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The Scientific Paper

A scientific paper is a major document, of variable length, produced by an
individual or a group, which reports original research results, theories, and
experimental procedures replicable by peers. The paper concerns itself with
new and significant, not trivial issues, of public or professional interest. It
includes substantial documentation with references to other work in the
field. The paper uses multi-level internal headings appropriate to its subsections, many kinds of graphic representations of data, and formal language. The purpose of the science paper is to publicize data, concepts, and
results to an audience composed of one's peers (more below) or that
audience typified by the journal.

Information to Authors
If you write with a specific journal in mind, it is imperative that you locate
its '1nformation to Authors" section. In general, this section provides the
content and format specifications for research printed in the journal: It
describes the types of articles printed or reviewed and/ or the nature of the
research; provides specifications on page or word length, number and use
of graphics; includes instructions for citing sources; and specifies restrictions or limitations in format or experimentation. Information to Authors
can be found by writing to the journal directly or by consulting the journal
itself; some journals will print this information in every issue; others will
print specifications once a year, say, in the January issue.
Simultaneous submission refers to the act of sending out the same paper
to different journals at the same time. Most journals will not accept simultaneous submissions; previously published research is also unacceptable in
many cases. Consult the Information to Authors for a definition of qualifications to "previously published" to determine if published abstracts or
conference papers fall within the boundaries of these restrictions.
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Peer Review
Peer review is a process by which a panel of experts in the field assess the
scientific merit of the work. The journal to which you have submitted your
paper negotiates the review process. A peer-reviewed paper is reviewed by
the editor, an editorial board or an expert ad hoc reviewer. Reviewers
comment on the manuscript, return the comments to the journal, which
considers the recommendations. The reviewers' comments (sometimes
anonymously) are returned to the writer with the journal's letter of acceptance, non-acceptance, or provisional acceptance pending revision. For
papers with provisional acceptance, revisions must be completed within a
specified length of time. If the writer disagrees with the reviewer's criticism,
the writer may disregard it, provided that an explanation or justification is
offered in the cover letter to the editor. The author of the paper is required
to address all criticisms. If the editor feels that the criticism has been treated
fairly, either by way of corrected text, new or modified experimental data,
or a response in the cover letter, the editor may choose to accept the paper.
If the editor believes that the criticism has not been accommodated, the
paper may be submitted to a second round of comments.
When writing, consider the perspective of the reviewer: Anticipate
potential criticisms and deal with them either experimentally or by presenting an argument. Defend your results and interpretation as if a reviewer
were the audience.
What criteria do reviewers employ to evaluate your paper?
The paper may be subject to the following kind of questions.
(1) What is the significance of your work to the field? Does your work
extend beyond new observations?
(2) How convincing/ clear are the results?
(3) Do the results support the author's conclusions?
(4) How well is the paper written? Does it meet the standards for
referenced scholarship?
A general description of the parts of the scientific paper follows. It is
intended to clarify terminology, to delineate the parts of the paper, to
describe the content, and to recommend an order of writing events. Structural patterns will be recommended and conceptual strategies will be
indicated and referenced to other chapters in this book. Specifications in
Information to Authors or given by your teacher override these specifications. Sample specifications will be given below.

Front and Back Matter
By scientific paper is meant the substance of the paper itself. Transmittal
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materials accompany the paper. The title page, the cover letter, the list of
figures, and the abstract effectively fall outside the body of the paper proper,
and these elements will be termed the front matter. Back matter is the term
given to include bibliography, notes, references, appendices, and glossaries
which may accompany the paper. Different disciplines adopt different
modes of citing references. To document your sources, consult the standard
methods in your field.
Front matter accompanies the formal paper but is outside the full body
of the paper itself. It includes wthe following:
Title Page
The title page shows:
1. Title of the Paper
2. Serial number if appropriate
3. Writer, writers, or organization publishing paper
4. Person or organization for which the paper was prepared
5. Date of publication or submission
6. Project Number
The title page should adhere to the format preferred by the journal.
Some journals eschew the title-subtitle arrangement. Some will limit the
number of characters in the title. Do not use a complete sentence for the
title. Use key words in the title for ease of retrieval in a computer search and
for indexing purposes. If no specifications are given, render the title in full
capital letters and center it. Avoid showiness.
Cover Letter
This letter accompanies the scientific paper and gives the writer the opportunity to make additional remarks not included in the paper. It may explain
the significance of the paper, it may note that the paper was invited, it may
refer to the subject of the paper and the reason for the paper, or it may simply
state the equivalent of "Here is the paper."
The cover letter gives the writer personal contact with the-editor or
another reader. Plant Physiology, for instance, prints three kinds of papers;
the shorter (three-page) journal category, "Rapid Communications," presents "a preliminary report or a complete account of significant research
contribution." Information to Contributors states that in "the cover letter,
the author must explain why the findings merit 'rapid communication."'!
Abstract
The abstract is a brief section designed to give a thumbnail sketch of the
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paper. The abstract appears as an independent element, ordinarily not part
of the body of the paper. (A summary, in contrast, is part of the body of the
paper.) Some journals use abstracting services which publish the abstract
separately. See Chapter 4, Abstracts, for more detail.
The abstract must
1. possess a self-contained unity
2. include enough information to satisfy professional requirements
3. be short (one page of abstract for every thirty pages of paper); avoid abstracts over one-half page (c. 150 words)
4. be fluent and readable; abstracts are dense, but some non-information words must be included
5. contain only information discussed in the paper
6. (should) be written after the paper is completed
The informative abstract acts as a report in miniature, a capsule version
of the report, highlighting main points. It gives the main points (results,
conclusions, recommendations), follows the style and the language of the
paper, and contains much quantitative information. It is preferred by
readers who wish access to the main ideas without reading the paper and
by those who have to take action on the paper.
The indicative abstract acts as a prose table of contents, indicating the
main topics covered in the report. It contains no quantitative information,
merely general coverage and development.The nature of the communication and reader preference will determine the type of abstract. For more
detail, see Chapter 4.

Introduction
The introduction contextualizes and defines the writer's research project.
The role of the introduction is to bridge the information gap between the
writer and the audience. It provides the intellectual context, a statement of
the problem, the benefits of the solution, and summarizes previous work
on the subject.
Introductions create a context for your study by placing it in a history
of related research or in a continuum of contemporary studies which share
points of theory, problem definition, procedure, results, or explanation. At
a certain point, you will need to include all of the following, but initially
focus on the literature search and the definition of the research question.
(For further assistance in writing introductions, see Chapter 9, Definition.)
1. statement of the problem: identify the topic
2. background of the problem: other work on the issue
3. the research question you derived (the science question being asked; see Chapter 1)
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4. research objective: how you are going to work to address the
question; describe how the experiment was done and how it
addresses your question.
5. a brief description of observations and conclusions
Introductions: Examples
Specifications for the introduction will vary from journal to journal, so be
sure that your paper frames its parts appropriately. If you unsure about
where to begin, start your introduction with a definition (see Chapter 8,
Definition).
The following is an example of specifications for the introduction.
Notice that the Journal o/Virology asks for "salient" rather than "exhaustive"
references. Other journals, or your instructor, will make different requirements, perhaps preferring a comprehensive literature search to a more
restricted one.
Introduction: Journal Specifications
Introduction. The introduction should supply sufficient background information to allow the reader to understand and evaluate the results of the
present study without referring to previous publications on the topic. The
introduction should also provide a rationale for the present study. Choose
references carefully to provide the most salient background rather than an
exhaustive review of the topic. Instruction to Authors, Journal of Virology,
Jan. 1989, p. iii.

