 97% (control), 97% (mild 

asphyxia), 86% (moderate asphyxia), and 82% (severe asphyxia), as assessed 1-8 days after 

delivelY Following 80 min-8 days after delivelY, surviving asphyxic pups increased ill body 

weight (Table 2) in a mallller similar to control pups. No significant difference was obselved ill 

the increase in body weight, however, some nemological symptoms, such as slight tremor and 

Iigidity affecting the hind legs, could be assessed in pups exposed to severe aspbyxia at postnatal 

days 4 and 8. Since no significant difference was observed between spontaneous and cesarean 

delivered pups in any of tbe measured parameters, all compalisons were made against the 

cesarean delivered pups. 
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Table 1. Short-term effects of perinatal asphyxia at 37°C, monitored by direct observation in 40-80 min following delivery. 

Experimental Body weight Survival Respiratory Gasping Vocalization Color of Spontaneous 
condition (g) frequency the skin movement 

Spontaneous 5.87±0.12 100% 64±1 0% 100% Pink 3.89±0.05 
delivery, (n=35) 
Cesarean 5.63±0.09 100% 66±1 0% 100% Pink 3.9±0.04 
delivery, (n=62) 
Asphyxia , 

2-3 min 5.6 1±0.09 100% 64± 1 0% 100% Pink 3.74±0.06 
I 

(n=55) 
5-6 min 5.5 ± 0.09 100% 63 ±2 0% 100% Pink 3.55 ± 0.Q7 
(n=53) 
10-11 min 5.49 ± 0.09 100% 60 ±2 0% 100% Pink 3.34 ± 0.08 
(n=58) 
15-16 min 5.63 ± 0.09 100% 52±2 10% 73% PinklPaie 2.48 ± 0.13 
(n=58) 
19-20 min 5.71 ± 0.08 40% 32 ± 2 47% 2% Pale 0.39 ± 0.08 
(n=128) 
20-21 min 5.51 ± 0.08 28% 28 ±2 48% 0% Pale 0 
(n=290) 
21-22 min 5.67 ± 0.07 17% 22±2 84% 0% Pale 0 
(n=180) 

i 22-23 min 5.51 ± 0.17 0% - - - Pale - , 

(n=16) I 
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Table 2. Body weight of asphyxic pups following 80 min-8 days after delivery. 

Ces. , (N= 7-13) 5.39± 0.23 6.ll± 0.26 7.30± 0.17 9.58 ± 0.42 16.81±0.94 

2-3 miu, (N=8-12) 5.32± 0.21 6.4 1± 0.27 7.48± 0.32 9.73 ± 0.35 16.9 ± 1.02 

5-6 min, (N=8-12) 5.52± 0.26 6.53± 0.22 7.38± 0.32 8.88 ± 0.31 16.34 ± 0.5 

10-11, (N=9-1 4) 5.29±0. 19 6.42 ± 0.4 7.22± 0.24 8.85 ± 0.41 16.31 ± 0.7 

15- 16, (N=9-14) 5.89± 0.17 6.18± 0.29 6.97± 0.24 8.79 ± 0.81 16.37 ± 0.8 

19-20, (N=6-14) 5.47± 0.12 6.00± 0.26 6.48± 0.36 9.59 ± 0.3 16.58±0.77 

20-2 1, (N=6-12) 5.18± 0. 17 5.33± 0.34 6.47± 0.26 1O.05±0.47 16.2 1±0.71 

21 -22, (N=5-10) 5.31± 0.14 4.98± 0.22 5.96± 0.31 9.04 ± 0.59 16.23±2.21 

4.2. pH measurement 

The pH of tbe brain and heart varied with the duration of asphyxia (Fig. I). Brain pH 

was about 7.3 in spontaneons and cesarean delivered controls, and decreased with the length of 

asphyxia. A significant decrease (P< 0.01) was first obselved following 10-1 1 min of asphyxia 

(7. 18±0.01 ,N=6), and a maximum following 21-22 min of asphyxia (6. 18±0.02, N=6). Healt pH 

was about 7.35 in spontaneous and cesarean delivered controls and decreased with the length of 

asphyxia. A significant decrease (P< 0.05) in healt pH was first obselved following 5-6 min 

asphyxia, with a maximum fo llowing 21-22 min asphyxia (7.01±0.02; N=6). 
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. Fig. 1 pH measured from the brain (top) and heart (bottom) 40 min after delivel)' of rat pups. P< 0.05 vs. 

controls, N=6. 

37 



4.3. In vitro recovery. 

The probes sbowed approximately 15.3%, 20.1%, 20.5%, and 25.7% in vitro recovery 

for aspartate, glutamate, pYlUvate, and lactate, respectively. 

4.4. Biochemical analysis. 

4.4.1 Extracellular levels monitored in subcutaneous tissue 

The levels of pymvate, lactate, glutamate, and aspartate analyzed fi'om subcutaneous 

tissue of 80 min old spontaneous and cesarean delivered control pups and pups exposed to 

asphyxia (2-22 min) are sbown in Table 3. PYlUvate level measured 80 min after delivelY was 

significantly increased by mild aspbyxia. A maximum (2-3 fold) was obselved following 5-6 min 

of asphyxia. After asphyxic period longer than 6 min, pymvate level struted to decrease, 

however, tbe level was still significantly higher than that of the control (P< 0.01). 

Table 3. Levels of pymvate, lactate, glutamate, and asprutae in JlM measw'ed from 

subcutaneous tissue of rat pups following 80 min after delivery. P< 0.05 vs. controls. 

Spontaneous (N= 14) 25.38 ± 1.51 758.94 ± 61.8 23.46 ± 4.00 1.92 ± 0.21 

Cesarean (N= 13) 26.32 ± 3.56 769.33 ± 42.8 24.36 ± 3. 14 1.9 ± 0.24 

2-3 min (N=12) 54.6 ± 5.65* 11 78.6 ± 128* 38.59 ± 6.92* 3.45 ± 0.59* 

5-6 min (N=12) 62.27 ± 10.03* 1575.86 ± 153* 37.57 ± 5.6* 3.49 ± 0.53* 

10-11 min (N= 14) 48.13 ± 5.4* 1583.26 ± 116* 36.41 ± 4.23* 2.72 ± 0.34* 

15-16 min (N= 13) 46.92 ± 3. 1* 1756.62 ± 158* 35.53 ± 4.33* 2.99 ± 0.34* 

19-20 min (N= 14) 40.58 ± 5.2* 2484.60 ± 318* 27.55 ± 1.26 2.54 ± 0.4* 

20-21 min (N= 12) 38.64 ± 1.63* 2669.74 ± 357* 27.29 ± 3. 1 2.04 ± 0.21 

2 1-22 min (N= 10) 33.92 ± 3.3 1546.93 ± 165* 20.73 ± 3.0 1.67 ±0.3 
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The level of pyruvate obselVed after 21 min was close to that of the control. Lactate 

level increased (2-4 fold) in pups exposed to asphyxia (P< 0.0 I, in all cases) a maximum 

increase being at 20-21 min. A decline in lactate level was also obselVed after 21 min compared 

to the maximum. The levels of glutamate and aspaltate was also increased (abont two fold) until 

16 min of asphyxia. After asphyxic peliod longer than 16 min the levels declined and reached the 

control levels. Monoarnines were not detected in subcutaneous tissue. 

