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Everyone's familiar with Beckman Microfuge" 
centrifuges. They're indispensable in research, clini- 
cal, and industrial labs for spinning down small sam- 
ples fast. 

Now Beckman offers two advanced Microfuge 
models with features youtl expect only in larger cen- 
trifuges, plus higher speeds, forces, and increased 
capacity. 

The Microfuge 11 holds tubes in slides. like the 
Microfuge B. But it generates much higher centrifu- 
gal forces-up to 11,600 ,g with a full load of 18 1.5/1.8 
mL tubes. 

The Microfuge 12 holds even more tubes-up to 
60 of the 1.5/1.8 mL size-and spins them at even 
higher forces-up to 12,200 g. (It's color-coded tube 
holders are also tube racks, and there is a clever 
holdedrack for decanting 1.5-mL tubes for such 
applications as RIA: you simply squeeze the sides of 
the holder together while inverting the tubes. 

Both Microfuge 11 & 12 offer variable speed set- 
tings with precise speed control: you set the speed 
you want, and the 11 & 12 run at that speed no matter 
what the tube load. Both 11 & 12 have imbalance 

detection: the motor shuts off if the rotor has been 
seriously misloaded. And both models have auto- 

runs. 

brochure SB-570 
to Beckman 
Instruments, Inc., 
Spinco Division, 
11 17 California 



At NEN, service 
IS not just a POKY: 

Highest specific activity 

Epinephrine, levo-[N-methyl, ring-2,5,6- 3Hl- 
95-1 45Ci/mmol 
0.2~ Acetic acid:ethanol, 9:1, under nitrogen, 
foil-wrapped vial, dry ice 
NET-696 250kCi 1mC1 
Norepineprine, levo-[ring-2,5,6- 3H]- 
40-60Ci/mmol 
0.2N Acdtic acid:ethanol, 9:1, under nitrogen, 
foil-wrapped vial, dry ice 
NET-678 250wCi 1mCi 5mCi 
Dihydroxyphenylethylamine hydrochloride, 3,4- 
[ring-2,5,6- 3H(N)l- 
40-60Ci/mmol 
Ethanol:0,2N Acetic acid, 1:9, under argon, 
foil-wrapped vial, dry ice 
NET-673 250pCi lmCi 
Circle No. 303 on Readers' Service Card 

Call or write for our complete list of over 100. 
Adenosine receptor agonist 
Cyclohexyladenosine, N 6-[adenine-2,8- 3H]- 
Adenosine receptor antagonist 
Diethyl-Sphenylxanthine, 1,3-[phenyl-4- 3H]- 
Serotonin-? antagonist 
Mianserin hydrochloride, [N-methyl- 3H]- 
GABA agonist 
Piperidine-4-sulfonic acid, [r~ng- 3H]- 
Irreversible cholinersic antasonist 
~ropylbenzilylcholine mu<tard hydrochloride, 
[propyl-2,3- 3H]- 
Histamine-2 antagonist 
Tiotidine, [methyl- 3H]- (ICI 125,211) 
Potential barbiturate recec>tor lisand 
(1,3-~imeth~lbutyl)-5.ethylbar~ituric acid, (-)-5, 
[butyl-2,3,4- 3H (N)]- 
Circle No. 304 on Readers' Service Card 

Custom design and s.ynthesis of 
PHOTOAPFINIW PROBES 
Labeled in alanine-1 position to prevent possible loss 
of label by hydrolysis 
Azido-2-nitrophenyl-palanine, N-4-[alanine-I- 4C]- 
40-60mCi/mmol 
Ethanol:water, 7:3, foil-wrapped vial, dry ice 
NEC-769 50 pCi 250pCi 
Circle No. 305 on Readers' Service Card 

Carrier free. Tested for binding and displacement in a 
specific RIA. Standard curve supplied with shipment. 
Thyrotropin releasing hormone, [12511- (monoiodinated) 
pGlu-His-Pro-NH, 
-2000Ci/mmol carrier free 
Propanol:water, 1:l 
NEX-153 10pCi 2xIOpCi 50pCi 2~50pCi  
Prepared fresh for stock 2nd Monday each month 
Circle No. 306 on Readers' Service Card 

High specific activity >500pCi/pg 
Stable four weeks from production date 
Each lot tested for binding and displacement in a 
specific RIA 