Introduction: Student Example
Effect of Lomefloxacin, Cefazolin, and Cefonicid
on Human Lymphocyte Proliferation
Fernando Thadepalli
(Outline) INTRODUCTION
Antibiotics do not eliminate microorganisms from the body; they can
kill microorganisms or retard their growth, thus allowing normal host
defenses to clear the organisms and their toxic products. In the absence of
adequate concomitant host responses, antibiotics may fail to eradicate an
infection. Therefore, the effect of commonly used microbial agents on
immune responses may have clinical relevance in many surgical patients.
Our investigation examined the effect of a series of antibiotic agents on
cell-mediated immunity, using deoxyribonucleic acid (DNA) synthesis by
peripheral lymphocytes following stimulation by the mitogens, phytohemagglutinin (PHA) and poke-week mitogen (PWM) as the indexes of cel]
mediated immunity.

Writing the Introduction
Start writing the introduction from the perspective of collecting references.
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Take notes. In the order of writing events, writing the introduction may
come near the end of the drafting process, but you should allow time for
several revisions, and you should start the literature search at the beginning
of your research. In the introduction, repeat structural themes: what the
issue is, how that issue is being addressed. Expect to put in some time doing
revisions, shaping and reshaping your writing before the final product
emerges with lucidity. Do not underestimate the work involved in writing,
particularly that required for the introduction. Do not wait till your experiments are finished to begin writing. Begin writing from the start. Budget
your time to allow for multiple revisions. Most manuscripts undergo many
drafts.

Methods
In the Methods section, you report what you did in the course of your
experiments. Specific headings emerge from the particular nature of your
procedure; in general, headings specify what you did, how you did it, and
what happened as a consequence. Typical headings include "Method,"
"Materials," "Subject," "Procedure."
Students usually begin writing the Methods section first because immediate contact is made with the particular equipment. This section is the
most technical and the easiest to write. The purpose of Methods is to
provide a comprehensive, consistent, and accurate description of your
procedures so another researcher could replicate the experiment(s), calculations, or statistical analysis.
Chapter 1 noted that the experiment was the privileged form of methodology among physical scientists. The Methods section accommodates not
only experimental procedures but also statistical or mathematical analysis.
Start by describing the materials, the experimental procedures, and/ or
the analytic methods you use. Material specifies the substances used;
subjects refers to animate subjects. The Methods section includes a series of
experiments, calculations, or observations.

Headings
Use a separate paragraph with a subheading for each experiment or method
of analysis. A general rule of thumb may be formulated:
• Use one paragraph with one subheading for each methodwhether it be a statistical analysis, description of surgery, a
specific process
Arrange these sections in the order that you perform the experiments.
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No results are needed at this point in the writing process. Writing
Methods is also keyed to the literature search; the literature search is
ongoing. Your literature search, in practical terlns will extend throughout
the time you allot to it.
Citing Sources for Methods
Some laboratories possess a cook book of common methods and procedures. Methods books contain generic methods or derivative methods.
Reviewing original sources of the methods and materials is desirable
because, with derivative methods or standardized procedures, the theoretical basis of the experiment is lost. The theoretical basis of the experiment
may offer a potential source of e,?<perimental error and may merit analysis
in the Discussion section.
You cite the source for a procedure in the same way that you cite any
other source in your paper. In the first instance (below), the separation
procedure and the mass spectrometric procedures have been referenced by
a number keyed to the bibliographic details that will follow at the end of
the paper. Likewise, the second instance uses numerical notation to reference the way that directional selectivity was assessed .
• Separation procedures for Re and Os have been detailed (2022). Total analytical blanks, including loading and filament
blanks, were approximately 100 pg for Re and 90 pg for Os
(23). Mass spectrometric procedures were similar to those described by Creaser and co-workers (24). -M. F. Horan, J. W.
Morgan, R. J. Walker, J. N. Grossman, "Rhenium-Osmium Isotope Constraints on the Age of Iron Meteorites," Science 255
(28 Feb. 1992): 110.
• I recorded from 111 isolated neurons in extrastriate area MT
of three rhesus monkeys and tested each cell for responses to
second-order motion. Directional selectivity was assessed
with the movement-without-correlation stimulus, a secondorder stimulus described by Sterling (17). -Thomas D. Albright, "Form-Cue Invariant Motion Processing in Primate
Visual Context," Science, 255 (28 Feb. 1992): 1142.
Methods: Journal Specifications
Materials and Methods. The Materials and Methods section should include sufficient technical information to allow the experiments to-be
repeated. When centrifugation conditions are critical, give enough information to enable another investigator to repeat the procedure: make of
centrifuge, model of rotor, temperature, time at maximum speed, and
centrifugal force (x g) rather than revolutions per minute). For commonly
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used materials and methods (e.g., media and protein determinations), a
simple reference is sufficient. If several alternative methods are commonly
used, it is helpful to identify the method briefly as well as to cite the
reference. For example, it is preferable to state "cells were broken by
ultrasonic treatment as previously described (9)" rather than to state "cells
were broken as previously described (9)." The reader should be allowed
to assess the method without constant reference to previous publications.
Describe new methods completely and give sources of unusual chemicals,
equipment, or microbial strains. When large numbers of microbial strains
or mutants are used in a study, include tables identifying the sources and
properties of the strains, mutants, bacteriophages, plasmids, etc.
A method, strain, etc., used in only one of several experiments reported in the paper may be described in the Results section or very briefly
(one or two sentences) in a table footnote or figure legend.-Instructions
to Authors, Journal of Virology Oan. 1989); iii.

Methods: Student Example
MATERIAlS AND METHODS

Electrophoretic data analysis and BIOSYs-1
Numeric designations were assigned to the bands relative to markers
whose banding patterns were already known. The electrophoretic data
were fed into the computer program BIOSys-1 (Swofford and Selander,
1989) for analysis. The program generated various genetic variability
measures such as allele frequencies, mean heterozygosity, and percentage
of polymorphic loci. Similarity and distance coefficients were calculated
(according to Nei, 1978) and used for clustering analysis in order to
construct a phenogram. Further manipulation of the data was conducted
to reveal associations between levels of genetic variability and breeding
systems, geographic distribution, and population size, by using existing
values and averaging for popUlations according to breeding system and
island distribution. ANOVA's were conducted for statistically comparing
the differences in these groups. -Christina Straub, "Genetic Variation in
the Hawaiian Species Schiedea and Alsinidendron (Caryophyllaceae: Alsinoideae)," Paper produced for Writing 199, Winter 1994.