Twenty four hrs after delivery, the subcutaneous levels of all the analyzed substances 

decreased approximately by I. 5-4 fold in asphyxiated pups as compared to the newborn 

asphyxiated pups. In contrast, in control pups the level of pyruvate was almost similar while the 

levels ofiactate (Table 4), glutamate and aspartate (Table 5) decreased by 10-18% compared to 

the newborn controls. With increasing age, a sligiIt increase was obselved in the level of 

pyruvate, whereas lactate, glutamate, and aspartate levels showed a decreasing pattern in control 

pups. In asphyxiated pups, the levels of pyruvate, lactate, glutamate, and aspartate decreased 

following postnatal day 2 and tend to approach that of the control with age. 

39 



Table 4. Levels of extracellular pyruvate and lactate measured in j.!M from subcutaneous tissue of rat pups following 24 brs, 48 brs, 4 days, and 8 days 

after delivery. 

Age 24 brs 48 brs 4 days 8 days 

Duration of asphyxia Pyruvate Lactate Pyruvate Lactate Pyruvate Lactate Pyruvate Lactate 

Spont. (N- 8- 18) 27.81 ± 2.95 625.4 ± 32 28.74 ±2.13 256.4 ± 21 30.47 ± 3.06 217.3 ± 23 32.25 ± 3.57 303.5 ± 42 

Ces. (N=7- 14) 28.81 ± 3.84 620.8±77 31.09 ± 4.22 311.3 ± 32 31.15 ± 3.15 260.2± 25 32.92 ± 2.96 287.9 ± 29 

2-3 min (N=8-12) 23.73±2.49 634 ±11.2 22.96±4.53 427.2 ± 54.9 21.56 ± 4.00 317.6 ± 45.5 24.47 ± 5.00 272±48 

5-6 min (N=8-12) 31.38 ± 3.91 616.3 ± 56.3 19.45 ± 5. 5 332.5 ± 67 20.81 ± 4.41 328.7 ± 64.5 24.57 ± 2.55 305.5 ± 47.2 

10-1l min(N=9-12) 37.13 ± 8.6 655.4 ±48 18.66 ± 2.27 317.7±30 16.63 ± 2.14 305.2 ± 37 22.39 ± 3.24 319 ±31 

15- 16 min (N=7- 11) 32.40 ± 5.38 585.1 ± 120 29.78 ± 6.17 502 ± 60 27.39 ± 4.76 499.6 ± 87 23.22 ± 2.68 258.2 ±48.6 

19-20 min (N=6- 1O) 30.24 ± 4.4 608.2 ± 90 23.53 ± 3.57 502 ± 92 19.07 ± 2.97 406.7 ± 93 21.6 ± 3.3 258.2 ±49 

20-21 min (N=6-8) 33.4 ± 7.76 646.3 ± 171 22.15 ± 1.41 586.2 ± 50.6 21.01 ± 1.93 266.3 ± 53.1 22.67 ± 5.18 278.9 ± 34.7 

21-22 min (N=5-7) 31.6 ± 3.96 507.6 ± 78. 5 28.45 ± 1.41 462.3 ± 74.7 21.54 ± 3.09 331.4 ± 49.8 22.99 ± 1.21 293.9 ± 56.7 
-
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Table 5. Levels of extracellular glutamate and aspartate measured in ~ from subcutaneous tissue of rat pups following 24 ills, 48 ills, 4 days, and 8 days 

after delivery. 

Age 24 ills 48 ills 4 days 8 days 

Duration of asphyxia Glutamate Aspartate Glutamate Aspartate Glutamate Aspartate Glutamate Aspartate 

Spont. (N- 8- 18) 18.12 ± 2.18 1.71 ± 0,21 9.16 ± 1.39 1.23 ± 0.15 10.9 ± 1.9 1.14 ± 0.18 10.27 ± 2.62 1.66 ± 0.28 

Ces. (N=7- 14) 19.75 ± 3.28 1.92 ± 0.31 15.30 ± 2.62 1.79 ± 0.25 10.75 ± 1.89 1.39 ± 0.18 10.27 ± 2.3 1.59 ± 0.39 

2-3 min (N=8-12) 21.82 ± 3.08 1.79 ± 0.29 20.9 ± 4.09 1.74 ± 0.33 18.62 ± 4.86 1.53 ± 0.37 10.49 ± 3.22 1.41 ± 0.19 

5-6 min (N=8-12) 24.19 ± 4.39 1.91 ± 0.4 18.23 ± 4.2 1.85 ± 0.15 17.36 ± 4.71 1.69 ± 0.67 14.65 ± 3.58 1.56 ± 0.26 

10- 11 min(N=9- 12) 20.98 ± 3.41 1.73 ± 0.34 17.43 ± 3.44 1.9 ± 0.22 15.05 ± 3.59 1.58 ± 0.23 13.66 ± 2.6 1.59 ± 0.25 

15-16 min (N=7-11) 16.21 ± 2.97 1.59 ± 0.42 17.4 ± 0.44 1.68 ± 0.38 17.1 ± 5.33 1.67 ± 0.22 13.69 ± 3.82 1.79 ± 0.3 1 

19-20 min (N=6-10) 17.22 ± 4.73 1.99±0.41 16.7 ± 4.34 1.64 ± 0.17 15.63 ± 1.61 1.77 ± 0.31 8.75 ± 0.94 1.46 ± 0.13 

20-21 min (N=6-8) 20.04 ± 6.89 1.51 ± 0.29 22.6 ± 4.55 1.73 ± 0.1 17.67 ± 3.81 1.52 ± 0.32 10.5 ± 1.4 1.32 ± 0.38 

2 1-22 min (N=5-7) 20.77 ± 2.62 2.28 ± 0.36 20.45 ± 2.68 1.45 ± 2.68 14.8 ± 4.19 1.46 ± 0.22 9.68 ± 2.27 1.43 ± 0.27 
- -- _ .-

41 



4.4.2 Tissue levels monitored in striatum. 

The levels of different compounds analyzed in tissue samples taken from striatum of 80 

min old spontaneous and cesarean delivered control pups and pups subjected to different petiods 

of asphyxia are shown in Table 6. Approximately 80 min after delivety, striatal pYlUvate level 

was increased until 11 min of asphyxia (P< 0.001), with a maximum increase at 10-11 min 

(about two fold). After 11 min, it st31ted to decline and went back to a level which was not 

significantly different to that of the control. Asphyxic petiods up to 20 min were associated with 

an increase in lactate leve~ with a maximum increase (five fold) noted at 19-20 min of asphyxia. 

