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Metabolism

An
Experiment
on a Bird in

the Air
Pump
Joseph
Wright of
Derby, 1768

I n previous presentation we foll owéfd studie
Century. As the Scientilfdi doRenas!| stuichhn apr ¢ bhee d
aside and experiments became the way to under
t h new scientific approach to understanding
container and csahnowso tlhoantg etrh el ibvier dwi t hout ai r.
of he experiments cddutchleadn d np uibgl 6iBsohbeed ti MBoy
Oxygen in the air is essential to human | ife.
reactions that occur in | ivmetgd oy grbia)l slaesidn | t
(thriopw) signifies the c¢changesantahbaotl iasrne (eafnfae, c tuep
t he productionianfd neavt amanpidsurh d(sda tea,k ddbownn )o f
compounds

From the Wi kipedia notes on the painting

The witnesses display various emotionsd, one o
while the other iIs too upset to observe and i
them di spassionately timing the experiment) a
l overs to the |l eft of therplenscingntairet albisms & |
directly out of the picture, as i f chall engin
continue, killing the bird, or whetReTro t he ai
one side of theodblyt @aa' £ hempteprcagdecan be sec
heighten the drama it is unclear whether the
bird to be replaced after the experiment or h
oaupant' s death. ¢é The powernfiwalrec&micmal Thieghi g
i I I umihreatsicregnet has fbeebrdkebcanbedtasould only
( Ki mmel man)
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Al t hough everyone im etmae kpawdmaisiti gsit mter il § gihhg t o
darkness. This suggests that much of the scie
was stumbling in the dark. We discovered new

The Scientific Method

Francis Robert Thomas Herman

Bacon Boyle Sydenham Boerhaave
(1561:1626) (16271691) (16241689) (16681738

In hisNovumOrganumScientiarun(1620), Bacon proposed that science
should begin by careful observations, and then procced to the induction of
gener al principles. He cautioned
of the mindd). These ideas set th

Bacondég poer tryaiFrans P6éLdbus the younger,
Portrait of Boyle 168%y Johann Kerseboom |,
Sydenhamoés portrh689is by Mary Beal e,

Boer haaved®ds pCorrtnreH7i3s5 iT¥ ost ,

Novum Organum ®eiwentnisamwment of science.

fhe News(R6P@Bacon i magi ned -acige mtuipstod wiho | waro

I

together in Solomonés House to discover new Kk
t he Royal Socik6860 was founded in

For Bacon and his folliokweresx peakipendenppéss wef @
Lacking hypotheses theypfofuens|l adthoutheaeangcou
Al t hough careful observation is important, so
k e to sci emMtoiwfaidaydi snoodgwveray.t ention i s paid to
Boyl e made I mportant observations about press
pressure of a gas is inversely proportional t
experiment a3l oob®éowvati on

Two of the great clinicians of the time were
Her man Boerhaave in Leyden. Both provided ver
di seases. Sydenham providewi tchAsagcodesbei pi m
go.btci enti fic medicine was concerned with diag
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The Color
of Blood

Drops of arterial and venous blood

Boyle conducted multiple experimental observations on human blood. He
confirmed that the color of arterial and venous blood was different, a fact t|
had been reported by the physician Thomas Lower in 1669. He also exam
bl oodds response to various alche
specific gravity between the dark red blood clot and the yellow serum. He
knew that air was essential to life from his experiments with the air pump.
he was unable to see how the blood carried oxygen to the body. At that tin
oxygen had not yet been discovered (Priestley in 1774) and no one had y4
seen red blood cells under the microscope (Jan Swammerdam, 1658).

We now know that the main function of the bl o
ti ssues where itscabsoebed Wwrom nbher'gen to cr

Century we had no idea of what Dblood was or w
bl ood was one of the humors was being treated
bl ood mihgpwt cooamain vital spirits. Others wond

saved by the blood of the | amb.

Arthur C o g 8loal e

Transfusion 1652 e wagh
In 1668, Richard Lower reported to _"*p_
the Royal Society that he had "‘-"——z--"“‘

transfused the blood of a sheep intg
the vein of ArthurCoga a patient
who was mildly insane. The idea
appears to have been that the bloog-
of a gentle animal might calm

C 0 g tedmestuous natur€oga
lived but his nature remained
unchanged. JeaBaptiste Denys
had done the same thing in France
the year before. Subsequent studie
resulted in the death of several
patients. The Royal Society banneds=
the procedure.

