Effect of Thunbergia laurifolia Extract on Cerebral
Blood Flow in Rats
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Background: Thunbergia laurifolia Linn. (TL) is a herbal medicine which has been used as an antidote for several poisonous
agents including insecticides and as a component of a mixture of crude extracts to treat drug addicted patients. The previous
study using Functional Magnetic Resonance Imaging (fMRI) technique found that oxyhemoglobin: deoxyhemoglobin increased
in amygdala, caudate and nucleus accumbens by TL. These areas represent reward and addiction behavior.

Objective: The present study aim to investigate the direct effect of TL (100, 200 and 300 mg/kg) on cerebral blood flow, mean
arterial blood pressure, partial pressures of oxygen and carbondioxide in normal rats.

Material and Method: Methanol extract of TL (100, 200 and 300 mg/kg, n = 12 in all groups) was administered
intraperitoneally to rats. Cerebral blood flow, mean arterial pressure, pH, PO, and PCO, were measured at 5 min before, 5,
10, 20 and 30 min after injection.

Results: The results showed a significant increase in cerebral blood flow and mean arterial blood pressure in a dose-related
manner, but partial pressures of oxygen and carbondioxide were not affected.

Conclusion: The finding explains that TL cause the increase in oxyhemiglobin: deoxyhemoglobin by increasing cerebral

blood flow and mean arterial blood pressure.
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Thunbergia laurifolia Linn. (TL) or Rang
Jued, in Thai, is a herbal medicine used as an antidote
for several poisonous agents in Thai traditional
medicine. Different parts of the plant are used for
various medicinal purposes including an antidote
for insecticide, ethyl alcohol, arsenic and
strychnine poisoning, an anti-inflammatory agent and
antipyretic®®. There are no published clinical trials
on the use of TL in the treatment of drug addiction,
but this plant has been used extensively as a
component of a mixture of crude extracts to treat drug
addicted patients®.

The scientific report demonstrated that TL
potentiated the effect of amphetamine on potassium-
stimulated dopamine release from rat striatal slices®.
The results indicated that TL may stimulate dopamine
release in a similar manner to amphetamine. There is
extensive evidence linking changes in dopamine
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function to the pharmacology of addictive drugs and
the development of drug dependence®. Mapping of
functional MRI (fMRI) signals in response to saline
or TL (200 mg/kg, ip) indicating changes in signal
intensity in amygdala nucleus, caudate nucleus and
nucleus accumbens®”. The fMRI utilizing the innate
paramagnetic difference between oxyhemoglobin and
deoxyhemoglobin called blood oxygen level-dependent
(BOLD) contrast as a proposed functional correlate of
neural activity®!9, Because oxyhemoglobin and
deoxyhemoglobin have different magnetic properties,
changes in metabolic activity that alter the ratio of
oxygenated to deoxygenated hemoglobin are revealed
by changes in magnetic resonance signal intensity®©.
Therefore, the present study was performed to
investigate the cause of changes in hemodynamic
parameters in response to TL in order to explain the
effect of TL on neuronal activity.

Material and Method
Animals

Male Wistar rats, weighing 220 to 250 g, were
obtained from the National Laboratory Animal Center,
Mabhidol University, Thailand. They were housed in
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groups of 4 to 6 in a room with a 12 hours light: 12
hours dark cycle and allowed free access to laboratory
pellets (National Laboratory Animal Center, Thailand)
and water. All animals were cared for in accordance
with the International Guiding Principles for Biomedical
Research Involving Animals provided by the National
Research Council of Thailand (Animal license No.
SWU-MED 15/2557).

Crude extraction of TL

Thunbergia laurifolia (TL) was obtained
from Wutythamawech botanical garden and the
identification confirmed by comparison with the
herbarium specimens in the Botany Section, Technical
Division, Department of Agriculture, Ministry of
Agriculture and co-operative, Thailand. The method
of extraction was the same as in previous reports®t12,
TL at the concentration of 100, 200 and 300 mg/kg was
prepared freshly in the morning and was administered
intraperitoneally to the rat at a volume of 2 ml/kg.