Substance P (8-L-tyrosine), [1251]- 
> 500pCi/pg 
Lyophilized from sodium carbonate buffer, pH 9.9, 
containing bovine serum albumin 
NEX-152 10pCi 2 x IOpCi 50pCi 2 x 50pCi 
Prepared fresh for stock third Monday each month 
Circle No. 307 on Readers' Service Card 

Not for use in humans or clln~cal d~agnos~s 

New England Nuclear 
549 Albany Street Boston, Mass 02118 
Call toll-free: 800-225-1572 
(In Massachusetts and International: 617-482-9595) 

NEN Chemicals GmbH: D-6072 Dre~eich, W. Germany 
Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 
NEN Canada: 2453 46th ~ve'nue, Lachine, Que. H8T 3C9 
Tel. 514-636-4971. Telex 05-821808 
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Stick-insect, or phasmatid (Didymuria 
violrscrns). This is one of a large num- 
ber of herbivorous insects that may 
cause considerable damage to Eucalyp- 
t14s trees in southeast Australia, some- 
times producing widespread defolia- 
tion. Many of these herbivore species 
have generalized diets, but may func- 
tion as specialists in local communities. 
See page 887. [P. A. Morrow, Depart- 
ment of Ecology and Behavioral Biol- 
ogy, University of Minnesota] 



MORE CONVENIENCE 
New pre-blended Ampholine" carrier 
ampholytes for electrofocusing are 
available in three narrow and one 
wide pH range. Now there's no need 
to spend time mixing to achieve these 
specific ranges. Jus t  select the pre- 
blended Ampholine you need (pH 2.5 
to4.5,4.0to6.5,5.0to8.0and3.5to 
9.5). They're designed to give the 
same linear, virtually drift-free pl 
gradient achieved using standard 
Ampholine with LKB Agarose-EE -. 
acrylamide gels. 
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bine it with the new pre-blended 
Ampholine and the 2500 volt power 

ply to significantly reduce your 
times while cutting costs. Ask 
r local LKB representative for 

..., :e information on these new prod- 
ucts and the complete line of LKB in- 
struments and consumable~. Depend 
on the leader in electrofocusing to -.-.,, .. you more. 

crossover between running modes 
compensates for varying gel condi- 
tions. Built-in timer with alarm and 
automatic shutoff allows for time coi 
trol. With accurate control of four pa 
rameters, you can achieve maximum 
resolution and reproducibility in all 
your electrofocusing and elec- 
trophoresis experiments. Bright LEP 
display lets you monitor performanc 
easily and the Model 2197 is design€ 
to comply with all relevant safety 
standards. 

SUP 
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DON'T JUST 
SIT THERE 

PHONE TlAA (TOLL FREE) 
FOR HELq RIGHT AWAY! 

Perhaps a new baby, or a big mortgage debt, or a 
recent salary increase, or just plain cbuble-digit inflation has 
you worried that the life insurance coverage you presently 
maintain for your family isn't enough to take care of them 
the way you do. Whatever your concern, you can get help 
by phoning the TlAA Life lnsurance Advisory Center and 
talking with an lnsurance Counselor. 

Every week hundreds of your colleagues in educa- 
tion call these trained TlAA professionals to discuss such 
questions as: 

Which kind of life insurance is best for me? 
How much should I have besides group 
coverage? 
What would It cost? 

There's no obligation of. course; it's part of the service TlAA 

provides to the education and research communities. 
It's a fact that most educators with a family to raise 

and educate are seriously underinsured, and inflation isn't 
helping. They need as much immediate family protection 
as they can get for their money That's why our counselors 
frequently suggest low-cost TlAA Decreasing Term policies 
when it's clear that a sizable chunk of new coverage is 
essential. 

Just $167 a year* buys a $100,000 20-Year De- 
creasing Term policy for a man aged 35 or a woman 
aged 40! 

This example is drawn from the following table illus- 
trating yearly costs for different initial amounts of protection 
on this plan: 

TlAA 20-YEAR DECREASING TERM INSURANCE COST EXAMPLES FOR SELECTED AGES 

:;w,oo;~~LY 45 ;;o,o;; b112 2riw,ooo ~ I I C Y  

Issued to a man aged 35 45 
Issued to a woman aged 40 50 40 50 30 40 50 
Annual Premium $93.50 $164.00 $373.50 $187 $328 $747 $280.50 $492.00 S1.120.50 
Yearly Cash Dividend 42.00 70.50 148.00 1 0 4  2 3 1 6  166.00 251.50 484.00 - 
Yearly Net Cost* $51.50 $ 93.50 $225.50 $ 83 $167 $431 $114.50 $240.50$ 636.50 

*Annual premium, less cash dividend payable at the end of policy year on current scale. Dividends cannot be 
guaranteed or estimated for the future, but TlAA has paid dividends every year since its founding in 1918. 