A significant increase (P< 0.001) was observed in lactate level for all asphyxic peliods louger 

than 10 min. The leve~ however, started to decline after a petiod of 20 min. The coucentration 

of glutamate and aspartate was also increased up to II min of asphyxia, with a maximum 

increase (2-3 fold) at 10-11 min. Thereafter, it went below control level. It was noted that mild 

a!;phyxia increased the levels of monoaruines as compared to the controls (Table 6). A maximum 

increase was observed at 10-11 min with dopamine (2-3 fold), DOPAC (two fold), HVA (1-2 

fold), 5-lDAA (2-3 fold). After 16 min, the levels tend to retuIn to control level. 
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Table 6. Levels of pyruvate, lactate, glutamate, aspartate, in ~mollgm and monoamines in nmollgm measured from tissne samples taken from striatum of 

rat pups foUowing 80 min after delivery. P< 0.05 vs. controls. 

Time of aspbyxia Pyruvate Lactate Glutamate Aspartate Dopamine DOPAC HVA 5-HIAA 

Spont. (N- 7) 2.14 ± 0.24 3.23 ± 0.41 2.7± 0.7 0.82 ±0.2 3.0 ± 0.4 0.34 ± OOr 0.61 ± 0.07 3.48 ± 0.41 

Cesarean(N= 6) 2.48±0.35 3.88 ± 0.52 2.55 ± 0.35 0.8 ± 0.07 3.51 ± 0.42 0.36 ± 0.03 0.62 ± 0.08 3.58 ± 0.4 

2-3 min (N= 8) 3.18 ± 0.28* 5.48 ± 1.07* 4.82±0.7* 1.25 ± 0.2* 5.55 ± 0.5* 0.38 ± 0.06 0.53 ± 0.05 5.25 ± 0.9* 

5-6 min (N= 5) 4.81 ± 0.26* 6.96 ± 1.32* 3.57 ± 0.7* 1.33 ± 0.2* 6.17± 1.3* 0.51 ± 0.1* 0.58 ± 0.07 6.25 ± 0.8* 

10-11min (N= 5) 5.74 ± 0.75* 11.61 ±1.0* 6.4 ± 0.4* 1.55 ± 0.2* 7.94 ± 2.1* 0.62 ± 0.2* 0.91 ± 0.2* 6.29 ± 0.5* 

15- 16 min (N= 5) 2.67 ± l.l 16.06 ± 2.3* 2.58 ± 0.34 0.38 ± 0.04 5.49 ± l.2* 0.56 ± 0.1* 0.67 ± 0.11 4.68 ± 1.0* 

19-20 min (N= 4) 1.87 ± 0.19 16.68 ± 1.9* 2.52 ± 0.69 0.31 ± 0.1 2.83 ± 0.92 0.31 ± 0.04 0.43 ± 0.12 4.09 ± 0.52 

20-21 min (N=5) 1.95 ± 0.22 13.05 ± 1.8* 2.39 ± 0.28 0.32 ± 0.03 3.18 ± 0.52 0.31 ± 0.1 0.72 ± 0.08 4.29 ± 0.67 

21-22 min(N= 5) 1.52 ± 0.24 11.24 ± 1.6* 2.35 ± 0.35 0.32 ± 0.06 2.69 ± 0.48 0.27 ± 0.06 0.53 ± 0.04 3.81 ± 0.51 
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Twenty four hours after delivery, there was a reduction in the level of pyruvate about 2-

4 fold, in all asphyxiated pups compared to the newborn asphyxiated ones (Table 7). The levels 

of glutamate and aspartate (Table 8) were slightly decreased in those pups exposed to mild 

asphyxia (particularly those exposed to <10 min) whilst a slight increase in the levels of 

glutamate and aspaltate were observed in those pups exposed to moderate and severe asphyxia. 

A significant decrease (P<0.01) in the levels of aspartate, glutamate, and pyruvate were 

obselved at 10-11 min of asphyxia. Lactate level (Table 7) showed an increase (2-3 fold) in <6 

min asphyxic pups, however, the level was not greatly affected in pups exposed to >6 min 

asphyxia. In control pups, the level of pymvate decreased whereas that of lactate increased 

(about three fold in both cases) compared to the newborn contl"Ols. No difference, however, was 

obselved in the levels of glutamate and aspartate. 

In control pups with increasing age (Postnatal day 2-8), the levels of pyruvate, 

glutamate, and aspartate were almost similar to that of tlIe 24 Iu's levels, whereas in case of 

lactate tlIe level was abuost the same OlItil postnatal day 4 and decreased significantly (P<0.05) 

at postnatal day 8 (Table 7 & 8). In asphyxic pups, tlIe levels of pymvate, glutamate, and, 

aspartate decreased and approached tlIat of the control with age, however, a significant drop 

(P<0.05) in lactate was obselved following postnatal day 4. 

Following 24 hrs, the levels of monoamines such as HV A (Table 10), and 5-lllAA decreased 

significantly (P< 0.01) (2-4 fold) in pups exposed to moderate and severe asphyxia. The 

decrease was not significant in control pups and pups exposed to mild asphyxia. Nevertheless, in 

pups exposed to mild aspbyxia tlIe decrease in HlAA was still significant (P< 0,05). The level of 

DOPAC (Table 9) increased in botlI control and asphyxic pnps, and tbe level of dopamine 

(Table 9) slightly increased in control and severely asphyxiated pups but decreased in pups 

exposed to mild and moderate asphyxia. 
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Table 7. Levels of pyruvate and lactate in !lIDoVgm measured from tissue samples taken from striatum of rat pups following 24 hrs, 48 hrs, 4 days, and 8 

days after delivery. 

