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McArdle’s syndrome

* Rare genetic disturbance in carbohydrate
metabolism

* First described by McArdle [1951]
» Caused by myophosphorylase deficiency
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Mechanisms

* Nodes are the entities

+ Edges are the causal [ o ]
activities of their nodes iEdge

« Nodes and edges are [ Node ]

Interlevel
+ Nodes and edges are ]/ J’\ﬁ
organized together in ( )

some way to do
something




Philosophical accounts of mechanism

 Machamer, Darden and Craver, 2000
 Craver, 2007

* Glennan, 2002

* Bechtel and Abrahamsen, 2005
 Woodward, 2002



Philosophical accounts of mechanism

 Machamer, Darden and Craver, 2000
 Craver, 2007

* Glennan, 2002

* Bechtel and Abrahamsen, 2005
 Woodward, 2002

 All, to some degree, have normative aspirations



Why make mechanisms?

Understand complex causal relationships
Track changes in causal understanding
Identification of interesting features
Teaching and learning



Complexity and mechanism

TRANSCRIPTION TRANSLATION

DNA — RNA — Protein
DUPLICATION

Figure 3. Watson’s central dogma diagram (redrawn, based on Watson 1965).

Reproduced without permission from Machamer, Darden and Craver, 2000: 16



Complexity and mechanism

Reproduced without permission from Craver, 2007: 189



Complexity and mechanism

Signal

Formant Frequency
Analyser

Calibrating Signal
(speech with point vowels)

l Fl.Fiﬂdle

Calibration Vowel Space _g)  Normalization
Mechanism Dimensions Mechanism
|
Fl'F2
(normalized)

v

Idenufication
Mechanism

v

Vowel Token

Fig. 3: The Gerstman Vowel Normalization Model

Reproduced without permission from Glennan, 2000: 18
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Complexity?

« Large numbers of activities and entities
« Levels

« Generic versus single-case causes

« Background conditions

« Pathology versus physiology

« Changing knowledge

* Incomplete knowledge

« Stochastic relationships

« Planning and mortal limitations...



Making mechanisms

* Pen and paper
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Making mechanisms

* By hand
« Using design software (Visio, lovelycharts.com)
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Making mechanisms

* By hand
« Using design software (Visio, lovelycharts.com)
* A third way...



The Complex Mechanism Browser

Text input of causal claims
Routing etc automated
ADbllity to re-use sections of mechanism

Clear visual differentiation between different
relationships

— Causes - Prevents

— Similar - Dissimilar

— Background condition - Component



Example

« Based on McArdle’s syndrome
— Manageable literature
— Philosophically, historically and medically interesting

» Constructed from first 8 publications (1951—1961)

* Aim: to explore the chronological development of
causal arguments and their evidence
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Glycogenolytic pathway

Muscle glycogen

Al=es

Glucoze

@-‘caaldeﬁyde phozophate clelrych@

-

-

- “digzimilar from

Abnormal glyceraldehyde phosophate dehydrogenase

al=es

McArdle, 1951



Schmid and Mabhler, 1959a



Abnormal glycogenolysis

Muscle glycogen
can=es

Low glucose {

\

Normal glycolysis

canzes

Low lactate

Cal=es

Low pyruvate

Schmid and Mabhler, 1959a
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Mommaerts et al, 1959



Larner and Villar-Palasi, 1959



Ghucoge-6-phosphate

Phosphoglucomutase

Glucose-1-phosphate @

UDPG pyrophosphorylase

Normmal UDPG-glycogen transferase Nommal amylo-1.6-gluicosidase

Larner and Villar-Palasi, 1959

Causes
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Schmid and Hammaker, 1961




Pearson, Rimer and Mommaerts, 1961



Technology

» Graphviz takes care of aesthetics
 CMB rationalises the data management
» Abstraction is King



Technology

« Text only appears once
« SQL assigns ID numbers automatically

id text lewvel

Increased muiscle bulk

Z2Abnormal skeletal muscle
3|Progressive muacle pain

[ RV s B ¥ ]