Results
Results refers to the direct outcome of an experiment, the figures or values
for a set of calculations, or the direct inferences derived from observations.
In a causal chain, the results emerge as the effect of a cause or complex of
causes. In the Results section, you report ''Just the facts."
Graphics, tables, charts, and illustrations are found in this section. Make
sure that (1) graphics are cited in the text before the graphic occurs; (2) the
graphic is titled and labeled; (3) the graphic is integrated with the text; (4)
. discussion of the graphic follows the graphic where pertinent. See Chapter
7, Graphics, for an extended discussion.
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For every paragraph describing a procedure in the Methods section,
you should have one paragraph reporting results.
A general rule of thumb is
• one experiment/ one subheading/ one graphic
You may lead into your results paragraph by referring back to the
procedure. Experiment 1 may produce inconclusive results, in which case
a second experiment is devised to supplement Experiment 1. Write up the
results of Experiment 1 as they are derived. Do not wait to finish a series of
experiments, although you may be in the middle of a series. Record results
as they come in. Make your note-taking as organized as possible so you do
not end up having to repeat art experiment. Unorganized, scattered detail
is not meaningful detail (See Chapter 9, Description.)
Writing Up Results
Describe results from the standpoint of an impartial observer. Establishing
controls can be as difficult, if not more so, than devising the procedure itself,
so do not treat them casually. Do not scatter your data throughout the
section. An introductory figure that functions as a map may be in order.
For a single experiment or one experiment in a series, provide the
following information.
(1) Why did you conduct this experiment?
(2) What did you do?
(3) What did you see?
(4) What does it mean?
Each of these four points will be discussed and examples given below.
(1) Tell the reader the reason you are doing this experiment (calculation,
etc.). Why did you do it? What purpose did this experiment serve?
Provide the rationale.

>

In order to determine the molality of ...

>

To test the viability of ...

As you see, this explanation can be handled in a phrase, a sentence,
possibly one or two sentences if the reasoning is complicated. The rationale
links the Results section to your Introduction and maintains structural
coherence among the separate parts of the paper; in addition, your rationale
may merit analysis in the Discussion section and would thus provide a
bridge not only between the Introduction and the Results but also between
Results and Discussion.
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(2) What did you do? (one or two sentences)
This part of the Results provides the experimental or analytic response
to the rationale.

>

We performed gel electrophoresis of six proteins.

>

Ten pigmented guinea pigs were anesthetized and ...

This information will likewise connect the Results to the Methods, to
the abstract and Introduction, and to the Discussion.
(3) What did you see?
The answer to this question provides the observations which occurred
after the experiment ran its course.

>

As can be seen in Figure 3, a prominent bend in the gamma chain
occurs at the fourth pair.

>

Figure 4 shows the weights of reduced copper through six trials.

>

The demographic parameters for the spread of disease. are shown
in Table 1.

Report results. Do not attempt to impose an interpretation on them at
this point. A table, graph, or figure may offer the most convenient form to
report results; in highly technical papers, a table, calculations, or visuals
may supplant narrative results. Sometimes you may need to call attention
to important points in the results or to indicate technical limitations to the
findings.
(4) What does it mean?

>

The data shows the degree of variability in the enzymes used to
estimate the genetic similarity and distances in Schiedea.

>

This model reveals that current estimates of the rate of transmission
by macroparasites have underestimated the effect of the full array
of factors.

In a most restrictive sense, state specifically what can be concluded or
determined. A pattern may be discernable, and it is appropriate to describe
the pattern and note the variations in the pattern. You must document any
trend you note with the appropriate description of results; do not generalize
about data that are not included.
Results may have been inconclusive, in which case, provide the transi-
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tion to the next procedure and repeat the four-step description for the next
set of results. The inconclusiveness of results is itself a conclusion in a logical
chain of reasoning, and therefore offers a good place to start discussion in
the Discussion section (why were they inconclusive?)
Results: Journal Specifications
Results. In the Results section, include the rationale or design of the
experiments as well as the results; reserve extensive interpretation of the
results for the Discussion section. Present the results as concisely as
possible in one of the following: text, table(s), or figure(s). Data in tables
(e.g., cpm of radioactivity) should not contain more significant figures than
the precision of the measurement allows. Illustrations (particularly photomicrographs and electron micrographs) should be limited to those that
are absolutely necessary to show the experimental findings. Number
figures and tables in the ord~ in which they are cited in the text, and be
sure to cite all figures and tables.-Instruction to Authors, Journal of
Virology Gan. 1989): iii.
Results. Important results first; data in the form of tables and figures in
numerical sequence .... Please note that all literature citations belong in
the Discussion and not in the Results. Please note also that figures and
tables should be referred to parenthetically: e.g., avoid writing "Table 1
gives ..."-Instructions to Contributors, The International Journal of Plant
Science 186 Ganuary 1994): 137 ff.
Results: Student Example
[Reason] In order to determine patterns of variation within and among
the 21 different populations of Schiedea and Alsinidendron, [What did you
do?] values for genetic similarity and difference were calculated (Nei,
1978) [What did you see?] and shown in Table 4. Genetic distance is used
to measure the accumulated allele differences per locus between closely
related populations (Nei, 1978). The upper triangle in the table shows
unbiased genetic identity and the lower triangle shows unbiased genetic
distance. Distance is based on genetic identity: D= -loge!' [What does it
mean?] The wide range in identity values (0.942 to 0.201) indicates that
some species of Schiedea are genetically similar, while others are highly
divergent.-Christina Straub, "Genetic Variation in the Hawaiian Species
Schiedea and Alsinidendron (Caryophyllaceae: Alsinoideae)," Paper produced
for Writing 199, Winter 1994.
Results versus Discussion
Frequently some confusion exists about the relationship between Results
and Discussion. Results refers to what happened as a consequence of your
procedure; Discussion refers to the interpretation or the significance of those
results. Results describes what happened; Discussion explains what they
mean. Results tabulate effects; Discussion explains effects.
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This difference between results and discussion recapitulates the difference between what you see and what you think it means.
Results fall within the province of description/ observation. They report a clear picture of the outcome. Graphics or visuals are appropriate to
the Results section and may supplant written text. Discussion may take the
form of a comparison/ contrast between expected results and actual results;
it may also include a comparison/ contrast of your work with other work
in the field.
Results

Discussion

what you saw
observation/
description
(see Chapter 8)
what happened as a
consequence of the
experiment
effects

what you think it means
interpretation

the significance of what
happened
why /how causes produced
effects

Discussion
The Discussion continues the theme of the introduction by way of identifying and discussing patterns. It interprets results but does not rehash them.
The overall flow of the discussion is from particular to general; it should
start with a particular statement about the results and then become more
general in discussion by referring to the hypothesis or to other studies. In
structure it inversely mirrors the introduction, which flows from general to
particular. The discussion is generally hard to write; build it like the
introduction.
Begin with a general statement about the nature of the results. Then go
on to develop your discussion along one of the following lines. The Discussion section of a paper analyzes effects. The following will describe three
ways to organize the Results section, none of which is meant to impugn
alternative ways of structuring results. Because these are organizational
structures that organize the same results, some overlap will be apparent.
The three ways include: (1) comparison/contrast with Results; (2) discussion of results organized by the topics of Structure, Function, and Evolution;
(3) assessment of the quality of the evidence. These are not the only ways
to structure a Discussion.
Make sure that you revise the Introduction in light of the organization
. of the discussion to preserve structural consistency by engaging the same
topics, in the same order, in both parts.
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(1) Comparison/Contrast

The effect is the terminal point in a process of causal relations. To
discuss results, compare and contrast the end (result) with respect to the
beginning (hypothesis) in order to account for the change by an explication
of the event or phenomena that intervened to make the end result from the
beginning.