This event illustlit@emtsurtyh.e B marsierne motfs twer e 7c ¢
that nowadays woUdlrdnsdemimonss o siacnalmal bl ood
usualluge a severe i mmune reaction in the reci
failure and death. The reason some of the ear
only a smaéif Bimood or that most of the bl ood
intravenousl! y.
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Transfusions between human beings are only sa
typing was discovered by the Austeiadephiybied
ABO Dbl ood tfyapetsor Twas RiPedplor t ed i n t he

Occasi onal bl ood transfusions to replace | ost
years bo@erthwer 2.0 Bl ood banks and bl ood ithrgansf u s
Wor |l d War |

During the 11 Centuryscientists L 6 Ho miviaehine

and philosophers began to think
of the human body in terms of its
physics and chemistry. In his
Traitédel 6 Ho (hG64) René
Descartes proposed a simple
mechanical explanation of the
reflexive withdrawal from pain.
The movement of the heat
particles (A) pull on the thread
(C) which opens a pore (de)
which releases the animal spirits
from the cavity (F) which then
activate the muscles. These ideag
culminated in the book 6 Ho mme (¥ £ €
Machinepublished bydulien o e
Offray de LaMettriein 1747.

from the Engli3$hattr@nsl ation of the

e if the fire A is close to the foot B, the s
swiftly, are able to move as well tihe way.,t by
pulling at the |ittle thread cc, which you se
which is the entry for the pore d, which is w
one end of a cord, ytoluerotnlgera dord.l. whiNdhw hwawmer
pore, or the l|little tube, de, has thus been o
and through it they are carried partly into t
fire]l ypamto those which serve to turn the eye
which serve to move the hands forward and to

ThBrait® dwas$ 6Moimmeen bef ore 1633ddaltttgibnfot publ
because Descartes was frightened of what had
l nqui si@33n in

The idea of man as a machine meant that if on
able to cure i tdseaisl losf. hHowv et vheer ,h ummoasnt fikboydy wor Kk
pulling one end of a cord youMan nwas & ermdc wihn e
we had no i deTahehofw ristt wonrkkleidnng came from atten

di seasge scuryv
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Scurvy

During the fAAge of E
to 1800, approximately 2 million sailors
died. On Vasco da Ga
India 116 out of 170 dieds n Magel |
1519 voyage round the world 208 out of

250 died. Most of these deaths were due to
scurvy. The disease presented with bleeding
gums, shortness of breath, muscle pain, andf
severe lethargy.

SaoGabiriel, flagship of
Vasco da Gama on hig"™
voyage to India, 1498,

painting by Luis da |
Camoes, 1880

I n the painting the Gods | ook favorably on th

James Lind (17161794)

Lind graduated from the University
of Edinburgh and became a surgeo
on HMS SalisburyMany of the
sailors suffered fromscurvy. Lind
conducted a controlled trial using 6
pairs of sailors, each pair treated
daily with:

(i) cider

(ii) drops of vitriol (sulfuric acid)
(iii) vinegar

(iv) sea water

(v) two oranges

(vi) barley water

Only those given the oranges got
Portrait by George Chalmers, 1750s? better.

This was the first recorded ficontrolledo stud
treatment being evaluated gt.o lont hneord etrrne apt hnaernn asc
goal i's a double blind controlled trial. Nei t
be aware of whether the patient is taking the
removes the pgebltemgobepatirensi snpl yiplaaeke th
ef fifanmtd t he problem of <c¢clini ci ainosb sheorpvienrg btihaast.

Lind wasearwlagrgeo rotfs t hat fresh fruit could prev
deshgnwas mainly thinking that this was due t

5
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We now know that citruwi tfamiin @.onAlatimouwglc omdst
synthesize this compound from glucoset phe mat
compound in their diet. I n the early evolutio
and so we |l ost the ability to synthesize asco

Thi861 |l ustration of James Lind treating the p

Preventing Scurvy

Lind published his results in
A Treatise on Scurfi1753).
In 1758 he was appointed
chief physician at the new
RoyalHaslarNaval Hospital
near Portsmouth, the largest
hospital in England.