4|Increased respiratory rate and stroke wo
S[Relative tachycardia
6(Normal neurclogy
7 Muzcle weakness
& Muscle stiffness
9(Decreased passive range of movement
10 Muscle shortening
11 Muscle swelling

L I Ve e R Y e T = BV Y = R ]

12 | Increased oxygen demand
13 Normal muscle perfusicn

=1 | Co

14 Electrically silent miscle cramps
15|Inverted lactate response

16| Abnormal glyceraldehyde phosophate dehyd
17 Muscle glycogen

LA s | LA

18|\ Normal glycolysis



Technology

* Tables of numbers link concepts

id from type id to
2 22 4 1
3 2 1 3
4 2 1 7
L] 1o 1 &
7 10 1 9
& 10 1 11
g 12 1 4
10 12 1 5
13 24 4 15
20 23 5 3
21 23 5 4
22 23 5 5
23 23 5 7
24 23 5 &
25 23 5 g
26 23 5 10
27 23 5 11



Technology

id

1|
2
i
4
i
7
g
9

10

139

from

Abnormal skeletal muscle
Normal muscle bulk
Ebnormal skeletal mumscle
Abnormal skeletal muscle
Muscle shortening
Muscle shortening
Muscle shortening
Increased oxygen demand
Increased oxygen demand
Normal lactate responde

20 Rerobic
21 |Aerobic
22 |Aerobic
23 [Aerobic
24 Rerobic
25 |Aerobic
26 (Aerobic
27(Aerobic

EXErcise
exXercise
EXErcise
eXercise
EXErcise
exXercise
EXErcise
eXxercise

type
causes
dizsimilar
causes
causes
causes
causes
causes
causes
causes
dizsimilar
background
background
background
background
background
background
background
background

from

from

to
to
to
to
to
to
to

to

Increased muscle bulk
Increased muscle bulk
Progressive muscle pain
Muscle weakness

Muscle stiffness
Decreased passive range ¢
Muscle swelling
Increased respiratory rat
Eelative tachycardia
Inverted lactate response
Progressive muscle pain
Increased respiratory rat
Eelative tachycardia
Muscle weakness

Muscle stiffness
Decreased passive range ¢
Muscle shortening

Muscle swelling




Technology

from
Abnormal
Abnormal
Abnormal
Ebnormal
Ebnormal

skeletal
skeletal
skeletal
skeletal
skeletal

mscle
mmiscle
miscle
miscle
miscle

Hormal
Normal
Normal
Hormal
Normal

muscle bulk
muscle bulk
miscle bulk
muscle bulk
miscle bulk

Abnormal
Ebnormal
Ebnormal
Ebnormal
Ebnormal
Ebnormal
Ebnormal
Ebnormal

skeletal
skeletal
skeletal
skeletal
skeletal
skeletal
skeletal
skeletal

miscle
miscle
miscle
miscle
miscle
miscle
miscle
mmizcle

CLype
causes
causes
causes
causes
causes
dissimilar
dissimilar
dissimilar
dissimilar
dissimilar
causes
causes
causes
causes
causes
causes
causes
causes

from
from
from
from
from

to

Increased muscle bulk

Increased muacle bulk

Increased muscle bulk

Increased muscle bulk

Increased muscle bulk

Increased
Increased
Increased
Increased
Increased

muscle bulk
miscle bulk
miscle bulk
miscle bulk
miscle bulk

Progressive
Progressive
Brogressive
Progressiwve
Progressiwve

mu3cle pain
miscle pain
miscle pain
miscle pain
miscle pain

Muscle weakness

Muscle weakness

Muzcle weakness

paper Vear |paper_title

1951hynpathy Due to a Defect in Muscle Glycogen Breakdown.

1959 |Glycogen Synthesis in Muscle Lacking Phosphorylase.

1959 A Functional Disorder of Muscle Associated with the Absence of
1959|5yndrome of Muscular Dystrophy with Myoglobinuria: Demonstratic
1959 |Enzymes in a Glycogen Storage Myopathy.