1. Start the Discussion with a reiteration or summary of the results.
Make a general statement in the Discussion about the nature of the
whole set of observations. Connect this statement to points raised
in the Introduction. Elabo!"ate what is clear in these points. Integrate
the literature in order to compare results to what others have done.
2. The last point of each section in the results (sentence 4, below,
results") is the clearest point of each observation; it states conclusive findings. Starting with this sentence, compare and contrast it
with your hypothesis (c/c anticipated results with actual results);
with other work in the field (c/c your results with others' results).
Assess the results; account for your findings. Limitations to the
methods?
3. Repeat this procedure for the results of subsequent procedures.
4. Pull your discussion points together in a final paragraph, possibly leading to recommendations or some moderate speculation
based on the rest of your paper.
Maintain Structural Coherence
The parts of your scientific paper must possess an integrity in and of
themselves, offering full and comprehensive descriptions or explanations
as they pertain. At the same time the different parts must maintain unity as
a body. At some point in the writing-revising the complete first draft-the
parts must be interconnected to give the paper structural coherence. A
repetition of themes will be the linking content to these parts. To give
structural coherence, maintain the same order of discussion in the Methods,
Results, and Discussion sections, as follows.
Ma terials and Methods
Procedure 1. Description of procedure
Procedure 2. Description of procedure
Results
Procedure 1: Results discussed as follows:
1. reason for the procedure
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2. what you did
3. what you saw
4. what it means
Procedure 2: Results discussed as follows:
1. reason for the procedure
2. what you did
3. what you saw
4. what it means
Discussion
Procedure 1: begin with sentence 4 from results
c/ c anticipated results (hypothesis) with actual results
c/ c with other results (literature search)
Procedure 2: begin with sentence 4 results
c/c anticipated results (hypothesis) with actual results
c/ c with other results (literature search)
(2) Structure, Function, Evolution

This pattern could produce a five+ paragraph discussion: one paragraph is
allotted to a reiteration of the results; one paragraph is allotte~ to each of
the three topics; and one paragraph is allotted to an overvIew of the
previous four paragraphs. Five is not a fixed number; generate the number
of paragraphs from your work.
1. Start the discussion with a reiteration or summary of the results.
Make a general statement in the discussion about the nature of the
whole set of observations. Connect this statement to points raised
in the Introduction. Elaborate what is clear in about these points.
Integrate the literature in order to compare results to what others
have done. Generalize your results, going back to points raised in
the Introduction.

2. Discuss your results with respect to structure, function, and
evolution (one paragraph each, minimally). Structure refers to formal elements: function refers to operation; evolution or growth invokes a larger temporal context.
3. Pull your discussions points together in a final paragraph, possibly leading to recommendations or some moderate speculation
based on the rest of your paper.
For instance, if your results describe sickle-cell frequency in a select
population, those results might be treated per the tripartite division as
follows: The structure paragraph could describe the structure of the recessive
allele responsible for sickle-cell anemia. It might note that abnormal hemo-
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globin, caused by the substitution of a single amino acid in the protein of
the hemoglobin, causes these molecules to stick together, and that a single
copy of the recessive allele enhances individual resistance to malaria. The
function paragraph could describe the manifestation of the genotype, possibly comparing/ contrasting the behavior of the disease in heterozygous and
homozygous individuals. This section might be related back to structure by
indicating that, in heterozygous individuals, the two alleles are codominant
at the molecular level, producing both normal and abnormal hemoglobin.
The evolution or growth paragraph might discuss statistical distribution of
the disease in a select population, analyze gene frequency within a stipulated population, possibly pr~dict gene frequency or spread of the disease.
Citation of previous studies threaded throughout the discussion is appropriate.

(3) Significance of Results
After a summary of the results, the following questions can be addressed
in one paragraph per question.
1. What is clear from the results?
Usually a type of pattern can be defined.

2. What are the limitations of the method?
Evaluate the methods.
3. What do the results argue for or against?
Consider negative results.
Present arguments for both sides.
4. What are alternative explanations? If you favor one, explain why
the others are not favored.
This is the place to anticipate reviewer's criticism.
5. What do the results of others/previous research have to say
about these issues?
6. What is the overall or general significance or recommendation
of these results?
Discussion: Journal Specifications
Discussion. The Discussion should provide an interpretation of the !~sults
in relation to previously published work and to the experimental system
at hand and should not contain extensive repetition of the Results section
or reiteration of the introduction. In short papers, the Results and Discussion sections may be combined. Instruction to Authors, Journal of Virology
Gan. 1989): iv.

Discussion: Student Example
Overall, genetic variability of Schiedea is much greater than for other
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endemic Hawaiian species. Island populations characteristical~y tend to
show smaller amounts of genetic diversity than mainland specIe~ ~u:lt~
the high probability of small population size, founder effect, an. 0 t e
necks associated with island colonization. This phenomenon IS. ~om~
pounded by additional founder effects as species migrate down the IhS .adn
.
.
f d'
'ty in Sc Ie ea
ch am (WItter and Carr, 1987). The great amount 0 IverSI
.'
may be attributed to breeding systems that promote outcrossi~l? whIc~ IS
evidence by the lack of variability in autogamous hermaphrodIt~c specIes.
There is no significant difference in the amount of genetic di~ersI.ty amo~g
the outcrossing species because they all contribute to genetIc dIfferentIation. Therefore, breeding system does playa role in varying the amount
of genetic variability.

The Process of Writing: Literature Search
Defining the Boundaries
A literature search must be comprehensive in that it must encomp~s~ the
most relevant research pertinent to your topic. Perhaps the most diffl~lt
part of this search is your defining the boundaries of relevant stud~es
pertaining to your work. This chore often seems overwhelming to begmning writers. Identifying your audience and understanding the purpose of
your writing will help you define the parameters of your search.
If your audience is a peer group, define your peers. You need not
consider your social peers, i.e., the other students in the class, as your
intellectual peers. If your research has been highly specialized and intensive, other researchers in the field, rather than your classmates, may serve
as your audience. Assess the group with which your work has the most in
common.
If you write with a specific journal in mind, your familiarity with the
papers it regularly prints will help you limit the borders of the subject. The
targeted journal will prescribe the context; within that context, assess the
information gap between your knowledge and the audience's knowledge.
For example, if your research project compared the gamma chain in equine,
bovine, primate, and human fibrinogen in order to provide insight into the
evolution of fibrinogen, the question to pose to yourself is this: How much
evolutionary theory must be provided in the Introduction? Must you go
into depth on Darwin and evolutionary theory? Is it possible to truncate the
history of the issue to accommodate only contemporary research?
If your audience is familiar with the fundamental theory of evolutionary biology, you need treat this subject only with regard to its more contemporary variations, especially in terms of the way that the salient features of
background information have been consistently rendered in the targeted
journal. If the journal is geared to a lay audience with passing knowledge
of Darwin, fill in the information gap by providing sufficient background.
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If you write with no journal in mind, assume the audience to be that of your
(self-defined) peers.