So you see, there's no reason to worry. At costs like 
these you can comfortably afford togive yourfamily all the 
protection they need. 

For answers to your questions, dial TOLL FREE 
800-223-1200 (In New York call collect 212-490-9000). If you 
prefer to receive information by mail, just fill out and send 
the coupon at the right. 

Eligibility for TlAA is extended only to employees of 
colleges, universities, private schools, and certain other 
nonprofit educational or scientific organizations, and to the 
spouse of such an employee when more than half of the 
combined earned income of husband and wife is from a 
qualifying institution. 

Established as a Nonprofit Service Organization 
by the Carnegie Foundation 
for the Advancement of Teaching 

I 
Life lnsurance Advisory Center 
Teachers lnsurance and Annuity Association 
730 Third Avenue, New York, NY 10017 

s22781L I 
I 

Please send me more information about low-cost TlAA life 
insurance, including personal illustrations of policies for my I 
age as indicated below: 

Decreasing Term 5-Year Renewable Term 
Whole Life 

I 
I 

Please print I 
Name Title Date of Birth I 

I Address I 
I 

I City State Zip 

I Nonprofit Educational or Scientific Employer (college, uni- 
I 

, versity, private school, etc.) I 
I 

If your spouse is also eligible according to rules at left. I I please provide I 
I I spouse's name and date of birth I 
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LETTERS 

"Whistle-Blowee" Responds 

The many scientists and other profes- 
sionals in LMS Engineers, as well as my- 
self, have read with absolute disbelief 
the 14 November 1980 article (News and 
Comment, p. 749) by Constance Holden 
entitled "Scientist with unpopular data 
loses job." Were it not for the correct 
spelling of our names and the photograph 
of our former employee, Morris H. Bas- 
low, we would have believed we were 
reading an article about some other firm 
and individuals. 

This biased and incomplete article has 
damaged our professional reputation, as 
well as that of the individual scientists 
who have worked with us for many years 
and adhere to the highest of professional 
standards. It is impossible to set all as- 
pects of the record straight in this letter. 
The masthead statement regarding Sci- 
ence's serving as a forum for, among 
others, the presentation of conflicting 
points of view, requires an article placing 
this matter in proper perspective (that is, 
a response from the "whistle-blowee"). 
Such a response is warranted all the 
more because we recently learned from 
Baslow that this matter has been under 
evaluation by the AAAS Committee on 
Scientific Freedom and Responsibility 
for some 6 to 8 months, including the in- 
terviewing of many parties, whereas our 
first contact with Science was scant days 
prior to the article's going to press. 

Irresponsibility and lack of impartial 
reporting is evidenced by Holden's state- 
ment that "the commission [FERC (Fed- 
eral Energy Regulatory Commission)] al- 
so wants to establish whether there has 
been any wrongdoing on the part of LMS 
Engineers." This issue has been specifi- 
cally addressed in the findings of a 5-day 
hearing held before FERC Administra- 
tive Law Judge Stephen Grossman. 
Judge Grossman's order of 10 September 
1980 states: 

A number of the participants to this pro- 
ceeding have argued in the alternative that, if 
an attorney-client privilege exists, it has been 
waived. The finding above, that no privilege 
exists, eliminates the need to address ques- 
tions of waiver. In fairness to Utilities and 
LMS, however, one matter raised in this con- 
text must be addressed. Several parties have 
claimed that Utilities waived all evidentiary 
privileges because they have attempted to use 
the privileges to shield wrongdoing. The rec- 
ord in this proceeding proves the contrary 
and, in fairness of the parties accused, that 
proof is noted here. 

