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Lesson 3: Homeostasis Lab &

N/

Objective: To investigate how the consumption of different pre-workout and protein
supplements impacts physiological parameters related to homeostasis during and after exercise.

0 Introduction

Driving Question: Why might someone who exercises consume whey protein?

What do we still need to know to answer the Driving Question?

e What is whey Pro+ein?
e How does +a|<inﬁ whey protein help exercise?
e Do dl whey Pr'o+ein9 work the same way For someone who exercises?

e What is in whey Pro+ein that maokes it a goocl choice for someone who exercises?

- Part 1: Reading about Homeostasis

List any new ideas you have about the Driving Question because of the information from the
reading.

e How might whey protein impact the homeostasis mechanisms described in the
reading?

® Do the regulatory values in the Iaocly change whenh a person consumes whey protein
over time?

® | am curious how consuming whey protein chanaes the ways in which sensors and

effectors work to regulate varidbles in the body.

How do you think this reading relates to the phenomenon we are exploring?

The r‘eaoling describes what types of physiclogical mechanisms change in the bod\/. These
mechahisms are values that are +ypically impac’recl loy exercise, such as blood pressure
and +empera+ure. I+ explair\«; how when external factors chanﬂe, the internal environment

of the Iaody mus+ respond to return them to their 'set point'




%@é Part 2: Interpreting Homeostasis Models

Complete the information in the table using each of the models.

Model | Regulated Variable Sensor(s) Controller(s) Effector(s)
Nerve cells Brain Sweat 3landf—3
1 BOC‘Y temperature (ih skin and brain) (in Iaody)
5 Blood Baroreceptors Brain Heart
ood pressure (ih blood vessels)
3 Na* and water Adrenal 3\and~; Brain Adrenal 9\and«;
retention (in kidneys) (in kidneys)
Alpha and Beta Insulin Liver
4 Blood gucose cells

(in pancreas)

Briefly summarize the homeostatic mechanism taking place in each of the models in the appropriate
spaces below.

Model #1 - Body Temperature Regulation under Negative Feedback System

When body temperature exceeds 37 degrees Celsius, sensors in nerve cells in the skin and
brain take note of the change. This inFormation is communicated to the temperature
r‘eﬂulaﬁon center in the brain. It then relaye that infFormation to the sweat glands in the
body to activate them to cool the body back down, to achieve homeostasis.

Model #2 - Heart Rate Negative Feedback System

When there is an increase in heart rate due to some external factor, like 3ivinﬂ a
presentation, the change in blood pressure is sensed by baroreceptors in blood vessels.
That infFormation is sent on to the brain, which controls blood pressure. The result is an
output to the heart to communicate that it heeds to decrease heart rate to return the
body to homeostasis.




Model #3 - Effects of Aldosterone and ADH (hormones) on Kidney Function when Fluid Levels in Body are Low

When Fluid levels in the loody are low, the adrenal glandg in the kidneyc; release a hormone
called aldosterone to increase water retention and Not in the laody. The release of this
hormone is controlled by the Pi+u‘|+ary in the brain. It releases ADH (vasopressin) to the
Kidney«; to dert it that the Ioody heeds water to maintain homeostasis.

Model #4 - Blood Glucose Regulation under Negative Feedback System

When blood gucose levels rise, beta cells in the pancreas release insulin into the blood This
action couses the liver to take up 3lucose and store it as glycoaen. Other bod\/ cells also
toke up gucose, causing blood gucose levels to decline and return to homeostasis. The set
point for blood gucose is 90 mg/I00 mL.

When blood gluco«;e levels £all, dpha cells in the pancreas release ﬁlucagon This action
causes the liver to break down gycogen tfo release gucose into the blood, causing blood
aluco«;e levels to rise, which dlows the body to return to the homeostasis set point of 90
mg/lOO mL_.

How do you think these models relate to the phenomenon we are exploring?