Integrating Sources
Comparison/ contrast and classification are the modes that facilitate the
integration of other sources with your work. An extensive c()mparison/ contrast of every work with yours is probably not in order. T()uch on
what is relevant to your study. Compare and contrast others' work with
your own on the basis of fiypothesis, experimentation, and results. See
Chapter 11, Comparison/Contrast.
Compiling a Body of References
1. Use key words in the search
Subject searches are organized by key words in card catalogues and
computer searches. Use key words to initiate your search. If you are
unable to locate the subject you need, check with the librarian or consult
a directory of key words.
Do not limit yourself to a search based on one key word. Extend
key words to include synonyms or related words. Generate related
words from the theoretical foundation of your paper, from processes,
methods, or subjects or models. Build a preliminary database. If an
author appears frequently in the subject search, check to see if this
author has a larger body of work which may be relevant to your study
but which may not be elicited by the key word searches.
Professional journals use indexes to list names and titles of research. These indexes are usually published once a year and index the
work in the previous year. If an index is not available for the year you
seek (the current year), look through the table of contents in each issue
of the journal for the year.
Do not assume too early in the process that your search is complete.
The literature search is ongoing. Keep at it. Eventually a common set
of references will become clear.
2. Assemble a body of texts
Ideally, the separate searches should produce common works.
Look for a body of common references. If several papers cite a common
source, look up that common source; it could be a seminal paper on the
topic and must be included in your documentation.
Make a list of the references. Because much time will be devoted to
reading, make a reasonable judgment based on the title, abstract, or
introduction about the works most pertinent to your research. You may
want to read the most pertinent works first and then engage the others.
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Do not skip articles which seem to have limited relevance; read them
in order to determine their relevance.
Unfortunately, not all the references you find will apply to your
research interest. Nonetheless, this labor-intensive task cannot be overlooked in the event that you pass over an article crucial to your studies.
Through the literature search, you begin to create your credibility as an
author and build the foundation for your reader's trust.
3. Read all the works in your corpus
While all works you have collected in your research may not be
important to your writing, you must read through all the works to have
an exhaustive search. Make note of seminal papers that are frequently
cited in the literature. Check the references at the end of the papers
against your list of references and modify your list, renewing your
search through subsequent returns to the library or the computer
database. (The literature search is ongoing.)
4. Take notes
Keep note cards with the reference information, title, and a briEif
summary of the article. If you have devised your own system for
note-taking, use that. List all the referencing information in the event
that, as you begin to write other sections of the paper, an unexpected
omission in your note-taking requires your rereading some pieces
already considered.
5. Classify the articles/authors you read
As you take notes in the reading, organize a system of classification.
Grouping your references into categories will make for ease of writing
the paper later. Define categories relevant to your research, but let those
categories emerge from your research. As you come to write, you will
integrate your literature search by grouping the authors with respect
to their positions vis-a-vis your topics. Although the articles will initially strike you as dissociated names at the beginning of your search,
they will later come to stand for different positions as you start to write:
support for your view, an alternative view, an exception, an explanation.
For example, in researching the role of the male and female function
in hermaphroditic plants, with the intention to examine the role of
flowering in such plants, you read ten articles on the subject.
Among the ten you have read, four are relevant to Sub-topic A (the
excess of flowers relative to fruit production); the other six are relevant
to Sub-topic B (descriptions of flowering patterns). Because you are
interested in Sub-topic A, not B, you focus your attention on A.
The four relevant to Sub-topic A can be further divided: Three
papers maintain the flowers attract pollinators; one paper maintains
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that flowers are focused on the male component of fitness. As you
integrate these categories in the introduction, they will appear as
follows:
(1) Some biologists have suggested that the excess of flowers serve to
attract pollinators (Wilson and Rathke, 1974; Willson and Price, 1977;
Stephenson, 1979). (2) In contrast, other studies have shown that this floral
characteristic has been specifically selected for the male component of
fitness (Queller, 1983).
The contrasting point of view (2) is reflected by only one person.
But this alternative perspective is not discounted because only one
person subscribes to it; rather, this individual is treated as a class of
explanations offering an alternative to the more widely held view and,
as such, comprises a set with one member.

Drafts
Expect to write several drafts. It is best to write the first draft in lengthy
form. Overwrite. Assume it will be cumbersome and too long. Do not get
stuck or blocked in one section. Put down enough to retain your train of
thought even though you may be tentative about what you are writing. It
may become clear that figures need to be redone.
In the second or third draft, revise for structural consistency. Make sure
that the topics in the Introduction are commented upon elsewhere and that
all the data is discussed in the Discussion. Compare and contrast Results
and Discussion sections to ensure that all the data described in the Results
is accounted for in the Discussion. Every point in the Discussion must be
raised earlier in the paper. Do not discuss any results for which you have
provided no data. Arrange the order of the points.
Beginning in the second and moving into the third draft, begin to revise
at the language level to heighten clarity and brevity and to reduce redundancy. At the same time, revise for cohesion among the parts. You may
require more than two or three drafts.
By the final draft, the writing should be concise and clear; the physical
presentation of your paper should be neat and orderly; the text of the paper
should be complete, with visuals and references assembled and properly
located in the paper. Drafts always get better.
The following sections are taken from a student-written manuscript.
They illustrate the difference between a first draft and a final draft. Notice
that the first draft and the final draft differ not only quantitatively but
qualitatively. In the first draft, the general parameters of the research are
described; in the course of revision, actual experimentation, and research,
the general ideas become fleshed out with detail to such a degree that the
final draft seem scarcely recognizable from the first.
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Exercises
1. Comparison of Drafts
.
Compare and contrast the first draft with the final draft in the followmg student
paper. How has the final draft changed structurally? In content? In style?

Effect of Lomefloxacin, Cefazolin, and Cefonicid
on Human Lymphocyte Proliferation
Fernando ThadepaUi
(Outline) INTRODUCTION
Antibiotics do not eliminate microorganisms from the body; they can
kill microorganisms or retard their growth, thus allowing normal host
defenses to clear the organisms and their toxic products. In the absences
of adequate concomitant host responses, antibiotics may fail to eradicate
an infection. Therefore, the effect of commonly used microbial agents on
immune responses may have clinical relevance in many surgical patients.
Our investigation examined the effect of a series of antibiotic agents on
cell-mediated immunity, using deoxyribonucleic acid (DNA) synthesis by
peripheral lymphocytes following stimulation by the mitogens, phytohemagglutinin (PHA) and poke-week mitogen (PWM) as the indexes of cell
mediated immunity.

(Final Draft) INTRODUCTION
The immunoglobulating effects of several classes of antimicrobial
agents have been studied by a number of investigators (1,2,4,6,7,12,14,
16). Cephalosporins are commonly used, wide-spectrum antimicrobial
antibiotics that inhibit bacterial cell wall synthesis (6). Quinolones are the
new age of antimicrobial therapy which target cellular DNA topoisomerase II in Sand G2/M phrases of the cell cycle (13, 18, 22, 23). The
eXFanded use of cephalosporins and quinolones during the past decade
has generated a number of chemically modified derivatives that are generally classified by "generations." The molecules of each generation have
similar microbial activity but different clinical and pharmacological features (half-life, serum peak concentration, side-effects, etc.) (2, 11, 25).
Beside microbial activity, some cephalosporins and most quinolones show
immunodepressive effects on the cellular and/or humoral arms of the
immune response (2). In particular, a dose dependent inhibition of lymphocyte proliferation in response to mitogens such as PHA, PWM, and
con A has been repeatedly observed (2, 11). The degree of such inhibition
is variable, depending on the different cephalosporin or quinolone, and
mechanism of the depressive effect is largely unexplored. In order to
elucidate the cellular and humoral components of the cephalosporin or
quinolone-mediated lymphocyte inhibition, we chose to study two cephalosporins, namely, cefazolin and cefonicid, and the quinolone, lomefloxacin. We evaluated the proliferative responses in the presence or absence
of the antibiotic, following stimulation with phytohemagglutinin (PHA)
and poke-weed mitogen (PWM). This panel of stimuli was selected be-
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cause response to PHA and PWM would show independent stimulation
by T and B cells, respectively. Our study showed that neither lomefloxacin
nor cefazolin significantly depressed lymphocyte proliferation, whereas
cefonicid exhibited a dose-dependent depression of triated thymidine
uptake in unstimulated and phytohemagglutinin-stimulated MNLs (T
cells).