Lind realized that fresh oranges would not last through a long voyage and
made a syrup by boiling oranges. Unfortunately heat broke down the asco
acid, and Lindbés syrup was | argel
Blane, another Scottish naval surgeon, convinced the British Admiralty to
require its sailors to be given daily rations of citrus fruit juice. British sailors

were thenceforth known as Al i meys
Of particular interest in this story was the
cured by citrus fruits and theVitaalni @Qpi e mewn
reduced by heating Mar mat adevédoamaepns pooby em
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under mined the evidence for citrus fruits was
tartaric acid sweetened with | emon oi l i nst ea
One of the proposed tr ebayt mehnet sn aovfy sweausr vay styhrautp
barl ey (Aworto). This was not effective again
providing vitamin B.
Gil bert Bl ane had connections in the aristocr
Li wdhs a | owly shipds surgeon.

Vitamins

Several compounds were found to be OH

essential to human biochemistihe o)

name vitamin was initially proposed by HO O

the Polish biochemistasimir Funk

as fAvital amineo |in 191|2‘i. wever

since not all vitamins are amines, the

name | ost Inil1916, f i n|al c‘)e.lE)IO OH

Cornelia Kennedyfirst used the
alphabetic nomenclature for vitamins A
and B. In 1931 the Hungarian
biochemistAlbert SzentGyorgyi
reported that the arsicorbutic
component of citrus fruit vitamin C1
was ascorbic acid. He received the
Nobel Prize for this work in 1937.

Ascorbic acid is a necessary cofactor in seve
is the synthesis of collagen (connective tiss
detoxifying rdactalserekedatdvérom damaged ti s

Il n his 26¢rwvwyok How a Surgeon, a Mariner and
Medi cal Mystery $Stfephen ABewof w&ad écrteodr yw hneatyh e r
have been in part due to the better health an
included citrus fruit
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Trafal gar

The painting is the Battle o b
t combined F

by thé&lemaesnds victory over

f
h e e
compl et e ascesnhd annacvya |l o fp oBweirt. For the next <cen
Britain on the seas.

Beriberi

Beriberi (from a Sinh
a severe wasting disease, mainly found in Asia
the 19" Century.TakakiKanehiro(18491920), a
Japanese naval surgeon who had studied in
London thought that this was due to a diet main
limited to white rice. In 1884, he showed that a [
varied diet which included bread and meat
reduced the incidence of the disease. The
Japanese navy enforced the new diet but the
doctors of the Japanese army believed that the
disease was infectious, and refused to adopt the
diet, with disastrous results. In the Russo
Japanese war (19a4€05), 27000 soldiers died
from beriberi.Takakiwas finally recognized for
his work in 1905 and became known as the
iBarl ey Baron. o

Despite the problems with beriberi, the Japan

Thiamine (|l ater knaodvwemtad iwidt aami n hBRl)e swaesnt i al
years around 1900 and Christiaan Eij kman and
for t hTask akoir kest abl i shed the Ji keiith®cHaoalatafonh
thetirlalt esl statue.
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I n theberebent i s mai niKyrmakioffdstpsygs hWesri rsi, c kceh

confusion and memory |l oss. This is wusually se
diet, the alcohol ihtag eelvfe ri rt hii bainti snh et it éh ewp tdaok @ n
Human Vitamins

Vitamin Source Deficiency Discovery

A (retinol) carrots, oranges  night blindness 1913

B1 (thiamine) meat, brown rice beriberi 1910

B3 (niacin) meat, fish pellagra 1936

B12 (cyanocobalamin) meat, fish pernicious anemia 1948

C (ascorbiacid) citrus fruits scurvy 1920

D (cholecalciferol) cod liver oil rickets 1920
A vitamin is an organic molecule that i s esse

organism and that must be obtained through th
sufficient ghanorTghhe stsam It @voiflniltShtesc oognliyz ed human
vitamins.

Enzymes

In 1897 Eduard Buchner (18@®17), a German
chemist, discovered that fermentation could be
carried out by proteins extracted from yeast cells.
These proteins were ca
sourdougho), a name th
describe the process of fermentation.

carbon dioxide

Nobel Prize
photograph glucose fermentation & ethanol
1907
energy

The breakdown of glucose to produce ethanol [
down into two molecules of pyruvate and then
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Theyemes in an ani mal cel l are different and a
oxygen the pyruvate molecules are converted i
mol ecul es proceed through more conbldarabcerd pa
di oxi de.

from Ricochet Science
https:// www. youtube. com/ watch?v=UVeoXYJI| Bt I
Hexokinase
This enzyme facilitates the phosphery
ationof a hexose (@arbon sugar) usin
adenosine triphosphate
Video is a brief part of a | onger and more co
https://www. youtube. com/ watch?v=ykl4dOOv wMKk
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I n the diagram on the | eft the | arger mol ecul
small er a hexose. Once | ocated in the active
cofactor magnesium (yell ow)roan gpthes AR ®r a1 ® athem
The cytoplasm (inside of a cell) contains num
chemical reaction.
Cellular Respiration
o \} e OO
fg{:«mz} ﬁke%*.&
-4 Q NADH. 002/
TP 02