Age 24 hrs 48 hrs 4 days 8 days 

Duration of asphyxia Pyruvate Lactate Pyruvate Lactate Pyruvate Lactate Pyruvate Lactate 

Spont. (N= 5-6) 0.86 ± 0.13 8.40 ± 0.3 0.46±0.04 8.33 ± 0.67 0.55 ± 0.Q3 9.05 ± 0.86 0.61 ± 0.Q3 3.83 ± 0.57 

Cesarean (N= 4-6) 0.61 ± 0.03 8.17 ± 0.87 0.45 ± 0.07 7.71 ± 0.96 0.51 ± 0.07 7.07 ± 1.1 0.61 ± 0.0.03 3.93 ± 0.18 

2-3 min (N= 5-8) 0.75 ± 0.09 9.13 ± 0.72 0.5 ± 0.Q3 10.12 ± 0.88 0.56 ± 0.08 4.05 ± 0.51 0.60 ± 0.05 5.51 ± 1.1 

5-6 min (N= 5) 0.82 ± 0.08 9.98 ± 1.09 0.31 ± 0.05 10.58 ± 2.11 0.53 ± 0.03 3.55 ± 0.28 0.52 ± 0.05 3.64 ± 0.66 

10-1 1 min (N= 5) 0.55 ± 0.05 12.34 ± 1.15 0.38 ± 0.02 8.98 ± 1.52 0.47 ± 0.04 4.2 1 ± 0.61 0.53 ± 0.02 4.14 ±0.4 

15-16 min (N= 3-5) 0.79 ± 0.18 11.14 ± 1.94 0.49 ± 0.04 11.87 ± 0.51 0.6 ± 0.09 5.68 ± 1.18 0.66 ± 0.06 3.7 ± 0.42 

19-20 min (N= 4-5) 0.44 ± 0.07 14.69 ± 1.26 0.56 ± O.oJ 13.34 ± 1.58 0.55 ± 0.04 4.44 ± 0.31 0.48 ± 0.0.02 3.19 ± 0.39 

20-21 min (N= 4-5) 0.64 ± 0.09 11.20 ± l.35 0.52 ± 0.04 11.08 ± l.33 0.56 ± 0.07 6.03 ± 0.47 0.61 ± 0.02 2.98 ± 0.08 

21-22 min (N= 5) 0.67 ± 0.04 10.74 ± 1.96 0.4 ± 0.06 5.03 ± 0.56 0.78±0.03 5.88 ± 0.52 0.45 ± 0.Q3 5.4 ± 0.83 
- - ---- --
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Table 8. Levels of glutamate and aspartate in !lmoVgm measured from tissue samples taken from striatum of rat pups following 24 hrs, 48 hrs, 4 days, and 

8 days after delivery. 

Age 24 hrs 48 hrs 4 days 8 days 

Duration of asphyxia Glutamate Aspartate Glutamate Aspartate Glutamate Aspartate Glutamate Aspartate 

Spont. (N= 5-6) 3.83 ± 0.26 0.79 ± 0.07 3.2±0.5 0.81 ± 0.08 3.98 ±0.71 0.85 ± 0.14 2.49 ± 0.29 0.46 ± 0.05 

Cesarean (N= 4-6) 2.26 ± 0.18 0.68 ± 0.06 3.54 ± 0.61 0.77 ± 0.0 1 2.58 ± 0.27 0.68± 0.07 2.68±0.17 0.5 ± 0.02 

2-3 min (N= 5-8) 3.15 ±0.15 0.8 ± 0.18 3.75 ± 0.43 0.72 ± 0.02 2.06 ± 0.33 0.72 ± 0.16 2.27 ± 0.22 0.47 ± 0.06 

5-6 min (N= 5) 3.53 ± 0.45 0.88 ± 0.15 2.54 ± 0.29 0.87 ± 0.11 2.19 ± 0.21 0.65 ± 0.08 2.86 ± 0.22 0.6 ± 0.09 

10-11 min (N= 5) 2.5 1 ± 0.29 0.61 ± 0.08 2.54 ± 0.29 0.68 ± 0.02 2.24 ± 0.4 0.59 ± 0.1 2.48 ± 0.25 0.44 ± 0.02 

15- 16 min (N= 3-5) 2.95 ± 0.19 0.62 ± 0.08 2.37 ± 0. 18 0.71 ± 0.01 2.39 ± 0.43 0.5 ± 0.14 2.53 ± 0.14 0.55 ± 0.05 

19-20 min (N= 4-5) 2.79 ± 0.11 0.57 ± 0.08 2.33 ± 0.24 0.63 ± 0.03 2.53 ± 0.39 0.57 ± 0.09 2.11 ± 0.23 0.41± 0.04 

20-21 min (N= 4-5) 2.7 ± 0.24 0.85 ± 0.1 2.33 ± 0.22 0.77 ± 0.07 2.29 ± 0.37 0.52 ± 0.12 1.85 ± 0.21 0.61 ± 0.04 

21-22 min (N= 5) 2.37 ± 0.22 0.78 ± 0.14 3.3 ± 0.29 0.75 ± 0.07 2.74 ± 0.41 0.66± 0.13 1.78±0.14 0.34 ± 0.03 
--
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Table 9. Levels of dopamine and DOPAC in nmoVgm measured from tissue samples taken from striatum of rat pups following 24 hrs, 48 hrs, 4 days, and 

8 days after delivery. 

Age 24 hrs 48 hrs 4 days 8 days 

Duration of asphyxia Dopamine DOPAC Dopamine DOPAC Dopamine DOPAC Dopamine DOPAC 

Spont. (N= 5-6) 4.76 ± 0.5 3.41 ± 0.53 4.17 ± 0.63 6.18 ± 0.79 18.49 ± 1.62 6.73 ± 1.03 28.86 ±4.24 6.86 ± 0.29 

Cesarean (N= 4-6) 4.19 ± 0.33 3.11 ± 0.39 5.26 ± 1.63 5.69 ± 2.09 17.48 ± 0.44 6.87 ± 0.26 29.14 ± 2.39 6.61 ±0.69 

2-3 min (N= 5-8) 3.04 ± 0.32 3.63 ± 0.54 6.62 ± 1.31 2.45 ± 0.57 11.33 ± 0.35 1.74 ± 0.37 33.33 ± 4.02 3.27 ± 0.31 

5-6 min (N= 5) 3.93 ± 0.69 3.93 ± 0.69 6.84 ± 1.87 3.24 ± 0.86 17.17±2.16 2.12 ± 0.35 32.83 ± 2.35 2.69 ± 0.23 

10-11 min (N= 5) 3.48 ± 0.84 1.51 ± 0.33 6.29 ± 1.76 1.27 ± 0.27 15.1 ± 1.79 1.46 ± 0.19 33.18 ± 2.96 2.89 ± 0. 31 

15-16 min (N= 3-5) 2.43 ± 0.63 2.35 ± 0.38 8.38 ± 1.47 l.31±0.19 16.25 ± 0.53 2.38 ± 0.23 29.68 ± 1.05 2.38 ± 0.18 

19-20 min (N= 4-5) 1.72 ± 0.24 2.4l± 0.36 7.72 ± 1.07 2.65 ± 0.79 15.05 ± 1.63 2.54 ± 0.26 21.57 ± 1.38 2.79 ±0.16 

20-21 min (N= 4-5) 4.66 ± 0.65 1.62 ± 0.46 8.79 ± 1.46 2.78 ± 0.46 11.53 ± 1.27 2.41 ± 0.62 20.5 ± 1.41 2.71 ± 0.27 

21-22 min (N= 5) 5.27 ± 0.89 1.67 ± 0.32 8.04 ± 1.13 2.55 ± 0.24 16.14 ± 1.01 2.03 ± 0.22 21.8 ± 2.52 2.2l ± 0.33 
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No significant difference in dopamine level was observed in control and severely asphyxiated 

pups following 24 Ius after delivery. As age increased, there was an increase in the levels of 

dopamine, DOPAC, HV A, and 5-HJAA in both contl'Ol and asphyxic pups with less 

pronoWlced increase in the most asphyxic pups. 