......

(Outline) DISCUSSION
Most antibacterial drugs do not affect the mitogenic response of
human T and B lymphocytes, whereas a few are inhibitory. Therefore, the
finding of a pronounced alteration in the incorporation of tria ted thymidine in the presence of cefonicid was remarkable. A similar view is given by
the lack of an effective inhibition of proliferation by cefazolin and the
quinolone, lomefloxacin, as these might represent formidable drugs which
may be used in the immunocompromised patient.

(Final Draft) DISCUSSION
The results of these studies demonstrate that cephalosporin, cefazolin,
and the new quinolone lomefloxacin did not cause a general depression
of response in unstimulated and mitogen-stimulated MNLs, whereas the
cephalosporin cefonicid did cause a dose-related depression of transformation response in unstimulated and mitogen-stimulated MNLs.
Most antibacterial drugs do not affect the mitogenic response of
human T and B lymphocytes, whereas a few are inhibitory (2, 6). Lomefloxacin is a new quinolone that neither affects mitogen stimulated or
nonstimulated T and B lymphocytes where cultured for periods of 72
hours. Assays of 72 hours or more revealed a depression at concentrations
of 25 and 50 ug/ ml but no response was viewed at levels below these, that
is, at concentrations that are therapeutic serum levels. This finding suggests that lomefloxacin could be administered to the immunocompromised patient and might not interfere with the generation of an
effective immune response by the host.
Previously, Chaperon and Sanders (6) reported that several cephalosporins, including cephalothin, cephradine, cephalexin, cefamandole,
and cefoxitin, produced a dose-related reduction in lymphocyte response
to phytohemagglutinin and poke-weed mitogen. With the exception of
cefamadole and cefalothin, these effects occurred at concentrations that
exceed therapeutic serum levels. In the present study, the concentration of
cefazolin, which caused a depression of MNL responsiveness, are not
achievable therapeutically as well. Cefazolin, like lomefloxacin, is an
antimicrobial element that may have clinical significance when we choose
to use an antibiotic that does not adversely affect host immune response
to treat gram negative infections in the immunocompromised patient.
Due to the different kinetics of the proliferative response induced by
two stimulators used in this study, the relative sensitivity to Cefonicid
induced inhibition varies with time of culture. Thus at three days the
greatest suppressive effect is shown by the mitogen PHA whose responses
are severely reduced not only by the highest (200 mg/I), but also by the
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lower concentrations tested (25, 50, 100 mg/l). Our study demonstrates
that in vitro exposure of human PBMC to certain concentrations of Cefonicid can result in the depression of lymphocyte proliferation. The
mechanism of observed depression is unclear. Cell viability studies in
which the tryphan blue exclusion method was used revealed that cefonicid
cells did not affect viability at the concentrations used in the experiment.
An intracellular effect by the antibiotic is possible, but there is no data
available on the penetration of cefonicid into cells. The clinical consequences of the depression of MNL transformations remains to be determined. In situations in which short-term antibiotic therapy is being used
for acute infections, adverse effects on host defenses are unlikely. However,
in situations in which long-term antibiotic therapy is required, the immunosuppressant effects observed may be clinically important.

2. Complete Student-Authored Paper
Read the following paper carefully, and then answer the following questions.
a. What is the purpose of this study?
b. How did the experiment address the purpose? Assess the controls.
c. Outline the Results section, then compare and contrast it with the Discussion
and Methods sections.
d. Highlight the numerical references in the author's text. How did Cesar
Zamora use references?

Photo toxicity Comparison of Phthalocyanines
Cesar Zamora
ABSTRACT

The phototoxicity of Al phthalocyanine tetrasuifonate obtained from
Ciba Geigy and Porphyrin Products were compared using a cloning assay.
Dark toxicity studies carried out at varying peaks were obtained by
adjusting the photosensitizer's concentration utilizing data acquired from
spectral graphics. Chinese Hamster Ovary cells (CHO) were plated out,
and drug from both sources was added at different concentrations. An
argon-dy'e laser, emitting light at 675 nm and a power density of 50
m W / cm2, was used for the irradiations. The surviving clones were stained
and counted. Data shows no clone survival except for the Ciba Geigy
photosensitizer at a drug concentration of 1.0 ug/m1. The results indicate
that there is higher number of clone survival for irradiated cells at all
concentrations drugged with the photosensitizer manufactured by Porphyrin Products than with the photosensitizer manufactured by Ciba
Geigy. The results also indicate that there are no cytotoxicity effects for
either photosensitizer for concentrations up to 100 ug/m1.
INTRODUCTION

Photodynamic Therapy (PDT) is a promising modern experimental
technique used for the treatment of various malignancies (Dahlman, et aI.,
1983; Waldow, et aI., 1987; Dougherty, 1984, 1987). The process of PDT
involves the utilization of a photosensitizing dye which selectively localizes in cancerous tissue (Dougherty, 1974); the tumor is destroyed when
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laser light with sufficient energy is tuned to the appropriate wave-length
of the photosensitizer (Gomet, et al., 1989). When photosensitizer molecules become excited by the energy of the laser light, high reactive singlet
oxygen is generated (Kimel, et al., 1989). Singlet oxygen plays a major role
in the tumor destruction of PDT by interacting with cellular components
and tumor vasculature (Gal D., 1992).
PDT has been applied for the treatment of specific tumors (Dahlman,
et aI, 1983; Waldow, et al., 1987; Li, et aI, 1990); Photofrin II which absorbs
at 630 nm is the primary photosensitizer utilized in clinical procedures
(Kimel, et al., 1989). Longer wavelengths allow deeper light penetration
into a tumor; therefore, photosensitizers absorbing at longer wavelengths
than PflI would be more advantageous in clinical PDT (Roberts, et al.,
1989). Patients must remain out of the sunlight for approximately one
month to avoid harmful reactions (Roberts, et al., 1988). Reports of the
consequences of PDT treatment have not indicated any permanent side
effects of various drug treatments (McCaughan, 1990), but there are possible harmful side effects of various drug treatments. (Roberts, et al., 1989;
McCaughan, 1990; Salet, Christian, et al., 1989). One of the most common
side effects is skin photosensitivity (Dougherty, 1986), which may be
alleviated by a process known as "photobleaching" (Mang, et al., 1987;
Potter, et al., 1987; Boyle and Potter, 1987).
The purpose of this study was to establish a comparative phototoxicity of the same photosensitizer, Al phthalocyanine tetrasulfonate, which
we obtained from different commercial sources, Ciba Geigy and Porphyrin
Products. Phthalocyanines are presumed to be one of the most promising
photosensitizers in PDT (Savistsky, et al., 1992). Al phthalocyanine
tetra sulfonate absorbs at a wavelength of 675 nm, which will be the
wavelength of the laser light during irradiation of cells.
A dark toxicity study, to determine any toxic effects on cells without
laser irradiation (Roberts, et al., 1989), will also be carried out. Dark toxicity
studies will be performed in conjunction with laser irradiation using the
same phototoxic drug concentrations, and a separate experiment for each
photosensitizer will also be carried out at much higher drug concentrations, up to 100 ug/ml.
The overall scope of the study was to determine which of the two, the
photosensitizer manufactured by Ciba Geigy or Porphyrin Products, had
the highest phototoxicity level.
MATERIALS AND METHODS