The models are oll examples of different ways in which the body tries to achieve
homeostasis. When you exercise, these values change and the body needs to regulate
them | think that whey protein might moke these values different for people that take it
when exercising causing it to take longer/shorter time For their bodies to get back to

the 'set Poin+".

sty | Part 3: Case Study of Homeostasis in Action

To better understand how homeostatic loops and feedback mechanisms work together to maintain
regulated physiological variables, complete Figure 1 by filling in information after each letter. Use
Chart 1 for reference.
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C. Acceptable T, range in dairy cows: 38 ~39.3C

D. i T, is interpreted as being above the acceptable
range by the hypothalamus:

E. The hypothalamus will first reduce heat generating
mechanisms, then initiate efferent signals through
sympathetic vasodiator nerves leading to blood

Interpreting vessels in the skin and lungs, resulting in increased
»'9 \%\ / \ blood flow to the surface
Sensmg - — Respondmg S 4 )

F. Effector organs, in this case the blood vessels, are
A Detection of T, via thermoreceptors on the stimulated by nerves that cause dilation of arteries and

periphery, in internal organs and within the more blood flow to the siin
G. Effector activation is decreased when the hypothalamus

hypothalamus of the brain
detects decreased temperature of the blood, and
B. Triggering of afferent action potentials to the subsequently reduces dilation of arteries in the skin and
hypothalamus lungs

Figure 1. Thermoregulatory homeostatic loop. Relationship between sensors, interpreters and effectors to
maintain homeostasis of the regulated variable, Ts (body temperature). Temperature sensitive neurons
send information to the brain, which then interprets the information and causes a response by effectors
such as blood vessels in the dermis.

Suppose you are taking the vitals of a very sick cow and notice that her body temperature is 43 °C
yet none of her effectors have been activated to initiate cooling and her other vitals are within their
normal range. Which components of the homeostatic loop you completed above might be different
as compared to a healthy cow?

It seems that since the other vitadls, like respira+ory rate and heart rate, are within the
normal ronge For the sick cow the only ‘{'hil’lﬁ that is chanﬁing in the homeostatic loop is
the detection of increased body temperature, which is now at 43°C. Knowing this, one
option for the component of the loop that could be diffFerent in the sick cow when
compared to a heal’rhy one mi3h+ be some+hing wrong with the thermoreceptors in the
skin. When action potentials are activated like they would be when the sick. cow
experiences an increase in femperature, +hey send infFormation to the Inypo+halamus to
correct body temperature ond return it to the set point of 38-393°C. The other option
For the component of the loop that is dif-Ferent For the sick cow that might be
difFerent For the sick cow is the I:uncﬁonina of the hypothdlamus in the brain it is not
recognizing that there is an increase From the set temperature of 38-39.3°C. since the
other vitals are not changin@ it seems that the hypoﬂ-ualamus in the brain is not causing

dilation of the arteries and stimulating the nerves in orgons ke Hhe skin and lungs. | do not
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think there is anything wrrong with the eFfector orgons (the blood vessels) becouse heart
rate and respiration rate are not changed & they were impacted, there would be diation
of arteries, resulting in more blood Hlow diverted to the skin ond likely increase heart
rate and reepira’rory rate as a response. This is not haPPening based on the infFormation

we khow adbout the sick cow.

; || Part 4: Homeostasis Lab

In the space below, summarize your experimental design. Be sure to include details about the
general design of the experiment, the physiological parameters that you will be measuring, and
information related to how you plan to collect your data.

Workina together (in Pair«;), we wil have | of us take C4 Pre-Workout or Optirmum
Nutrition Gold Standard Pre-Workout 30 minutes before we work out | of us will not
toke ony supplements before working out. We will measure our baseline data For the

Pollowinﬁ physiological parameters: heart rate, blood pressure, bocly temperature, and
RPE. Our data table wil look. like +his:

Measurement (time token) Control érroup Experimen+a| ﬁroup
(ho supplemerﬁr) (Pre-workou+ euPPlemenJr)

Heart rate

Blood pressure

Bocly temperature

RPE
(Ra‘rinﬂ of Perceived Exertion)

We will be doing the Po\lowina workout circuit at a moderate level of intensity: | minute
each of jumping jacks, squats, push-ups, mountain climbers, high knees. We will rest For 2
minutes ond then repeat the circuit a second time. lmmedia-haly ofter we work out, we
will take our data and record it in our data table. We will wait for 10 minutes and
measure all of these values again to see i we have achieved homeostasis. After this, we
will compare the data obtained For the control group (that did not take a supplement) to
the experimental group (that did take it before working oub) to see if there are any
difFerences or simiarities.