Table 10. Level ofHVA in mnoVgm measured from tissue samples taken from striatum ofrat 

pups following 24 hrs, 48 lu's, 4 days, and 8 days after delively. 

48hrs. 4 days ~days .-.,:, 

Sponta. (N= 5-6) 0.59 ± 0.13 0.5 ± 0.04 2.2 ± 0.47 3.76 ± 0.43 

Cesarean (N=4-6) 0.33 ± 0,03 0.79 ± 0.22 1.5 ± 0.27 4.21 ± 0.32 

2-3 min (N= 5-8) 0.37 ± 0.03 1.34 ± 0.24 1.57 ± 0.33 4.15 ± 0.37 

5-6 min (N= 5) 0.38 ± 0,07 0.45 ± 0.07 1.57 ± 0.18 3.91 ± 0.37 

10-11 min (N= 5) 0.34 ± 0.06 1.09 ± 0.16 1.38 ± 0.2 3.61 ± 0.4 

15-16 min (N=3-5) 0.68 ± 0.16 1.07 ± 0.02 1.85 ± 0.39 3.57 ± 0.26 

19-20 min (N=4-5) 0.27 ± 0.03 1.11 ± 0.28 1.66 ± 0.21 2.6 ± O.22 

20-21 min (N=4-5) 0.32 ± 0.03 1.33 ± 0. 12 1.44 ± 0.23 2.38 ± 0.21 

21-22 min (N= 5) 0.44 ± 0.06 1.21 ± 0.1 3.21 ± 0.38 2.11 ± 0.39 

4.5 Role of hypothermia and plant extracts on survival. 

4.5.1 Role a/hypothermia 

When asphyxia was induced Wlder hypothermic condition; 30°C (moderate 

° hypothermia) and 15 C (profoWld hypothermia) there was a significant increase (P< 0.001) in 

the srnvival rate compared to the swvival pattern observed at 37°C (Fig. 2). With moderate 

hypothermia S100 (time at which survival is 100%) was 30 min whereas S100 was 100 min with 

profoWld hypothermia. S50 (time at which survival is 50%) was 43 min and 120 min respectively 

for moderate and profoWld hypothermia. In profoWld hypothennia, So (time at which survival is 
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nil!) was about thl ee and seven times longer respectively, compared to moderate hypothennia 

and normuthermia (Table J J). 
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Fig. 2. Survival pattem of rat pups after induction of aspbyxia at nonllothennia (37'C), moderate (30' C) 

and profound (15' C) hypothennia. P< 0,001 vs. controls, N= 5-10. 

Table II . Survival indices of rat pups at different temperature. 

Survival index 37°C 30°C 15°C 

S100 IS min 30 min 100 min 

S50 17 min 43 min 120 min 

So 22 min 50 min 140 min 

S100- time for 100% survival, SlO-time for 50% survival. So-lime for 0% survival 
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4.5.2 Role of plant extracts 

After treatment with plant extracts, there was no significant difference in the survival 

pattelll ofthe pups compared to the saline injected control groups (Table 12). In both treated 

and control group S 50 was between 16-17 min. The vehicle used to reconstitute the organic 

extracts was DMSO, and it did not affect the survival pattelll of the rat pups. Amongst the plant 

extracts screened, the ethyl acetate and water extract of Heliotropium longifolium were able to 

cross the 22 min time limit, at normal body temperature, for swvival When the pups were taken 

out after 24 min, they gasped and tried to smvive for sometime but, their effort did not last long. 

They died in the 40 min recovelY time. The water extract of the roots of Clerodendron 

myricoides was toxic, it killed the mother after administration. 
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Table 12. Effect of plant extracts on swvival pattern after induction of asphyxia at 37°C 

Plant Part used Extract type Dose Route Effect on swvival 

15-16 19-20 20-21 21-22 22-23 23-24 24-25 

Control Saline 2 m! Sc 100% 35% 25% 15% 0% 0% 0% 

(n= 5-10) 

T.nobilis Leaf Hydroalcholic 280mg/kg Sc 100% 40% 25% 14% 0% 0% 0% 

(n= 5-8) 
I 

H. longifoliun Whole plant Extract I 325mg/kg Sc 100% 42% 28% 28% 0% 0% 0% 

(n= 5-12) Extract 2 500mg/kg Sc 100% 30% 12% 11% 0% 0% 0% 

Extract 3 400mg/kg Sc 100% 33% 14% 10% 0% 0% 0% 

C. Myricoide Root Extract 1 400mg/kg Sc 100% 40% 18% 15% 0% 0% 0% 
I 

(n= 6-8) Extract 2 400mg/kg Sc 100% 37% 16% 13% 0% 0% 0% 

C.helicacabun Leaves Water 8% Bath 100% 33% 14% 12% 0% 0% 0% 

(n= 5-8) 

I 

Values are expressed as percent su rvival. 
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5. DISCUSSION 

The rat model used in the present study was non-invasive and largely mimicked the 

conditions resulting in asphyxia dlUmg hlUllan labor. The model allows to study both shOlt and 

long-tenn metabolic and nemopathological changes after an asphyxial insult. 

5.1 Behavioral observation 

The rate of slU"Vival was dependent upon the dmation of asphyxia and the temperatme. 

o 
At 37 C, the nonnal body temperatme, the rate of smvival rapidly decreased following exposme 

to perinatal asphyxia longer than 16 min and eventually came to 0% when asphyxia was longer 

than 22 min. Using several vegetative parameters related to respiratory and cardiovascular 

firuction, it was demonstrated that pups smviving prolonged asphyxia showed persistent deficit 

in respiration and petipheral circnlation reflected as a change in skin color. Thus, a general 

cardio-respiratory failme appears to OCClll· that may result in brain damage. The above changes 

were also accompanied by a decrease in motility and vocalization, indicating a general 

compromise of the central nervous system The above mentioned changes conld be attributed to 

a progressive and prolonged decrease in tissue oxygen brought about by perinatal asphyxia. 

