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Study on Mechanism of Biomechanics-Inducing Evolution in Vertebrates by
Means of Experimental Evolutionary Research Method

KATSUNAR!I NISHIHARA, Junzo TANAKA® anp KAzusHI HIROTA "

Abstract : The Definitive substance of vertebrates is the hydroxyapatite-collagen complex skeletons,
i.e., bone and tooth. The characteristic substance, which distinguishes lower vertebrates of chondrich-
thyes and cyclostomata from higher reptiles and mammals is the bone marrow cavity of inner skele-
tons with hemopoiesis. The characteristic organs, which distinguishes mammals from other lower ver-
tebrates, are gomphotic tooth and jawbones. In vertebrates, therefore, hydroxyapatite is an extraordi-
narily important substance with which, in combination with biomechanical aspect, we can carry out
experimental evolutionary studies at the cellular level.

Studying the phylogenical transition of branchial smooth muscles into facial and masticatory striated
muscles, the evolutional change of organs in vertebrates is seen to coincide strictly with response to
biomechanical changes. In addition evolution of branchia into the lung and imigration of hemopoiesis
from the spleen into the bone marrow cavity coincide with change of respiration from water to air
and response to gravity during terrestrialization after a water environment.

Recently. the Use and Disuse Theory proposed by Lamarck has been revived due to molecular ge-
netic studies. Alberch memtioned that the Recapitulation Theory of Haeckel could be explained by
heterochrony of the gene expression. We can also explain the Use and Disuse Theory by heteroch-
rony, because all functions of muscle cells and osteocytes are controlled by gene expression of mesen-
chymal and neural cells.

If evolution were caused by biomechanics as Lamarck mentioned, we can induce heterotopically evo-
lutional chang at the cellular level of mesenchyma through biomechanics. We refer to this new re-
search method as experimental evolutionary study. Using skeletal organ, i.e., 1) muscles, 2) connec-
tive tissues, 3) the skeletal system, experimental evolutionary study by means of a trilateral study, in
which morphology, molecular biology and biomechanics are combined, is reported in this paper. Bio-
mechanical stimuli can induce differentiated tissues from undifferentiated mesenchymal cells heteroto-
pically, which have been known newly induced in mesenchyma in evolution. Through these experi-
ments, highly differentiated tissues by biomechanics at the cellular level can be heterotopically induced,
just as in evolutional change.

Neo-Darwinism in vertebrate evolution can be completely denied based on the results of this re-
seach. From these and the other experiments the author concludes that evolution in vertebrates is cont-

rolled by biomechanical stimuli including physicochemical substances, which induce gene expression of
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Fig. 1 Development of femurs of chickens under 1G and 2G.
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Fig. 2 Hemopoiesis around dense hydroxyapa-

tite sintered under high pressure tech-
nique, implanted in dog muscle.
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Fig. 3 Hemopoiesis and osteoid formation arou-
nd dense hydroxyapatite sintered under
high pressure technique ,implanted in
shark muscle.

Fig. 4 Artificial bone marrow chamber with
device for current of 10zA, which was
implanted in subcutis of a dog.
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Fig. 5 Hemopoiesis of leukocytes around tita-
nium artificial bone marrow chamber
with current of 10#A, implanted in sub-
cutis of a dog.

Fig. 6 Hemopoiesis with bone formation in
artificial bone marrow of Fig. 4.
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Fig. 7 Evolutionary change in the respiratory system, from gills to the lungs (S. Miki)».
Branchial muscles changed into facial, masticatory, and swallowing muscles.
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Fig. 8 Ascidia; a-Larva, b-Imago, Branchia,
brain, heart and the gut can be seen.

Fig. 9 Viscerocranium of the shark. Brain of
olfactory, optis, and static are seen in a

IrOow.

Fig. 13 Placoids of ascidian resermbiing tnese
of the shark.

Eﬁﬁk,wmman?@b%ﬁtﬁﬁﬁwﬁ
AR & - TRSTT 3, BMECRTNF
Wioie ks tExbhd. BREORSI TV

10 Teeth and placoids of the shark. vyRELREELELZDN D, T N ool X7 N
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Fig. 14 Schemata of mandibular evolution
(Gaupp)”"‘”.
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RS e

o caninisation )
(b) molarisation -

Fig. 15 Schema of the Field Theory (Buttler)*.
To illustrate a hypothesis concerning
the nature of the differentiation of the
dentition.

(a) The dental lamina with undifferen-
tiated rudiments.

(b) The morphogenetic field which,
acting upon the rudiments, deter-
mines them to develop in different
ways.

(c) The

results!®,

differentiated dentition that
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External shelf

Paracone Metacone

Protoconule Metaconule

Anterior Posterior
cingulum

Protocone Cingulum
UPPER MOLAR

OCCLUSION

- JLH Aok 1996 4

Protoconid Hypoconid
Anterior H lid
cingulum ypaconut

Paraconid Entoconid

Metaconid

LOWER MOLAR

Fig. 16 Diagram of tribosphenic molars (Simpson)t?
Diagrams of generalized tribosphenic upper and lower molars and of their occlusion.
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Fig. 17 Evolution of hemopoiesis (S. Miki, modified)

a. Cyclostomata

b. Mammal
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Fig. 18 Histology of the eye in hogfish
(blind eel).
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Fig. 19 Evolution of the gut system in verte-
brates (S. Miki modified).
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