Use the space below to record your experimental results.

Baseline Measurements
Pre-Workout

Control érr'oup
(ho
supplemenﬂ

Experimental Group (Pr'e—wor'kou+
supplemenﬂ

Heart Rate 72 BPM 75 BPM

Blood Pressure 18/7G mmHg 20/78 mmHg

Body Temperature 98 FF 98.2°F

RPE (Kaﬁnﬂ of Perceived [ |

Exertion)

P ost-Workout Measurements | Control Group | Experimental Group (Pre—wor‘kou+
Immediately After Exercise |(no supplement)

supplement)

Heart+ Rate 142 BPM 55 BPM

Blood Pressure BG/85 mmHg | 145/90 mmHg

Body Temperature 99 4-F 99 &*F

RPE (Kaﬁnﬁ of Perceived 7 8

Exertion)

P ost-Workout Measurements | Control Group | Experimental Group (Pre—wor‘kou+
During Cool Down (ho eupplemenﬂ

(10 minutes after exercise)

supplement)

Heart Rate 88 BPM 95 BPM
Blood Pressure 25/80 mmHg | B0/82 mmHg
Body Temperature 98.°F 98.8°F

RPE (Rating of Perceived 3 4

Exertion)




In the space below, provide a summary of your data. Use this space to organize your thoughts, using
direct evidence from your experimental findings, and connect this evidence to the phenomenon and
related Driving Question.

Before workina out, both the control and experimental group had similar values For
heart rate (72 BPM vs. 75 BPM), blood pressure (I8/76G mm/Hﬁ vs. 120/78 mmHg), body
temperature (98.1°F vs. 98.2°F), and RPE (I for both aroups‘).

Immedia-fel\/ ofter exercieinf} the experimerﬁaI group had hiﬁher measurements than the
control group For dl of those values. Heart rate was 3 BPM higher, blood pressure was
higher For both systolic and diastolic values - B36/85 mmHtg vs. 145/90 mmHg, Iaocly
temperature was 0.2°F higher at 99.6°F, and RPE was | point higher‘ at 8.

I0 minutes after exercisin@ the values were much closer to one another again, but the
experimental group was still hiaher‘ than the control group. Heart rate was 7 BPM Iniaher',
both systolic and diastolic values were higher - 125/80 mmHg vs. B0/82 mmHg, both
temperature was still 0.2°F higher but it was closer to 'normal' at 98.8°F, and RPE was
still I point higher, but wos lower at 4.

Part 5: Constructing an Explanation About the Impact of Pre-Workout and Protein

- Supplements on Homeostasis During and After Exercise

Use the findings from your investigation to construct an explanation to the Driving Question: Why
might someone who exercises consume whey protein?



Earlier in the unit, we learned that proteins are importont For many Iaody processes.
Proteins are composecl of essential amino acids that can only be obtained through
proper nutrition as our bodies cannot Produce them.

In this experiment, we looked at how cohsuming a pre-workout or protein supplement
might impact our bodies as we exercise. Based on the data we obtained, it seems like
students who took a Pre—workou+ guPPlemem had hiﬁher measurements for heart rate,
blood pressure, loody temperature, and RPE.

Depending on the type of exercising a person is doing they might consume whey protein
to moximize the bodily effects of their workout. In the same type of activities over the
same amounts of time, people who did not take a supplement before working out had
lower measurements for al of those values. People who took. the gupplemerﬁ seemed to
get ‘more of a workout' because it is clear their bodies were working harder. The
evidence we have For this is not Ju9+ the increase in measurements irnmedia+ely ofter
their workout, but dlso that most values were still higher I0 minutes after exercisina.
Even +hough those values were much closer to the control group, +hey were still ngher
than their 'normal' baseline measurements at the start of the experiment.

A person who is Iookinﬁ to ae’r o +hor'ou€]h workout in a short amount of time mialrﬂ-
cohsume whey Pr'o+ein to achieve this.