Moreover large propOltion ofpups exposed to moderate (14%) and severe (18%) asphyxia died 

after given to slUTOgate mothers as compared to control (3%) and mild (3%) asphyxic pups. 

The death of control and mild asphyxic pups may be explained by sUlTogate mother rejection 

whereas the death of moderately and severely asphyxiated pups pelhaps be caused by both 

rejection and asphyxia. llms, this probably shows that moderate and severe pelinatal asphyxia 

can be related to death even during early nurselY petiod. 

During the postuatal peliod, pups smviving pelmatal asphyxia and accepted by 

smrogate mothers, nOlmaily developed along with control rats. Moreover, it was found here 
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that aspbyxic pups (whicb were nonnally accepted by sWTOgate mothers) did not differ fi'om 

controls in body weight indicating a nonnal matw-ation and physical development. TIle 

new-ological symptoms assessed in very asphyxic pnps is in agreement with biochemical and 

behavioral changes obselved fow- weeks (Bjelke et al., 1991) and 6- 12 months (Hen'era­

Marschitz et al., 1994; Loidl et aI. , 1994 ) following perinatal asphyxia. Hence, alterations in 

some CNS fimctions appear to occw- immediately after perinatal asphyxia as well as later m 

development. 

5.2 pH determination 

Asphyxia can lead to cellular acidosis via sow-ces of It ions in addition to lactic acid. 

Major sow-ces inclnde hydrolysis of ATP, NADH + It accumulated dmiug cellular oxygen 

debt, and as end product of anaerobic glycolysis. The decrease in brain and heart pH appears to 

be directly correlated with the length of asphyxia. Change in pH was first observed in the heatt 

following 5-6 min asphyxia, compared to the brain. Although tile healt seems sensitive to short 

intenuption of blood-oxygen supply initially, the decrease in pH in tile healt was less extreme 

when asphyxia was prolonged indicating that the healt is probably better buffered than the brain 

lmder sustained asphyxia, that secw-es the slllvival of the pups even with possible ensuing brain 

damage. Oxygen deplivation along with a drop in pH may lead to persistent impailmellt in 

metabolism causing delayed new-onal death in brain regions that are sensitive to anoxic or 

ischemic damage. It has been observed that delayed new-onal death in striatum and other brain 

regions is most prominent following asphyxic petiods longer than 19 min (Dell' Anna et aI. , 

1996). In the present study it was demonstrated that the pH of these velY pups was below 7.0, 

which is in agreement with the repolt that, pH 7.0 is the cutoff point for development of 

significant new-onal loss (Low, 1993) and with the opinion that, the more depressed the pH 

level, the more probable the development of brain injmy (Myers, 1972). 
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5.3 Biochemical analysis 

The ultimate outcome of pelluatal asphyxial episode is either death or survival. 

Neveltheless, swviving pups may develop neurological deficits which may be associated to 

neurodegenerative disorders with an onset at late adult stage (Herrera-Marscbitz, 1993; Dell' 

Anna et aI., 1995). The cause of these deficits might be biochemical cbanges that occuned 

dmlng the insult or later at the reoxygenation stage. Monitoring of these changes has given 

interesting results that SUPPOIts their cause and effect relationship. 

5.3.1 Changes obsen'ed in the levels of pyruvate and lactate after 80 min 

PYlUvate is the major product of glycolysis which under aerobic conditions enters the 

mitochondria where it is completely metabolized to carbondioxide and water. Therefore, 

extracellular pYlUvate level should increase whenever there is an increase in energy demand. If 

the supply of oxygen is insufficient, as in the case of asphyxia, finther metabolism of pYlUvic 

acid by the pYlUvate dehydrogenase complex is inhibited by a high NADH + H':NAD ratio, 

which also promotes conversion of pYlUvate to lactate, hence the accrnnulation of lactate is an 

indication of a shift from aerobic to anaerobic metabolism Thus, the elevation observed in 

pYlUvate level following mild asphyxia, 80 min after delivery may indicate an increased 

glycolysis, probably via increased activity of phosphofructokinase and pYlUvate kinase (Siesjo, 

1978; Lutz, 1992). Although stimulation of glycolysis can supplement oxidative phosphOlylation 

under conditions of p3ltial oxygen debt, it can never substitute mitochondtial oxidation 

completely. This is because glycolysis generates ouly 2 moles of ATP, wtlike oxidative 

phosphorylation, which produces 36 moles of ATP for evelY molecules of glucose consumed. 

To produce the 3IllOU1lt of A TP that is equivalent to oxidative phospholylation, glycolysis 

should increase to a rate 18 times of its basal flux. In reality, however, this is impossible because 

glycolysis, even wben maximally stimulated by total cerebral ischemia, can only be increased 4-5 
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fold (Vannucc~ 1992). This limited increase may be related to production ofH' ions that inhibits 

phosphofiuctokinase. Indeed, following asphyxic period longer than 10 min, pyruvate level was 

decreased indicating that there is an early alteration of glycolysis. The rapid change in pyruvate 

level may also be related to conversion of pymvate to lactate via lactate debydrogenase reaction. 

Two other reasons may also cause reduction of pymvate level following moderate and severe 

asphyxia. The first one is, a lise in pymvate level in the early asphyxia can activate two main 

anaplerotic enzymes, alanine aminotransferase (Ala-AT) and pyruvate carboxylase which utilize 

pyruvate to maintain the Kreb's cycle pool. The second one is, an exhausted reselves in 

substrates suitable for anaerobic energy production (Erecin ' ska and Silver, 1989; Lutz, J 992). 

The fall in pH was closely cOlTeiated with increase in lactate level, both in brain and 

subcutaneous tissue. Indeed, an increase in lactate level preceded the drop in pH obselved in 

brain and heart tissue, which is in agreement with the idea that anaerobic glycolysis is the 

dominating cause of acidosis dwing asphyxia (Sit:sjO, 1988; Vannucc~ \992). The first sign of 

an impairment in acid-base homeostasis was obselved in lactate level monitored by 

subcutaneous micro dialysis, as early as 2-3 min following asphyxia . Although the OJigin of 

lactate measured from subcutaneous tissue by micro dialysis is not clear, the level reported here 

is by large in agreement with that reported ill other studies (Rehncrona et aI. , 1980; GutielTez et 

al., 1994; Henera-Marschitz et a1 , 1996). Striatal level was also similarly affected, although 

changes could not be seen before 5-6 min asphyxia. The increase in lactate level obselved 

following mild asphyxia was qnite remarkable compared to pyruvate, probably reflecting 

activation of phosphofiuctokinase to compensate a deficit in ATP, as well as activation of 

lactate dehydrogenase. The fall ill brain tissne lactate level afler 20 lnin asphyxia may be 

explained by the hypercapnia that leads to a decrease in glucose consumption (Folbergrova et 

al., I 972b), resulting in a progressive decrease in glycolytic metabolites. FurthelIDore, these 

groups of pups were so severely asphyxiated, that perhaps they had to utilize the existing lactate 
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as an altemative substrate for euergy metabolism (Schurr et al., 1988), which may also lead to 

reduction oflactate level. Indeed, it has beeu shown that uptake oflactate by neurons for energy 

metabolism is enhanced with decreased pH because of lactate/proton cotransport (Driugen et 

a1., 1993). 