The accusation of wrongdoing originated 
with Dr. Baslow's letter of October 8 to Judge 
Yost. In that letter, Dr. Baslow stated that 'I 
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have known . . . that the density-dependent 
growth testimony in the utilities Hudson Riv- 
er . . . case is not valid.' Because LMS and 
Utilities knew of Dr. Baslow's research prior 
to the filing of the EPA testimony in question, 
the implication is that the Utilities knowingly 
filed false testimony before the EPA. Accept- 
ing this implication, of course, requires ac- 
cepting the assumption that Dr. Baslow's 
studies vitiate the validity of the testimony 
filed before the EPA. Not even Dr. Baslow 
claims that his studies invalidate the EPA tes- 
timony. Testifying under oath at  this pro- 
ceeding, Dr. Baslow weighted his work this 
way. 'It is what it is and it points out a new 
area that must be considered when you deal 
with growth.' . . . Dr. Baslow rejected the 
proposition that his work 'completely devas- 
tated any major theories of compensation or 
density-dependent work.' . . . 

In fact, with regard to Dr. Baslow's work, 
the record reflects this. Dr. Baslow believed 
that his temperature studies had revealed an 
important relationship between temperature 
and fish growth. Certain scientists at LMS 
and with the Utilities believed he might have a 
point; others believed the contrary. Dr. Bas- 
low pushed to have his findings reflected in 
the EPA testimony and was temporarily over- 
ruled. Counsel for Utilities suggested that, af- 
ter further investigation, the studies might be 
used on rebuttal before the EPA. This is not 
then a case of fraud or false testimony. It was, 
until Dr. Baslow went public, merely a dis- 
agreement amongst scientists over the validi- 
ty of a new and untested piece of information. 
No wrongdoing has been shown. 

Clearly Holden had access to this order. 
Other instances of biased reporting 

abound. The time apparently was taken 
to seek opinions on Baslow's integrity 
from those who aligned themselves with 
his "cause." Should not I, my partners, 
and LMS as a whole have been afforded 
the same? The legal steps taken by LMS 
and the utilities are characterized by 
delaying and maneuvering. Why not dis- 
cuss with us the reasons for any legal 
steps we took, all of which were totally 
proper? Did Holden read Baslow's state- 
ments retracting his allegations of 
wrongdoing and employee discrimina- 
tion? Had she done so, her character- 
ization of the settlement reached might 
have left less an impression of begrudg- 
ing acceptance, and more an impression 
of clear and unequivocal removal of is- 
sues of impropriety, leaving the matter 
solely in the realm of a scientific and 
technical dispute, which indeed it is. 
Holden lists the initial Labor Depart- 
ment finding but does not tell the reader 
that such a finding would play no part in 
the Labor Department hearing, a fact 
which Labor's letter indicates and which 
was clearly pointed out to Holden by our 
attorney. 

In short, Holden plainly infers that "a 
little simple whistle-blowing''-going 
public with claims of misconduct by 
one's employer-is praiseworthy, even 
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when the claims are not true. Judge 
Grossman made the following comment 
during the aforementioned FERC hear- 
ing that I believe is relevant here. 

I suppose it is a syndrome that this country 
seems to have suffered from for some time 
popularly known as the 'Watergate Syn- 
Srome,' where there is leveled upon everyone 
regardless of what is being done, tremendous 
suspicion, especially anybody in the business 
>r industrial community. 

There is cast upon those who come forward 
md say I am going public with something that 
my employer doesn't want me to tell any- 
body, a halo, a presumption of holiness. The 
person doing that must be right or else he 
would not do it. And anybody who suggests 
that he is not right must be wrong. You are 
jealing with a firm in which we do not even 
know whether a problem even exists in its 
whole history, or even contemplated that an 
:mployee might go away with documents that 
firm might consider proprietary or privileged 
Dr even if they considered the possibility of 
this hearing, nobody has yet asked Dr. Lawler 
about this. Nobody seems to care. What you 
we trying to do is set up a security system that 
perhaps would be appropriate for a strategic 
iefense department site and implying that 
LMS should have had such a system and fore- 
seen that an employee was going to try to 
walk off with something. I do not find that 
zredible. 

In the interest of an objective evalua- 
tion of the workability of employee pro- 
tection laws, we deserve this opportu- 
nity to respond. 

JOHN P. LAWLER 
Lawler, Marusky & Skelly Engineers, 
Dne Blue Hill Plaza, 
Pearl River, New York I0%5 

G a l i  as a Scientist 

The points I tried to make in my reply 
(Letters, 1 Aug. 1980, p. 544) to Whita- 
ker (2 May, p. 446) were "unsupported" 
(Whitaker's letter of 10 Oct., p. 136), 
that is, unencumbered by footnotes, be- 
cause I assumed that Whitaker was fa- 
miliar with the underlying facts. This, 
apparently, is not the case. Let me there- 
fore elaborate. 