Absorption Analysis
Chinese Hamster Ovary cells (CHO) were used. These cells are convenient to work with due to their high cloning efficiency and action of
dihydroxyanthraquinone on the cell cycle progression and survival (Traganos, et al., 1980). These cells divide approximately every 12 hours. Before
commencement, the absorption peaks of Al phthalocyanine tetrasulfonate
manufactured by Ciba Geigy and Porphyrin Products were analyzed with
a spectrophotometer. Analysis of the photosensitizers indicated that the
Porphyrin Products had higher absorption peaks than the Ciba Geigy
photosensitizer. At the wavelength of 675 nm, the drug manufactured by
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Porphyrin Products had a higher absorption peak than the drug manufactured by Ciba Geigy. Therefore, the Porphyrin Products' drug was adjusted by adding Phosphate Buffered Saline (PBS) solution to obtain
equivalent absorption peaks. The use of the presumed drug concentration,
without absorption analysis and concentration adjustment, would likely
result with a higher phototoxicity for the drug with the highest absorption
peak.
Cell Culture System
Subculturing was performed prior to experimentation. The purpose
of subculturing is to prevent the cells from exceeding the capacity of the
medium, which may cause the cells to cease or greatly reduce their growth.
The cells divided until they were approximately 80% confluent, after
which they were subcultured. Depending on cell type, a specific enzyme
added to the cells to will detach them from the bottom of a flask. In this
case, 1 ml of trypsin was added, and the cells were placed in an incubator
for approximately 5 minutes to allow complete detachment. The cells were
then removed from the flask and added into a centrifuge tube, which was
placed into a centrifuge machine and spun at 1,000 rpm for 5 minutes. The
supernatant was removed and the pellet was resuspended with media.
The cells were then distributed into three different flasks, at specific
concentrations, and placed in an incubator with 5% carbon dioxide.
Dark Toxicity
A dark toxicity study was carried out simultaneously with the phototoxicity study at the same drug concentrations. Therefore, enough dishes
were plated out for both studies. Dark toxicity studies determine whether
or not photosensitizers have cytotoxic effects on cells without laser irradiation. A dark toxicity study with extremely high drug concentrations
was also performed for both photosensitizer. This study involved drug
concentrations of 0 ug/ml, 10 ug/ml, 20 ug/ml, 40 ug/ml, 80 ug/ml, and
100 ug/ml.
Phototoxicity Assay
Cell phototoxicity was determined by a process known as a cloning
assay (Roberts, et al., 1988). After the cells acquired an 80-90% of confluency, trypsin was added to the flask to detach the cells. The cells were then
added into a 15 ml centrifuge tube and spun at 1,000 rpm for 5 minutes.
The supernatant was removed, and the pellet (the CHO cells) was resuspended with 4 ml of media, and was thoroughly mixed. The cells were
then counted using a hemocytometer, an instrument used to count the
number of cells for each milliliter of solution. After the cells were counted,
250 cells for every petri dish were plated out (six petri dishes were plated
out for each drug concentration and for each photosensitizer). The cells
were then allowed to settle and attach to the petri dishes for 2-4 hours in
an incubator. During this time period, preparation of different drug concentrations followed.
The preparation of different drug concentrations was carried out
under light-restricted conditions. The different drug concentrations included 0 ug/ml, .05 ug/ml,.l ug/ml, .25 ug/ml,.5 ug/ml, and 1.0 ug/ml.
Depending on the concentration desired, a specific amount of drug was
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added, with a micro pipette, to every ml of Minimum Essential Medium
(MEM). Enough drug was prepared to perform both the phototoxic and
the dark toxicity experiments simultaneously. Half of the dishes were used
for Ciba Geigy and Porphyrin Products phototoxicity study, and the other
half were used for the dark toxicity study.
.
After the cells adhered to the bottom of the dishes, the old media was
removed and 4 Inl of each drug at a specific concentration was added to
six separate petri dishes (This step and the following ones were also done
under light restricted conditions.). Three dishes were used for the phototoxicity study, and the remaining three were left as dark toxicity controls.
The cells were then placed into an incubatot with 5% carbon dioxide for a
period of 18 hours. Afterwards, the drug was removed and 4 ml of fresh
MEM was added in its place. The dishes were then placed into the incubator
for another 2 hours, and were subsequently ready for irradiation. The same
procedure, as mentioned above, was carried out for the dark toxicity study
at drug concentrations ranging from 0 ug/ml to 100 ug/ml.
Laser System
An argon-dye pumped laser was used. The laser was set to emit laser
light at a wavelength of 675 nm. The power was set at 1414 m W, the energy
2
density was 10 J/cm , the spot size of the light was set at 6 em, and the
power density was 50 m W / cm2.
Irradiation
Three of the six dishes for each drug were irradiated for 3 minutes and
20 seconds, to obtain an energy density of 10 J / cm2. The remaining half of
the dishes was used for dark toxicity purposes. All dishes had undergone
the same preliminary procedure, but after the drugs were removed from
the dishes and fresh media was added, the dark toxicity dishes did not
undergo irradiation. These dishes remained in the incubator throughout
the remainder of the experiment.
Cell Cloning and Counting
Both sets of cells, the irradiated and the dark toxicity cells, were
allowed to clone for approximately 3-5 days after the irradiation date, until
they reached a size of approximately 1 mm in diameter, which allowed for
their counting. The clones were examined periodically to inspect their size.
Clones too small would be difficult to count. On the other hand, if the
clones were allowed to divide too much, the cells may detach from the
clone and produce their own colonies.
After the clones reached an appropriate size, they were set and
stained. This procedure was performed for both the irradiated and the
dark toxicity experiments. The old media was removed and washed twice
with phosphate buffered saline solution (PBS). The clones were then fixed
by the addition of methanol, which sat on the cells for about 5 minutes,
and was then removed. The dishes dried and the clones were stained with
crystal violet. The clones were counted with a colony counter, and both
the irradiated and the dark toxicity clones were analyzed.
RESULTS

The scope of the study was to compare the phototoxic properties of
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Al phthalocyanine Tetrasulfonate produced by Ciba Geigy and Porphyrin
Products. The photosensitizers produced were presumed to possess identical phototoxic behaviors. However, recent animal studies performed by
our and another facility indicated differences in phototoxic behaviors
between the two photosensitizers.
The photosensitizer manufactured by Ciba Geigy was received as a
solution at a concentration of 300 ug/ml. The photosensitizer manufactured by Porphyrin Products was received as a powder, which was dissolved in .1 N NaOH and then diluted with Phosphate Buffered Saline
(PBS) solution with calcium and magnesium. Porphyrin Products had
substantially higher absorption peaks than Ciba Geigy. For instance, at the
desired wavelength of 675 nm, Porphyrin Products had an absorbance of
about 1.3, and Ciba Geigy had an absorbance of about .43. Since the
Porphyrin Products' photosensitizer had the highest absorbance, it was
diluted with PBS to lower its absorbance to that of the Ciba Geigy photosensitizer. The two photosensitizers were adjusted to have approximately
the same absorption of approximately .43.
The intended number of cells for each petri dish was targeted at 250
cells/ dish. Inability to obtain a constant number of cells for all the dishes
may result in inaccurate data. Therefore, control dishes were plated out
for every set of experiments performed. Table 2, containing data from the
dark toxicity study, and Figure 1 below, containing data from the phototoxicity study, bot~ present the control group at a drug concentration of 0
ug/ml, which reveals close consistency of cell numbers for every experimental set.