5.3.2 Changes obserl'ed in the lel'els ojpyrtll'ate and lactate after 1-8 days 

In subcutaneous tissue, the slight decrease in pyruvate level and the significant decrease 

in lactate level observed with age in control pups indicate a nOllnal maturation process of the 

energy metabolizing enzymes. In asphyxic pups the initial lise in the levels of pymvate and 

lactate obtained during the immediate post-delivelY peIiod (40-80 min) were not obselved when 

investigated 24 Ius following delively. This indicates that the acute systemic biochemical 

disturbance that occun'ed in the petiphelY could he corrected in less than 24 ills. The levels of 

pyruvate and lactate then follow the nonnal development, as that of the controls at postnatal day 

1-8. As in the peIiphelY, striatal pymvate level correspondingly decreased in both control and 

asphyxic pups following 24 ills and made age related changes thereafter. In contrast, lactate 

level increased in control and mild asphyxia, but decreased in moderate and severe asphyxiated 

pups following 24 lu's after delivery. The increase is perhaps related to increased glucose 

uti1ization and lactate production as a result glutamate uptake induced increase in aerobic 

glycolysis since the level of glutamate decreased in these pups after 24 hrs. (Pelletin and 

Magistretti, 1994). In moderate and severely asphyxiated pups, however, the decrease may be 

atttibuted to an increase in its metabolism as an aitemative substrate for energy production 

(Schurr et aI. , 1988). Lactate stalted to drop significantly in asphyxiated pups following 

postnatal day 4. This is probably associated with the physical matwity of the rat pups. As age 

increases energy demand also increases, therefore, the accumulated lactate might be vigorously 

used to meet tlus demand. SchUll' et a!. (J 988) have shown that lactate is not sttictly an end 

56 



product of energy metabolism, but rather a secondary energy substrate which under certain 

circwnstances can become a principal energy sow-ceo 

5.3.3 Changes in the levels of glutamate and aspartate after 80 min 

The existence of two or more metabolically distinct pools of glutamate in the CNS was 

first suggested by Berl and Clark (1969). Fouuum (1984) has estimated that the transmitter pool 

accounts for 20-45% of the total glutamate found in the CNS. In addition, there is also a 

possible diffusion of the amino acids fi'om the metabolic to the new-onal pool (Laake et ai , 

1992; Schousboe et al., 1993). lllerefore, in most cases it is difficult to exactly point out the 

pool the measw'ed amino acids represent. In the periphery, extracellular glutamate and aspartate 

levels probably represent metabolic pool, since they have been shown to palticipate in 

mitochondtial oxidative phosphorylation in skeletal muscle (Blanchaer, 1964; GutielTez et a!. , 

1994). However, they might also Oliginate fi'om nerve terminals, since glutamate and aspartate 

like immuno-reactive fibers have been described in the region, where the subcutaneous 

microdialysis probe was implanted (Nordlind et aI. , 1993). In the striatum, glutamate has been 

described together with aspattate, in tellniuals fi'om corticostIiatal and thalamostliatal pathways 

(Dmce et aI., 1982; Sandberg et aI., 1985; Girault et al. , 1986; Pahner et aI. , 1989). 

Nonetheless, an intrastriatal glntamate-independent aspartate system has recently been descJibed 

(Pettersson et aI., 1996). lllerefore, striatal glutamate and aspaltate levels could represent 

different new-onal pools. 

Although glutamate synapses are probably immature in the newborn peliod, certain 

regions in tlle rat brain can have an ample supply of specific glutamate receptor binding sites by 

7 days of age. For example, the immatme coqJUs stliatum all'eady has the same concentration of 

glutamate receptors as the adult animal at this age (Johnston and Silverstein, 1987). Hence, 

though the synapses in the newborn pups are ilfuuature md lIOt mmy, they may release celtain 
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amount of glutamate required for normal development (see Teng et aI. , 1996). Therefore, 

whatever pool (neuronal or metabolic) the measured amino acids represent (see Schousboe et ai. , 

1993), it seems likely that, it is because of the immaturity of the synapses and metabolizing 

enzymes that it was not possible to observe greater changes in the levels of glutamate and 

aspaltate in this study during the 40-80 min peliod 

As repOited previously (Dell' Anna et ai. , 1995), it was observed that the levels of 

subcutaneous glutamate and aspaltate were increased followiug mild asphyxia. Moreover, the 

levels of brain tissue glutamate and aspartate were also increased by 10- 11 min asphyxia. 

Transient increase in EAAs has been observed in several experiurental models of asphyxia, and is 

implicated as a cause of cytotoxic cascade leading to brain damage (Barks and Silverstein, 1992; 

Johnston, 1993). The transient increase obselved in the present study may also be responsible 

for immediate and delayed neuronal changes observed after mild asphyxia (Dell' Anna et al., 

1995, 1996). Several explanations are possible for the transient increase: (i) inhibition of the 

ATP-dependent reuptake pump for the amino acids (Natio and Ueda, 1983, 1985); (ii) 

hydrolysis of adenine nucleotides leads to a rise in the concentration of inorganic phosphate, that 

stimulates the activity of glutaminase; (iii) a lise in concentration of pymvate on activation of 

glycolysis could enhance alanine production via the Ala-AT reaction leading to an increase in 

glutamate synthesis (Erecin'ska and Silver, 1990; Schousboe et al., 1993); (iv) early break down 

of adenine nucleotides perhaps lead to a rise in ammonia which could contribute to enhancement 

of glutamine synthesis and reductive amination (Schultz and Lowenstein, 1978). 

The obselved decrease in glutamate and aspartate with the length of asphyxia probably 

reflects inhibition of glutamate synthesis by the extreme anaerobic condition, palticularly by 

strong inhibition of glutaminase when the pH falls below 7. Whether this constitutes a protective 

mechanism against over production of the EAA transmitters remains to be established 

(Erecin' ska and Silver, 1990). Althouglr the shifl in aspaltate amino-transferase (Asp-AT) 
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reaction ought to increase glutamate concentration initially, later glutamate may be lost by 

decarboxylation to gamma aminobuyttic acid (GABA), or oxidation via the glutamate 

dehydrogenase reaction (Seisjo, 1978). lbis, latter reaction may also be responsible for the 

reduction in aspaltate level obsetved in late asphyxia. In addition, the sttiatal aspartate system, 

desctibed above, may particularly be sensitive to the asphyctic insult leading to inhibition of its 

synthesis (Lutz, 1992). 