15851 Myopathy Due to a Defect in Muscle Glycogen Breakdown.
1959|Glycogen Synthesis in Muscle Lacking Phosphorylase.

13592 Functional Disorder of Muscle Associated with the Rbsence of
1959|5yndrome of Muscular Dystrophy with Myoglobinuria: Demonstratio
1959 Enzymes in a Glycogen Storage Myopathy.

1951 Myopathy Due to a Defect in Muscle Glycogen Breakdown.
1959|Glvcogen Synthesis in Muscle Lacking Phosphorylase.

1953 A Functional Disorder of Muscle Associated with the Absence of
1959|5yndrome of Muscular Dystrophy with Myoglobinuria: Demonstratico
1959 |Enzymes in a Glycogen Storage Myopathy.

1951 Myopathy Due toc a Defect in Muscle Glycogen Breakdown.
1959|G1lycogen Synthesis in Muscle Lacking Phosphorylase.

1959|A Functional Discrder of Muscle Asscciated with the Rbhsence of



Technology

Type to find a paper:

A Functional Disorder of Muscle Associated with the Absence of Phosphorylase.

1959-06-01 [16590445] Morvmaerts W F H M llingworth B, Pearson C M, Guillory R J Seraydarian K

-

2lodoacetate |
Abnormal glvceraldehyde phosophate dehvdrogenase |
Abnormal glvcogenolysis |

Abnormal glycolysis |

Abnormal skeletal muscle |

Adrenaline |
Aerobic exercise |

BAL|

Brain form | | Add

Confined to skeletal muscle |
Decreased passive range of movement |
Elecirically silent muscle cramps |

Excess muscle glvcogen storage |

Fatigue |

Genetically distinct phosphorylase isoforms |
Glucagon |
Glucose |
Glucose-1-phosphate |
Glucose-6-phosphate |




Technology

Type to find a paper: E

A Functional Disorder of Muscle Associated with th

1939-06-01 [16590445] Mommaerts W F H M lllingworth B, Pearson C M, Guillory R J Seravdarian K

.

.

.

.

.

.

-

.

.

.

.

.

.

-

-

2lodoacetate |

Abnormal glyceraldehyde phosophate dehvdrogenase |

Abnormal glyvcogenolysis |
Abnormal glycolysis |

Abnormal skeletal muscle |
Adrenaline |
Aerobic exercise |
BAL|
Brain form |

Confined to skeletal muscle |
Decreased passive range of movement |
Electrically silent muscle cramps |
Excess muscle glvcogen storage |
Fatigue |

Genetically distinct phosphorylase isoforms |
Glucagon |
Glucose |
Glucose-1-phosphate |

Glucose-6-phosphate |
Glvenoen synthesis nathwav | | Remaus

Abnormal glycogenolysis (=]
Links from this entity:

. This causes > Excess muscle glycogen storage
* Mentioned elsewhere:

. This causes > Abnormal skeletal muscle

. This causes > Inverted lactate response

. This causes > Inverted pynuvate response

. This component of > Abnormal glycogenolysis
* Add new:

* This > backgrnunde ?lodoacetate |Z|

Links to this entity:

. Low muscle phosphorylase activity > component of this.
. Muscle glycogen > component of this.

. Ghucose > component of this.

* Mentioned elsewhere:

Normal glycogenolysis > dissimilar from this.

. Glycogenolytic pathway > causes this.

. Abnom:lal glycogenolysis > component of this.

* Add new:

* | ?lodoacetate [=] [background to [=] = this

.




Technology
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Technology

Glycogen synthesis pathway

Nommal UDPG-glycogen transferase

Carses

Abnormal glycogenolysis

Muscle ghycogen

s catses

Low mmscle phogphorylase activity Canses

prevents

——  Low gluwcose

canses [canses ———— COUSES

slysis \
Low lactate Nommal ninscle bulk
\‘v-,/

Excess muscle glycogzen storage



Conclusions

« Normative accounts of mechanism must accommodate

complex mechanisms
— Complex mechanisms feature in scientific and medical practice

— Complex mechanisms reveal conceptual difficulties in a way that simple
mechanisms do not

« CMB is presented as a means of producing and exploring

such mechanisms
— To explore philosophical issues
— As an historical tool
— For use in scientific practice
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