1) I admit that the copperplates of Gal- 
ileo's drawings of the moon are more ac- 
curate, from the point of view of present- 
day knowledge, than the woodcuts, and 
those of my arguments which proceed 
from the latter are therefore rendered in- 
valid-with a proviso to be spelled out in 
point 3 below. 

2) However, not all troublesome as- 
pects of Galilee's observations of the 
moon are thereby removed. For ex- 
ample, Galileo asks (I ), " Why don't we 
see unevenness, roughness and waviness 
in the waxing moon's outermost periph- 
ery which faces west, in the waning 
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moon's other semicircular edge which 
faces east and in the full moon's entire 
circumference? Why do they appear per- 
fectly round and circular?" Kepler wrote 
(2) (on the basis of naked-eye observa- 
tions): "If you look carefully at the moon 
when it is full, it seems perceptibly to be 
lacking in roundness," and he answers 
Galileo's question by saying (3): "I do 
not know how carefully you have 
thought about this subject or whether 
your query, as is more likely, is based on 
the popular impression. For . . . I stated 
that there was surely some imperfection 
in this outermost circle during full moon. 
Study the matter and once again tell us 
how it looks to you" (4, 5). 

3) If we want to know, as I do, wheth- 
er Galileo proceeded in accordance with 
the rules that are today regarded as con- 
stituting proper scientific method or, as I 
shall express myself, whether he pro- 
ceeded Scientifically (with a capital s ) ,  
then we have to compare Galileo's draw- 
ings and statements with the evidence 
and the standards of accuracy of his time 
and not. of our time. For example, we 
must ask: Given the accepted means and 
standards of observation, were his ob- 
servations "facts" (that is, were they re- 
peatable and were they theoretically well 
founded)? To find an answer we must 
compare Galileo's observations with 
other observations, made by astrono- 
mers of his own time, as well as with the 
theories held concerning the reliability of 
vision, especially of telescopic vision. If 
it turns out that the phenomena reported 
by him were not confirmed by anyone 
else and that there were no reasons for 
trusting the telescope as an instrument of 
research, but that many reasons, both 
theoretical and observational, spoke 
against it, then it was as unscientific for 
him to push these phenomena as it would 
be unscientific today to push experimen- 
tal results that lack independent corrobo- 
ration and are obtained by as yet untried 
methods-no matter how closely his ob- 
servations approach our own. For to be 
Scientific means to behave properly with 
respect to existing knowledge and evi- 
dence and not with respect to the knowl- 
edge and the observations of an un- 
known future. 

4) In order to find out what Galileo's 
contemporaries might have said about 
his observations of the moon, I used the 
woodcuts. Note that I did not try to ar- 
gue that Galileo was a lousy Scientist be- 
cause the woodcuts differ from modern 
pictures of the moon; such an argument 
would have conflicted with the consid- 
erations made in point 3 above which 
guided my research. My assumption 
was, rather, that the moon as seen by the 
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naked eye looks very different from the 
woodcuts, that it might have looked 
equally different to Galileo's contempo- 
raries, and that some of them might have 
criticized the Sidereus Nuncius on the 
basis of their own naked-eye observa- 
tions. This assumption is still valid, for 
the woodcuts accompanied most edi- 
tions of that book. Does it apply to the 
engravings as well? It does, as is shown 
by Kepler's criticism as reported in (2). 
In addition there were many reasons 
why the telescope was not uniformly re- 
garded as a reliable producer of facts 
[these reasons, both empirical and theo- 
retical, are assembled in my book 
Against Method (5)]. Whitaker's asser- 
tion that Galileo's drawings of the moon 
are of a high quality when compared with 
modern pictures is irrelevant to this dis- 
cussion. 