5.3.4 Changes in the levels of glutamate and aspartate after 1-8 days 

Although there was a decrease in subcutaneous levels of glutamate and aspattate at 

postnatal day 1, a significant reduction was obsetved at postnatal days 4-8, probably reflecting a 

substantial increase in enzyme activity dwing development and restoration of normal metabolic 

processes. In contrast, the levels of glutamate and aspaltate in brain tissue, at postnatal days 1-8 

were almost identical in all pups, indicating that glutamate metabolism recovers almost 

immediately to maintain glutamate homeostasis. The concentration of glutamate in the eNS is 

low as compared to that in other organs (Erecin'ska and Silver, 1990, HelTera-Marschitz et ai. , 

1996) and there is a strict and complicated control of production and release of glutamate 

(Schousboe et al., 1993). Therefore, once the insult is over, it appears that every mechanism 

comes in to play to keep the pace of glutamate metabolism with development. 

5.3.5 Changes in the levels of monoamines after 80 min 

Following 80 min after delivety, the levels of monoamines were increased as early as 2 min after 

onset of asphyxia. However, the level of dopamine decreased when asphyxia was longer than 

16 min which is in line with other studies (see Obrenovitch and Richards, 1995). It is wotth 

recalling that striatal glutamate also decreased gradually when aspybxia was prolonged, but 

much more slowly than dopamine, probably because of progressive glutamate leakage liom its 
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large metabolic pooL The central dopaminergic system in the basal ganglia play an impOltant 

role in the control of motor behavior in rat (Ungrestedt, 1980). Thus, the behavioral changes 

p31ticularly, locomotion and motility, ohselved in the present study may be related with the 

reduction in dopamine turnover in moderate and severely asphyxiated pups. Therefore, this may 

indicate that 16-19 min of asphyxia seems likely to be the cIitical time interval to induce long­

lasting fimctional changes in the meso-stIiatal dopamine system It has been shown that 

dopamine receptors become fimctional duIing the prenatal peIiod, fi·om embryonic day of 17 

(Andersson and Gazzara, 1993) and severe hypoxia/ischemia results in loss ofD, and D2 (Kostic 

et al., 1991). Thus, changes in dopamine receptor fimction may also contIihute to the reduced 

10comotOlY activities observed following moderate and severe asphyxia. 

The increase in the levels of monoamines on asphyxia was not, however, matched 

by a similar increase in the levels of their deaminated metabolites. This may in part be atrIibuted 

to decreased monoamine oxidase (MAO) activity under the hypoxic conditions (Obrenovitch 

and Richards, 1995). It is believed that DOPAC is predominantly fOlmed fi·om newly 

synthesized stores of dopamine indicating the rate of dopamine synthesis, while HV A largely 

reflect metabolism of the released dopamine (Arbutlmott et ai., 1990),. 

Massive release of monoamines duIing asphyxia may not be, by itsett; responsible 

for initiation of neuronal damage. Monoamines, or their metabolic by-products, however, may 

become ueurotoxic. Monoamiues are readily oxidized, both enzymatically via MAO, and by 

molecular oxygen, generating potentially neurotoxic oxygen fi"ee radicals that have themselves 

been implicated as mediators of neuronal death (Obrenovitch and Richards, 1995). In addition to 

its neuromodulatory propelties, serotonin is also a potent vasoconstJictor, which may finther 

decrease blood flow in ischemia aggravating ischemic neuronal damage (Obrenovitch and 

Richards, 1995). Therefore, the acute increase in monoamines observed in this study may 

indicate a neurotoxic potential of monoarnines and their deaminated metabolites. Indeed, it has 
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been suggested that after carotid ligation and exposure to 8% oxygen, acute release of 

dopamine fi'om immatme nelve tenninals may be closely associated with the tlueshold of 

hypoxia-ischemia sufficient to initiate brain injwy (Johnston and Silverstein, 1987). 

5.3.6 Changes in the levels ofmonoamines after 1-8 days 

After postnatal day 1-8, there was an increase in the levels of monoamines, which 

could be associated with development. However, the increase in dopamine in the most severely 

asphyxiated pups was less pronounced than the shOlt asphyxiated and the controls, which shows 

that peIinatal asphyxia can produce a long-lasting reduction in the activity of the meso-s1:!iatal 

dopamine system. 

5.4 Role of hypothermia and plant extracts on sllrvival 

When asphyxia was induced under hypothennic condition, there was an increase in 

the rate of sUlvival ; profowld hypothennia providing better protective effect compared to 

moderate hypothennia. TIlis is in good agreement with studies conducted to show what 

degree ofhypothennia is necessary to offer nemoprotective effect in neonatal experimental 

rats (Young et a!., 1983). TIle slope for the sUlvival cmve at 37°C was steeper than that of 

30°C and ISoC, which was intelmediate and less steep respectively. The steeper the slope, 

the greater the change in sUlvival rate with a small increase in time. TIlliS, at 37°C, swvival 

decreased very rapidly with increasing time after 16 min and came to nil at 22 min even 

though the increase in time was smaller. In contrast, at 30°C and ISoC survival declined 

slowly over a period of time. 

The underlying mechanism for the nemoprotective effect of hypothennia is not well 

understood, but different studies conducted so far implicate the following mechanisms; (i) 

decrease in energy demand by slowing metabolic reactions; (ii) left ward sltift of 
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oxyhemoglglobin dissociation Clive; (ill) decrease in EAA efflux (Seisjo, 1978; Lo et aI. , 

1993); (iv) reversal of the postiscbemic inhibition of protein synthesis (Widmann et aI. , 

1993); (v) increased ubiquitin synthesis and protein ubiquitination (Yamashita et al., 1991); 

(vi) delay in calcium accumulation (Akira et aI. , 1991 ; Bickler et al. , 1994 ); and (vii) 

membrane stabilization or sealing (Urenjack and Obrenovitcb, 1996). Although different 

mechanisms have been proposed for the protective effect of hypothermia, all of them 

support the idea that hypothenma slows down metabolic rate, thereby reducing the over all 

oxy.gen requirement. 

Although there is no empiJical infollllation on the use of a pruticular plant for 

petinatal asphyxia, an attempt was made to cany out a pilot expetiment 01.1 certain plants which 

were believed to have celtain protective effect. However, the outcome was not as expected. 

Amongst the screened plants, ouly Heliotropium longifolium seemed worth consideting for 

futw·e invcs-tigation. The others did not show any significant effe\:t. The effect of Heliotropium 

longifolium is perhaps associated with its flavonoids which may have free radical scavenging 

property. 
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