
ABSTRACT
This report describes an attempt to incorporate an endocrinology experiment into an undergraduate course in human anatomy and

physiology (BIOL 206). The overall goal of the experiment is to assess glucose tolerance in humans.  The experiment involved two

groups of subjects (student volunteers) and was repeated in each of three laboratory sections.  One group (n=5) ingested 500 mL of 

10% sucrose solution (SIP).  The second group (n=5) took the solution into their mouths, but then immediately expectorated it into a 

sink (SPIT).  Blood samples were taken from the fingertips of each subject, using spring-loaded lancets, immediately before 

treatment and 10, 20, 40 and 60 min following completion of treatments.  Concentrations of glucose were measured in all blood

samples using a commercially available glucometer. In all SIP groups concentrations of glucose increased robustly, reached peak 

concentrations within 20 min, and then declined at a gradual rate.  The SPIT groups exhibited one of two responses.  In the first two 

sections glucose levels increased slightly within 20 min and returned to pretreatment levels by 30 min after treatment.  In the third 

section, concentrations of glucose decreased slowly throughout the post-treatment period.  The responses of the SIP groups agrees 

with previous work showing that ingestion of glucose stimulates release of insulin which then acts on various tissues to clear glucose 

from the circulation.  The variation in responses within the SPIT groups was unexpected.  The different responses might be related to 

the fact that students in the first two sections appeared much more excited and anxious than those in the third section.  In summary, 

the results verify that this experiment can be successfully executed by undergraduate students and provide repeatable data that 

illustrates a fundamental principle of endocrine physiology.

INTRODUCTION
It is increasingly common for Biology Departments to offer coursework in human anatomy and physiology to prepare 

undergraduate students for admission into graduate schools in the allied health professions.  These courses typically include

laboratories that emphasize anatomy more than physiology.  This is due to the fact that laboratory exercises in physiology require 

extensive preparations and frequently involve expensive equipment.  Moreover exercises in areas such as endocrinology are rarely

addressed in such because they involve the additional burden of collecting and handling blood and/or tissue samples.  Nevertheless 

Moats (2009) recently described an endocrinology experiment to teach undergraduate students a fundamental physiological concept 

regarding regulation of blood glucose concentrations.  One of the more attractive features of this experiment is that it requires 

inexpensive materials that are readily available.  This report describes an attempt to incorporate this experiment into a human 

anatomy and physiology course offered at SUNY Oneonta (BIOL 206). Specifically, the exercise addresses the following learning 

outcomes.

•Sampling and processing human blood using accepted techniques for handling potentially hazardous biological fluids.

•Operating a glucometer to measure blood concentrations of glucose.

•Conducting and interpreting a glucose tolerance test. 

•Providing valid physiological explanations for changes in blood glucose concentrations.

MATERIALS AND METHODS

The exercise was repeated in each of three laboratory sections.  In each section students were asked to volunteer to serve as subjects 

or technicians.  Ten students became subjects in each laboratory.  The remaining 8-10 students became technicians.  Subjects were 

expected to fast (i.e., consume nothing but water) for at least one hour before class and allow technicians to collect five blood 

samples from one or more fingers using the “finger-stick” technique.  This involved the use of a sterile, spring-loaded lancet (Figure 

1).  Technicians were responsible for implementing proper sampling techniques and recording data.

Subjects were divided randomly into two groups.  The SIP group consumed 500 mL of a 10% sucrose solution within a five-minute 

period.  The SPIT group took sips of the sucrose solution but then immediately expectorated it into a sink.  Blood samples were 

taken immediately before treatments and at 10, 20, 40 and 60 min after completion of treatments.  Glucose  concentrations were 

determined using a commercially available blood glucose monitoring system (Freestyle Freedom Lite, Abbott Diabetes Care Inc.).  A 

drop of subject’s blood is placed onto the sample area of a test strip and inserted into a glucometer (Figure 1) which displayed the 

glucose concentration within 5 seconds.  Data were recorded and mean values of glucose were calculated at each sampling time for

both the SIP and SPIT groups.
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RESULTS
The following figures show the average concentrations of glucose in 

blood of subjects (n = 5) immediately before (time = 0) and following 

treatments.  Data for sections 01, 02 and 03 are shown in figures 2,3 and 

4, respectively.

DISCUSSION
Students in all sections completed the exercise as planned.  All blood samples were collected at the designated times and the

glucometers produced physiologically meaningful data.

The results from the SIP groups are compatible with those reported by Moats (2009) and are consistent with glucose tolerance 

curves reported in the scientific literature (Phillips et al., 1994 ).  In each laboratory section concentrations of glucose increased 

rapidly following ingestion of sucrose, and reached peak concentrations by 20 minutes following completion of treatments.  This 

increase reflects absorption of glucose by the small intestine.  Once glucose levels reached maximum levels, concentrations 

declined gradually due to clearance of glucose from the blood.  This response is well established and is attributed to the actions 

of insulin, a hormone released from the pancreas in response to an elevation in blood glucose concentrations.  (Phillips et al., 

1994 ).  

Concentrations of glucose in the SPIT groups were much lower than those of the SIP groups because there is no appreciable 

glucose absorption in the mouth.  It is noteworthy that the results from the SPIT groups were more variable than those of the

SIP groups; that is, concentrations increased slightly in sections 01 and 02 whereas concentrations decreased in section 03. This 

difference may be associated with the fact that students in sections 01 and 02 were more talkative and  appeared to be more  

active than students in section 03.  It is possible that the responses of students in the first two sections is due to release of adrenal 

hormones which have been shown to enhance release of glucose from the liver (Desborough, 2000).  In contrast, the decrease in 

glucose concentrations exhibited by students in section 03 may be due to the fact that the mere taste of glucose induced release of 

insulin, which then promoted clearance of glucose from the blood (Just et al., 2008 ).

SUMMARY AND CONCLUSIONS
The results of this experiment are consistent with those previously reported by Moats (2009).  Moreover the results are in 

agreement with the voluminous literature on glucose tolerance in humans.  The fact that students in three laboratory 

sections successfully completed the experiment and produced consistent results indicates that this exercise is well suited 

to an instructional setting.  The success of this exercise provides the foundation for future studies designed to assess the 

extent to which this instructional approach enhances learning.
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