5 )  The case of Galileo's lunar observa- 
tions is only a small portion of my argu- 
ment to the effect that Galileo did not 
proceed in a Scientific manner and could 
not have made his discoveries had he 
proceeded Scientifically. He progressed 
by violating what some scientists and nu- 
merous philosophers regard as very im- 
portant rules of Scientific method. As 
historical research proceeds and changes 
our views of the past, the evidence I use 
in my argument is of course going to 
change as well. I am perfectly willing to 
concede that this may make Galileo 
more Scientific in some areas; but more 
recent discoveries (starting with Lane 
Cooper's unraveling of the myth of the 
Leaning Tower experiments) have 
shown that the number of areas where he 
becomes less Scientific is on the in- 
crease. This does not turn Galileo into a 
bad scientist, for the practice of science 
is and always has been very different 
from what both scientists and philoso- 
phers of science have said about it. It on- 
ly shows that being Scientific does not 
mean being a good scientist. 

PAUL K. FEYERABEND 
University of California, Berkeley 74720, 
and Eidgenossische Technische 
Hochschule, Zurich, Switzerland 
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The Threshold of Pain: Coping with Frugality 
Early signals from Budget Director Stockman's stronghold are sending 

anticipatory shivers through the scientific community. News stories trum- 
pet forthcoming cutbacks, rollbacks, and redirections of budgets for scien- 
tific and engineering research. How, when, and to what ends are the 
concerned societies to react? 

Evidence accumulates that research budgets are expected to contribute to 
the inflation blood bank. Whether they will hemorrhage is a different matter. 
For the scientific community to react on warning would be precipitous and 
unthinking. 

Some perspectives are in order. The national economy, in which science 
and technology play no trivial part, is struggling. The President has been in 
office less than a month. He has no science adviser at this critical juncture, 
which is itself a cause for deep concern, and the key scientific posts in the 
government are being kept on hold. To go after science budgets in the 
absence of these advisers may not be the best way to conduct decision- 
making, but public expectations for fiscal restraint are running high while 
the economic indicators are running down. Inflation has been no friend of 
science. There is ample justification for taking a firm and fast grip on the 
problem. 

Whether research budgets will be treated too roughly, relative to every- 
thing else, remains to be seen. Science hardly can be considered untouch- 
able relative to resource protection, transportation, income supports, 
foreign assistance, or other legitimate claims on the budget. What lies at the 
heart of the whole matter is the question of equity. That question cannot be 
answered until the full array of budget decisions sees the light of day. If 
science is clearly wronged, remedies can be sought from Congress. Just as 
there is a time for protest, there is a time for cool consideration of science's 
interests in the larger framework of the national interest. There is time. 
Fiscal year 1982 will not even begin for 7 months. 

At best, the prospect for the President's tough economic program is not 
one of sweet national unity. If expansionary budgets are in bad favor, 
recessive budgets invariably are unpopular. Vested claims on benefits and 
subsidies besiege the whole budget, and despite a facade of consensus on 
the need for strong fiscal medicine, economies are resisted bitterly and 
usually beaten off. Such roughhouse politics do not rest well with science. 
Even less can be said for the spectacle of this community producing its own 
"hit list" of rival programs as candidates for execution in order to spare 
research. Things must not come to that. 

The scientific societies face a trying test of their objectivity and political 
maturity. It is to be hoped that they will focus attention on the equities of 
the new budget policy and avoid pleading for immunity. What can be 
debated are the relative share of grief to be inflicted on science and 
engineering and where surgery is to be taken. The incidence of the cuts can 
and ought to be argued on the merits, and surely will be. For its part, the 
government should recognize the differences between investment in science 
and investment in capital assets like transportation. Science is a long-term 
creative process, and a multiyear retrenchment would damage seriously the 
nation's science and technology base. Investment for R & D has its place in 
supply-side economics. Capping their growth for the duration of the war on 
inflation would be shortsighted. 

The new Administration has set itself a thankless and difficult task. It is 
entitled to a hearing. It will not have the last word. The system of checks 
and balances will see to that. As for the scientific community, how it 
approaches the budget crisis, by reflex or with reason, will tell us much 
about its ability to cope with stress.-WILLIAM D. CAREY 
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Essential Hypertension: Central and Peripheral Norepinephrine 

Abstract. The concentration ofnorepinephrine in cerebrospinalfluid from patients 
with essential hypertension is higher than that from healthy normal volunteers, but 
the concentrations of  norepinephrine in plasma from these groups are similar. This 
finding indicates that central nervous system noradrenergic hyperactivity occurs in 
essential hypertension but apparently is not rej7ecte.d in abnormal function of  the 
peripheral sympathetic nervous system in these patients. 