Glycolysis occurs in the cytoplasm. The pyruvate atoms are then taken u

into special organelles called mitochondria for oxidative phosphorylation
The processes in the mitochondria produce ade
used teo e@merngy for other cellul ar processes s
muscles, etc.
Glucose can be taken up from the blood or bro
| arge pol Aseocobkanedé&ji phosphatreesi £ narglyemindalc
this for further chemical reactions when it c
been called théhowrrenpgysef f ohied dateihrgasmit dbe baed dar
di nucl eot i deen zNVADh etspaat tcoo facilitate reactions
Th maj or outcome of the mitochondri al met abo
produced while oxygen is consumed and the pyr
di oxide and water.
he citric acid cycle is also known as the Kr
Krebs who reported the complete cycle in 1937
cycle is fithe metabol i c helaaftAsocfe nldiifnegd: aTchceo r1dC
Il nventi onsOP9EVbeéuteoninventions are |ife (al
cellul ar metabolism (Krebs cycle and other re
consciousness deat h.
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Glucose
The I|nc.hp|n.of human energy CH,OH chaoH
metabolism is glucose. Glucose o, OH o H
is absorbed from the intestine : - H  HO
after disaccharides and pely HO H  OH CH,OH
saccharides are broken up by H oH OH H
glycoside hydrolases. Glucose glucose fructose
was isolated from grapes in the i
18h century, but its chemistry :
was not studied until the work of CH,0H CH,OH
Emil Fischer in the late 19 & o 0 H
Century. Various tests to measure BH o’ NI HO
the level of glucose in the blood ™ y i
and urine were not available until L& o OHE
the early 2@ Century. sucrose

Gl ucose a@iame b ef robm Tcdarbachedr atnels pol ysacchari di
carbohydrates mol ecules are known as swugar s,

ago, and the juice was converted to sucrose over 2500 years ago. The MU
introduced sucrose to Europe, but the plant required tropical temperatures
Columbus brought the plant from tBanary Island$o the Caribbean.

Sugar cane is refined to give sucrosehby pres
crystal s. For centuries after Columbus arriwv
sucrose. Nowadays, the major producers are Br
et hanol which can be used as fuel

12
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taste pore

oral cavity

Sweet Taste
Receptors

lingual epithelium

&

taste receptor
cell

A7 basal cell

connective tissue | afferent nerve

Human beings have taste receptors in the tongue that respond specifical
sugars. These evolved because of the beneficial effects of recognizing a

seeking out good dietary sources of glucose such as fruits. The availabili
of inexpensive pure sucrose led to excess consumption.

Before ity pdadwectliadbmrb in the Americas, sucro
the wealthy.

Sugar Trade

Sugar took Europe and the | ~ sugar,
9 P i cotton, tobacob&f"'

Americas by storm. Cooks |
competed to produce sweet
desserts.

This led to tremendous
health problem$ dental
caries became widespread, [
obesity proliferated, and

diabetes mellitus became .
more common. ' } manufactured |

goods, rum’
In addition, sugar was T
associated with the slave
trade.
The cultivation and refining of sugar is back

centuries sugar was producedr am Afhrei cCiar i bbean

The Atriangular tradeo is the term used pri ma
upper map. The | owet rmdpnpgréseangl ant waersug
New Engl and.

Sugar can pr opserunyh ebael tdheys can do eidmnmor al
13
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e ]
“North Equalorial Cutent ~ /|

es in the North Atlantic were d
Americas from Europe was easi es;
e Gul f Stream.

The trade rou
Tr avel to the
journey via t

Hormones

Hormones are signaling
molecules that control
cellular metabolism. They
are secreted into the blood
by various glands in the
body. Their secretion can
be determined by other
hormones, by serum
constituents (e.g.
glucose), or by nervous
activation. They were first
described irl905by
ErnestStahling who had
studied the hormones of
the pancreas.

The word hor mone &omesoofsreatm itnh emoGriecenk, ur ge on

The i-oadntnei ning thyroid hormone thyroxine was
The scientist was Edward Kendalhe MaydAmEli cian
Foundation. He received the Nobel Prize in Ph
steroid hormones. Thyroxine increases metabol
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