DOI:10.6661/TESFE.2001011 aEE sFormosan Entomol. 21: 133-145 (2001) 9L ERE Research report

JFormosan Entomologist

Journal Homepage: entsocjournal.yabee.com.tw

Effects of Glucose on the Cardiac Output of Cockroaches by Video Image Analysis [Research
report]

FROMRFNREAD RIS O0HEENNE (HRRS]
Jen-Pu Tsai, Pi-Chi Hwang, Li-Chu Tung, and Jin-Tun Lin*
R - B8 - BEEXK - MEEY
*BAEEE-mail :[F t43004@cc.ntnu.edu.tw
Received: 2001/03/01  Accepted: 2001/04/13  Available online: 2001/06/01
Abstract
The cardiac activities of cockroaches (Periplaneta americana) were studied by video image analysis, and the effects of feeding a
glucose solution on the cardiac output were investigated. Stroke volumes of insects were determined from differences in end-
systolic and end-diastolic volumes of the heart ; this was multiplied by heart rate to yield cardiac output. We investigated the
effects of feeding glucose on the cardiac output of male adult insects. Control groups were fed distilled water, and experimental
groups were fed glucose in various concentrations. The results show that the feeding of glucose solutions up to 5% in
concentration significantly increased heart rate, but non-significantly affected stroke volume. Feeding a 10% glucose solution
increased the heart rate by 14.37+4.70 % compared with the feeding of distilled water (p < 0.01, n = 10), but non-significantly
increased stroke volume. Feeding a 10% glucose solution also increased cardiac output by about 14.13+3.18 % compared to the
control group (p<0.01, n = 10). The mechanism by which feeding glucose increases the heart rate and cardiac output of
cockroaches is discussed.
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Fig.1. Diagrammatic illustration for study on the cardiac activities of cockroach by video image analysis
(a) and changing the insect plate into 0° or 30° during measurement (b ).
MS: dissecting microscope; CM: camera; VCC: video computer card; PC: personal computer; IS:
image storage, DC: data collection; DA: data analysis. Cockroach was in natural position limited in
animal chamber. The heart image of the first abdomen segment was picked and stored into PC soft
ware throught dissecting microscope. The heart images could be picked up from horizontal
direction (0° ) or oblique direction ( 30° ).
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is during diastole. ( a) cockroach was limited il
the animal chamber showed heart. ( b ) sys is the systole of heart and dia is the diastole of heart. (c )
Illustration for the relationship of D, Hand T. thus D = 2 (H-v 3HT + T . (d) stroke volume is representec
by the changing area (A) and A is measured by r and D, thus A =t ( 2D + D?).
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Fig.3 (a) Diagrammatic illustration for checking the relationship of H and T values (n = 12). (b ) The relationship of H
and T values is almost linear, and their relation value is near 1.0.
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Fig.4 Time effect on the heart rate ( HR ) of feeding glucose solution (10% ) (n=4) . All data were standardized by
control as 100% . v represents the data after feeding glucose solution for 5 sec, represents the data by
feeding distilled water. Each point represents the mean of 4 data and bars show standard deviation ( same in

fellow figs. ).
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Fig.5 Dose responses of the heart rate ( HR ) of feeding glucose solution (4%  40% ). Control groups were fed by
distilled water, and experimental groups by glucose in various concentrations ( 4% 40% ). No effects on HR
by feeding 4% glucose, however, significant effects on HR by feeding glucose over 5% in concentration and
maximal response on HR by over 10% in concentration. (* p<0.05 * p<0.01 ** p<0.005).
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Fig.6. The effects on the stroke volume ( SV ) of feeding glucose solution in various concentrations. No significant

effects on SV by feeding glucose solution in any concentration (p 0.05).
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Fig.7. Dose effects on the cardiac output ( CO ) of feeding glucose solution ( 4%
effects of glucose on the CO are similar to that of HR. (* p<0.05 * p<0.01 ** p<0.005)
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Effects of Glucose on the Cardiac Output of Cockroaches by
Video Image Analysis
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ABSTRACT

The cardiac activities of cockroaches (Periplaneta americana) were studied
by video image analysis, and the effects of feeding a glucose solution on the
cardiac output were investigated. Stroke volumes of insects were determined
from differences in end-systolic and end-diastolic volumes of the heart ; this was
multiplied by heart rate to yield cardiac output. We investigated the effects of
feeding glucose on the cardiac output of male adult insects. Control groups were
fed distilled water, and experimental groups were fed glucose in various
concentrations. The results show that the feeding of glucose solutions up to 5%
in concentration significantly increased heart rate, but non-significantly
affected stroke volume. Feeding a 10% glucose solution increased the heart rate
by 14.37+ 4.70 compared with the feeding of distilled water (p 0.01, n =
10), but non-significantly increased stroke volume. Feeding a 10% glucose
solution also increased cardiac output by about 14.13+ 3.18 compared to the
control group @ 0.01, n = 10). The mechanism by which feeding glucose
increases the heart rate and cardiac output of cockroaches is discussed.

Key words: images analysis, Periplaneta americana, stroke volume, cardiac
output, glucose.