Animal preparation

The animals were divided into groups of 12
and the preparation was performed according to the
previous study®. On the day of experiment, the rat
was anesthetized with pentobarbital sodium (60 mg/kg
bw, ip). After a tracheotomy was performed, the rat
was ventilated mechanically with room air
supplemented by oxygen. A femoral artery was
cannulated for the measurement of blood pressure and
analysis of blood gas. The blood pressure was
monitored throughout the experiment using a pressure
transducer (PowerLab System, AD instruments). The
blood gas and pH levels were maintained within the
physiological limit, where PCO, = 35 to 45 mmHg, PO, =
100 to 120 mmHg, and pH = 7.35 to 7.45 by using a
blood gas analyzer (Model 278, CIBA CORNING,
England).

Cerebral blood flow (CBF)

A craniotomy was prepared to expose the
anterior cerebral cortex and dura was opened. A stainless
metal frame with a circular window was fixed to the
cranial bone. An artificial cerebrospinal fluid (ACSF;
compositions: NaCl 118.0, KCI 4.0, MgS0O, 1.2, CaCl,
1.5,NaH,PO, 1.2, NaHCO, 25.0, glucose 5.0 in mM) was
superfused. The CBF was monitored in the intracranial
space by laser Doppler flowmetry (DRT4, Moor
instruments). The fiber optic needle probe of laser
Doppler flowmetry was mounted on a micromanipulator
and connected to a laser Doppler flow perfusion monitor
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(Moor software). The CBF data were collected from 2
locations of cranial space and recorded 3 times in
each location. The CBF values were the average values
of the mean of each location. The CBF was presented
in perfusion unit (PU).

Rats were divided into 4 groups, control
(Sterile normal saline), 100, 200, and 300 mg/kg, ip of
TL,n=12inall groups. CBF was measured 5 minutes
before injection of vehicle control or TL and 5, 10, 20,
and 30 minutes after injection.

Statistics

The data were presented as mean + SEM and
analyzed using ANOVA and a post-hoc (Newman-Keuls
multiple comparison) test with p<0.05 considered
significant.

Results

The effect of TL (100, 200 and 300 mg/kg, n =
12) on cerebral blood flow compared with control was
shown in Fig. 1 and Table 1. TL 100, 200 and 300 mg/kg
significantly (p<0.001) increased CBF from 5 minutes
after injection onward when compared with control.
Systolic and diastolic blood pressure were increased
by TL resulted in a significant (p<0.001) increased of
mean arterial pressure with time in every doses of TL
when compared with control. The results were shown
in Fig. 2 and Table 2. TL in all concentration used have
no significant effect on pH, PaO, and PaCO, (Table 3).

Discussion

The previous finding using fMRI demonstrate
areduction in the concentration of deoxyhaemoglobin,
leading to an increase in the BOLD signal seen in
activation®. Overall, the increases in BOLD following
TL administration indicate that the plant extract
produced enhanced neuronal activity in specific brain
regions i.e., amygdala, caudate and nucleus accumbens
similar to the action of cocaine®- The results of this
study demonstrate the increase in hemodynamic
parameters by TL in these areas. There is report that
dopamine induced dissociation of BOLD® which
explained the involvement of TL on dopamine release®
and the increase in the BOLD signal and the increase in
blood flow leads to an overshoot of blood flow in
comparison to cerebral blood volume, oxidative
metabolism and a fall in the oxygen extraction
fraction®®, The hemodynamic parameters changes
such as increased cerebral blood flow, cerebral blood
volume®” and increased oxygen levels®9 represent
the increase in brain activities. The blood gas and pH
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Fig. 1  Effectof TL (100, 200 and 300 mg/kg, n = 12 in all groups) on cerebral blood flow (PU) at various times. Data are
presented as mean + SEM. ***p<0.001 using ANOVA and post-hoc (Newman-Keuls multiple comparison) test

when compared with control.
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Fig. 2 Effect of TL (100, 200 and 300 mg/kg, n = 12 in all groups) on mean arterial pressure (mmHg) at various times.
Data are presented as mean + SEM. ***p<0.001 using ANOVA and post-hoc (Newman-Keuls multiple comparison)

test when compared with control.
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Table 1. Effect of TL (100, 200 and 300 mg/kg, n = 12 in all groups) on cerebral blood flow (PU) at various times

Cerebral blood flow (PU)