Table 1
Dark Toxicity of Higher Drug Concentrations
Concentration of drug
(ug/mI)

Lowest 0 ug/mi

Highest 100 ug/mi

Number of surviving clones
CibaGeigy

porphyrin Products

207

179

187

185

193

184

185

183

174

201

183

172

Number of surviving clones at the control and highest drug concentration levels as a
means of identifying cytotoxicity.
Due to the complex nature of the laser, frequent "inspections" were
made throughout the irradiation period. Each experiment performed
throughout the study utilized as many as 36 dishes, that were each
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irradiated for 3 minutes and 20 seconds; therefore, the laser was turned on
for long periods of time at a high power. Periodic checks throughout the
irradiation period were made to verify uniform power and thus to permit
us to identify and correct a drop in power.
Following irradiation, the surviving cells were allowed to clone for
several days. Periodic checks were made to identify the best day for fixing
and staining the clones. If the clones were fixed and stained too soon, the
clones would be too small to count. On the other hand, if the cells were
allowed to clone for too many days, an excess of clones would hinder
counting. For instance, cells belonging to a particular clone may detach
from their original clone, attach to another part of the dish and create their
own colonies. Therefore, the clones were counted when they reached a
diameter of approximately 1 mm.
Dark toxicity studies were performed to determine whether or not
there were any cytotoxic effects on the cell system without laser light. The
data for the dark toxicity study carried out at high drug concentrations
which ranged from the control, aug/ ml, to the highest drug concentra tion,
100 ug/ ml, is shown in Table 1. The cells drugged with the Ciba Geigy and
the Porphyrin Products photosensitizer at the highest concentration of 100
ug/ml as compared to the control show no cytotoxic effects. The data for
the number of clone survival for the dark toxicity study carried out at the
same time and at the same drug concentrations as the phototoxic study is
shown in Table 2. In this case, the cells drugged with either photosensitizers reveal no cytotoxic effects for any of the drug concentrations when
compared with the control. The number of surviving clones are fairly
equivalent at all drug concentrations for both photosensitizer sources.
Cells were also irradiated with laser light tuned at a wavelength of
675 nm. The surviving clones were counted for each set of irradiation
experiments. The data of the number of surviving clones after irradiation
for the Ciba Geigy and the Porphyrin Products photosensitizers is shown
on Figure 1. Three sets of experiments were carried out for each photosensitizer. The data identifies differences in the number of surviving clones
between both photosensitizers at every drug concentration, when compared with the control, and reveals a higher cell killing for every set of
experiments which utilized the Ciba Geigy photosensitizer. The average
number of surviving clones of the irradiated and the dark toxicity experiments at each drug concentration is shown in Figure 2. The data shows no
cytotoxicity effects at any drug concentration for neither photosensitizer.
The data also shows there were no surviving cells for Ciba Geigy photosensitizer at a drug concentration of 1 ug/ml. All other concentrations
show some cell killing, but for every drug concentration, the Ciba Geigy
photosensitizer displays more cell killing than the Porphyrin Products
photosensitizer. Figure 1 represents this data in form of a line graph. The
control clone survival was fairly uniform for every drug concentration for
both photosensitizers; therefore it may be presumed that the cell numbers
for each dish were the equivalent, and that there was no sign of any dark
toxicity. The curve representing the Ciba Geigy photosensitizer also drops
much more rapidly at lower concentrations than the Porphyrin Products
photosensitizer.
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Table 2
Dark Toxicity Data
Concentra tion
of drug
ug/ml)

0

.05

.1

.25

.5

1.0

Number of surviving clones
Porphyrin Products

Ciba Geigy
Set #1

Set #2

Set #1

Set #2

219

226

221

201

202

200

216

164

200

195

235

207

205

190

227

246

201

186

209

220

195

194

212

204

202

202

214

259

229

210

205

251

201

226

218

211

204

248

224

217

211

232

223

177

191

218

230

203

218

233

222

205

219

244

227

224

187

202

213

202

213

250

200

202

199

217

193

201

194

203

180

211

Study carried out in conjunction with the first two sets of irradiations at identical drug
concentrations to identify any cytotoxicity. The total number of surviving clones at different drug concentrations is indicated.
The percent clone survival for each photosensitizer was determined
at the different concentrations as shown in Figure 2.
The graph indicates there were higher clone survival rates for the
Porphyrin Products than the Ciba Geigy photosensitizer for every drug
concentration. At the drug concentrations of .05 ug/mI, .1 ug/ml, .25
ug/ mI, .5 ug/mI, and 1.0 ug/ mI, there was, respectively, a 90.1 %,35%,5%,
.5%, and 0%, clone survival for the Ciba Geigy photosensitizer. On the
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Figure 1: Number of surviving clones for irradiated and control sets at represented
drug concentrations.
other hand, at the same drug concentrations of .05 ug/ml, .1 ug/ml, .25
ug/ml, .5 ug/ml, and 1.0 ug/ml, there was, respectively, a 95.4%, 88%,
75%, 17%, and 1% clone survival for the Porphyrin Products photosensitizer.
DISCUSSION

The photosensitizers produced by Ciba Geigy and Porphyrin Products were used in animal studies conducted by our and another facility.
The two photosensitizers appeared to show different phototoxic outcomes, and differences in the drug concentration needed to obtain the
same clinical response. Twice the concentration of Porphyrin Products
photosensitizer was needed in order to obtain equivalent clinical responses over the concentration of the Ciba Geigy photosensitizer.
Spectra created from the two photosensitizers indicated higher absorption peaks for the Porphyrin Products photosensitizer at equivalent
drug concentrations. Adjustment of the Porphyrin Products photosensitizer allowed for a comparative phototoxic analysis between the two
photosensitizers.
Distribution of cells was extremely accurate. For the different sets of
experiments performed for the dark toxicity and the phototoxicity study,
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fairly equivalent cell numbers were obtained and, as a result, provided
fairly accurate and comparable data.
Since uniform power of the laser had to be maintained throughout
the irradiation period, frequent inspections were made to identify a drop
in power. Periodic observations successfully maintained a power of 1414
mW.
After the clones were allowed to obtain a reasonable size, approximately 1 mm, the clones were counted with a colony counter. If the clones
were too small, then they were not counted. However, if the clones were
larger than the average size, they were still counted. This process was
accomplished for every petri dish plated, which include the irradiated and
dark toxicity clones.
Dark toxicity tests performed for the Ciba Geigy and Porphyrin
Products' photosensitizers displayed no cell death. This observation was
seen from the dark toxicity study performed in conjunction with the
phototoxic experiments, which included drug concentrations at 0 ug/ml,
.05 ug/ml,.1 ug/ml, .25 ug/ml,.5 ug/ml, and 1.0 ug/ml. The other dark
toxicity study carried out at higher drug concentrations, ranging from 0
ug/ml to 100 ug/ml also displayed no cell death. This signified that there
were no toxic effects for either drug at any of these drug concentrations.
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The number of surviving clones as compared to the drug concentration
indicated there was higher number of clone survival for the cells drugged
with the Porphyrin Products than the Ciba Cadge photosensitizer. It
would be considered safe to speculate that the photosensitizer produced
by Ciba Geigy is slightly over twice as potent as the photosensitizer
produced by Porphyrin Products.
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