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Abstract

In this study we present a theoretical framework that
can be used to explore the possibilities of automatic
hypothesis generation from medical literature. We use
the model of disconnected logic developed by D.R.
Swanson. The assumption is that there exist comple-
mentary but disconnected literatures from which new
information can be obtained when these literatures are
connected. The theoretical framework provides a set
of heuristics rules which are tested with empirical data
derived from a medical literature database.

The field of medical and pharmaceutical sciences
can be divided into many subdisciplines which are
more or less related amongst each other. The re-
sulting scientific literature of these subdisciplines has
strong intra-subdisciplinary connections, but weak
inter-subdisciplinary connections. This means that
knowledge from the one subdiscipline is not always in-
tegrated in the scientific research of another subdis-
cipline. We intend to interfere in these sciences by
offering a theoretical model and the computational
tools that provide a way to obtain new hypotheses
from existing literature, by connecting knowledge from
the different subdisciplines. Recent developments in
computer text analysis have made it feasible to pro-
cess large amounts of texts and thus address the ques-
tion of automatic literature based scientific discovery
in medical and pharmaceutical research. This study
combines the novel approach of actively reconstructing
implicit or hidden logical inference patterns in scien-
tific literature with recent approaches to statistical and
information-theoretical analysis of (large amounts of)
raw medical texts. We explore and model the develop-
ment of an automatic literature-based drug discovery
system, which consists of three components:

(1). The model of disconnected logic The model 
disconnected logic (Swanson, 1986; 1987; 1988; 1990)
assumes that articles in medical and pharmaceutical
literature are connected by logical relations. An actual
case has been identified by Swanson (1986). He found
that in one context of medical research it was known
that dietary fish oil (= A) causes certain blood and
vascular changes (=B). Whereas in another context 

scientific research it was recognized that patients suf-
fering from Raynauds syndrome (=C) benefit from cer-
tain blood and vascular changes (i.e. those referred to
under B!). However, the two areas of medical research
proceeded without mutual recognition, and this phe-
nomenon of two not-connected ’literatures’ has been
called disconnected logic. The interesting case is that
the connection was actively made by Swanson, and
consequently it was tested and verified in further medi-
cal research. In principle, one could start the procedure
with words that denote C, then start backtracking in
medical literature databases by retrieving all words de-
noting B that co-occur with C-words, and then taking
each B-word-candidate separately, retrieving all possi-
ble A-B word pairs. In practice, the methods used by
Swanson were semi-automatic, that is, partly statis-
tical and computational, partly by reading titles and
abstracts of records from scientific literature. We be-
lieve that this approach can be modeled and simulated
on well-known examples from scientific literature. In
Vos (1991, 1992, 1993, 1994) and Kuipers, Sie and Vos
(1992) discovery patterns in innovative pharmaceutical
research have been analyzed. One inference type which
we take as a prototype of how pharmaceutical innova-
tion develops, is the transformation of an adverse drug
reaction (ADR) into a new indication area for a par-
ticular drug. For example, the hypotensive effect of
one drug as a side effect in the treatment of gastric
ulcer patients might be profitable in the treatment of
hypertension. This inference type is quite similar to
the syllogistic construction described above.

(2) The methodology of automatic word-
categorization The methodology consists of methods
and techniques to determine possible candidates of the
C-, B- and A-components and their links (AB-, BC-
, and finally AC-connections) (cf. Rikken, Vos 1994).
Our first experiment has been Adverse Drug Reactions
(ADR) in medical research. ADRs can be defined 
unwanted, unexpected and undesired effects of drugs
and the aim of the scientist is to minimalize the in-
fluence of ADRs so that the risk/benefit balance of a
medical treatment remains on the positive side. We
want to show that we can reformulate these ADRs by
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connecting them with knowledge from other subdisci-
plines into promising new hypotheses which can result
in new knowledge. In the presented work the ADRs
are studied in their potency of being candidate B’s as
formulated in the Swanson model.

(3) New methods in natural language processing Ex-
ploration of the Natural Language Environment (NLE)
of candidate terms with the help of the CLARIT nat-
ural language processing-statistical software (Carnegie
Mellon University (Prof.D.A. Evans) (Rikken, Evans,
Vos 1994). We have made a computational linguistic
translation of the simple syllogistic model of Swanson.
This translation has resulted in a theoretical model of
the use of NLEs in order to find and describe candidate
B terms. We explore the NLE of concepts (e.g. ADRs)
in different medical subdisciplines and combine these,
in those eases where the NLEs have changed. The re-
sult is a new hypotheses, combining two statements
with the ADR as an intermediate.

An interesting case for modeling automated-based
drug discovery is the recent development of diabetic
nefropathy as a new indication for captopril. Capto-
pril, was developed as the first ACE-inhibiting drug in
the early 1980s for the treatment of hypertension and
heart failure. Amongst the side-effects known for cap-
topril was proteinuria. In the course of the 1980s it
became clear that eaptopril was also beneficial in the
treatment of proteinuria in diabetic nefropathy. Both
the adverse drug reaction and the beneficial effect of
captopril are widely recognized phenomena. Thus, we
have a model case at hand to reconstruct the discov-
ery pattern proposed in the project. In preliminary
research we were able to find the relevant documents
in the literature base before the researchers in the field
actively made the connection.

The technological status of the project is that we can
automatically process large amounts of medical doe-
uments with both statistical and computational lin-
guistic tools. However, further development of spe-
cific algorithms to reduce the number of terms of the
thousands of potentially relevant word-combinations
found at the several devision steps in the automatic
text based discovery procedure, requires further cre-
ative computer research.

References
1. Swanson D.R. Fish oil, Raynaud’s syndrome, and

undiscovered public knowledge, Perspectives in Biol-
ogy and Medicine 1986;30: 7-18.

2. Swanson D.R. Two medical literatures that are
logically but not bibliographically connected, Jour-
nal of the american society for information science
1987;38:228-233.

3. Swanson D.R. Migraine and magnesium: Eleven
neglected connections, Perspeetives in biology and
medicine 1988;31:526-557.

4. Swanson D.R. Somatomedin C and Argi-
nine: Implicit connections between mutually iso-
lated literatures, Perspectives in biology and medicine,

1990;33:157-186.
5. Swanson D.R. Medical literature as a poten-

tial source of new knowledge, Bull Med Libr Assoc
1990;78:29-37.

6. Swanson D.R. Complementay Structures in
Disjoint Literatures, Proceedings of the 14th An-
nual International ACM SIGIR Conference; Oct 1991,
Chicago. NY: ACM Press.

7. Vos R. Drugs Looking for Diseases Dordrecht:
Kluwer Academic Press, 1991.

8. Kuipers TAF, Sie H, Vos R. Design Research Pro-
grams and the Logic of Their Development. Erkenntnis
- Int J Philosophy, 1992; 37:37-63.

9. Rikken F, Vos R. Searching for Adverse Drug
Reactions at the Margin of Scientific Fields. Sciento-
metrics, 1994; 30(1):187- 199.

10. Rikken F, Evans DA, Vos R. Specifying Adverse
Drug Reactions by Formulating Contexts through
CLARIT Processing of Medical Abstracts. Proceed-
ings of Intelligent Multimedia Information Retrieval
Systems and Management, RIAO’94, New York, 1994.
(pages 82-92).

11. Vos, R, Kuipers, TAF, The epistemology and the
logic of drug and disease profile. In: Poznan Studies
of Philosophy of Science, [forthcoming].

75