Control TL 100 mg/kg TL 200 mg/kg TL 300 mg/kg
Pre-test 219.81+3.23 216.63+4.46 220.18+3.40 217.28+1.84
5 min before experiment 219.11+2.75 222.78+7.08 219.83+2.94 221.10+1.47
5 min after experiment 217.54+1.67 268.96+20.78*** 357.10+10.41%** 320.41+38.21%**
10 min after experiment 218.07+3.92 271.15+16.91%** 354.78+5.41%** 350.96+21.27%**
20 min after experiment 218.11+1.75 284.15+13.50%** 350.29+3.56%** 368.58+12.34***
30 min after experiment 219.76+2.43 287.48+11.94%** 354.62+3.99%** 373.92+13.83***

Data are presented as mean + SEM

*** p<0.001 using ANOVA and post-hoc (Newman-Keuls multiple comparison) test when compared with control

Table 2. Effect of TL (100, 200 and 300 mg/kg, n = 12 in all groups) on mean arterial pressure (mmHg) at various times

Mean arterial pressure (mmHg)

Control TL 100 mg/kg TL 200 mg/kg TL 300 mg/kg
Pre-test 94.44+3.79 96.22+7.10 93.78+4.42 95.58+3.67
5 min before experiment 94.56+3.76 95.67+7.26 95.00+6.15 96.04+3.04
5 min after experiment 95.22+4.20 105.17+7.36*** 108.78+10.22*** 112.58+11.37***
10 min after experiment 95.56+3.85 109.89+7.56*** 111.1149.76*** 118.25+10.75***
20 min after experiment 96.06+2.86 113.11+8.53*** 115.28+6.19*** 120.17+6.52***
30 min after experiment 95.00+1.87 115.56+5.87*** 114.50+5.95*** 120.83+6.76***

Data are presented as mean + SEM

*** n<0.001 using ANOVA and post-hoc (Newman-Keuls multiple comparison) test when compared with control

levels were maintained within the physiological limit
throughout the experiment.

Conclusion

The present study demonstrates that TL
significantly enhanced CBF and mean arterial pressure
in rats. From the previous finding, TL significantly
increase activity in specific brain areas i.e. amygdala
nucleus, caudate nucleus and nucleus accumbens
which involved in drug addiction by increasing various
hemodynamic parameters. Importantly, in view of the
anecdotal reports that TL extracts can be used to treat
both drug toxicity and addiction, the increases in activity
are particularly found in brain areas richly innervated
by dopamine, which is associated with both drug
reward and addiction®2Y, There is increasing interest
in the development of drug treatments for addiction,
and the present study suggests that a possible action
of such drugs is through the increase in hemodynamic
parameters in the same brain region i.e., same
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neurotransmitter system as that involved in addiction.
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Table 3. Effect of TL (100, 200 and 300 mg/kg, n = 12 in all groups) on pH, PaO, and PaCO, at various times

Control TL 100 mg/kg TL 200 mg/kg TL 300 mg/kg
Pre-test 7.33+0.04 7.32+0.05 7.33+0.06 7.24+0.03
10 min after experiment 7.36+0.03 7.37+0.03 7.30+0.02 7.24+0.10
30 min after experiment 7.39+0.05 7.32+0.03 7.32+0.01 7.29+0.06
pO2 (mmHg)
Control TL 100 mg/kg TL 200 mg/kg TL 300 mg/kg
Pre-test 107.75+4.84 111.78+4.24 120.04+4.65 114.66+3.06
10 min after experiment 110.30+4.27 111.8+8.92 116.92+5.92 121.26+11.49
30 min after experiment 110.02+6.04 112.5+4.55 117.48+4.27 116.36+3.80
pCO2 (mmHg)
Control TL 100 mg/kg TL 200 mg/kg TL 300 mg/kg
Pre-test 38.05+3.03 37.56+1.12 38.10+2.59 36.73+2.73
10 min after experiment 38.47+2.77 38.78+2.18 38.68+2.55 36.76+3.15
30min after experiment 37.67+4.45 38.94+1.07 38.20+2.55 35.76+2.05

Data are presented as mean + SEM using ANOVA and post-hoc (Newman-Keuls multiple comparison) test
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