Evidence for a role of noradrenergic 
neurotransmission in blood pressure reg- 
ulation is convincing (I). 6-Hydroxy- 
dopamine injected intracisternally selec- 
tively destroys brain catecholamine neu- 
rons, especially noradrenergic nerves, 
and prevents the expected onset of hy- 
pertension in several animal models (2). 
In hypertensive patients pharmacolog- 
ical data implicate noradrenergic hyper: 
activity (I). Antagonists of norepineph- 
rine (NE) such as reserpine lower blood 
pressure, and agonists such as ampheta- 
mine increase pressure. 

Peripheral sympathetic nervous sys- 
tem (SNS) function can be evaluated by 
measuring the amount of NE in plasma; 
NE is the primary neurotransmitter of 
the peripheral SNS (3). The literature is 
extensive yet remains controversial re- 
garding increased NE concentrations in 
plasma of patients with essential hyper- 
tension (4). 

Interest has increased. in central ner- 
vous system noradrenergic regulation of 
blood pressure (I, 2). Areas of the brain- 
stem thought to be directly involved in 
regulation of blood pressure are densely 
innervated with neurons containing NE 
(5). Cardiovascular regulatory centers 
are anatomically adjacent to cerebrospi- 
nal fluid (CSF) ( 3 ,  and the concentra- 
tions of NE in CSF should reflect norad- 
renergic neurotransmission in these 
areas of the brain (6, 7). Since NE does 
not cross the blood-brain barrier, NE in 
plasma is not expected to contribute to 
measurements of NE in the CSF (8). 

3 - Methoxy - 4 - hydroxyphenylglycol 
(MHPG), the primary catabolite of NE in 
the brain (9), is increased in CSF of hy- 
pertensive patients, and the concentra- 
tions of MHPG correlate positively with 
severity of the hypertension (10). Eide et 
al. (11) found higher concentrations of 
NE in the CSF of hypertensive neurolog- 

ical patients than in normotensive neuro- 
logical patients. We previously mea- 
sured NE in the CSF of 126 neurological 
patients who underwent a diagnostic 
lumbar puncture. In these patients NE 
concentrations correlated positively with 
blood pressure ( r  = .41, P < .0001) (12), 
but this correlation is partly attributable 
to patients with neurological diseases 
such as amyotrophic lateral sclerosis 
(ALS). Patients with ALS have high 
blood pressures and increased levels of 
NE in CSF, with the highest concentra- 
tions in the most severe ALS cases (13). 
We believed these results demonstrated 
enough evidence of a relationship be- 
tween NE concentrations in CSF and 
blood pressure to warrant performing a 
lumbar puncture in patients who did not 
have a neurological disease but had es- 
sential hypertension and in healthy nor- 
motensive volunteers. 

We measured NE in CSF and plasma 
from 11 patients with essential hyper- 
tension (three female) with a mean age 
( 2  standard error) of 48 5 4 years and in 
nine healthy normotensive volunteers 
(four female) aged 44 +. 3 years; all sub- 
jects were Caucasian. Each patient and 
volunteer gave written informed consent 
to a protocol approved by the Human 
Research Review Committee of the Na- 
tional Institutes of Health (NIH). These 
subjects were admitted solely for the 
present study and none had a neurologi- 
cal disorder. All secondary forms of hy- 
pertension were excluded by history, 
physical examination, measurements of 
urinary and plasma aldosterone, serum 
chemistries, and performance of rapid- 
sequence intravenous urography. Renal 
arteriography and renal vein renin sam- 
pling revealed no abnormalities in se- 
lected patients. Blood pressures mea- 
sured by auscultation or Arteriosounde 
(Roche) of the hypertensive patients 

were consistently above 140190 mm-Hg 
(mean, 155 t 5/95 5 4) as determined 
three to four times daily by the patients 
at home or as outpatients by one of us 
(H.G.G.) at NIH. Each normal volunteer 
had blood pressure consistently below 
130185 mm-Hg (mean, 116 5 3/73 5 3) 
and had no significant medical or psychi- 
atric illness as determined by negative 
history, physical exam, laboratory 
chemistries, and chest x-ray. No subject 
took medication for at least 2 weeks be- 
fore admission to a metabolic ward at 
NIH for evaluation of their peripheral 
SNS function (3) and a lumbar spinal tap 
(6, 7). We controlled for both the circa- 
dian rhythm and the rostrally increasing 
gradient of NE in human lumbar CSF (6, 
7). Subjects were given the s a m e  low 
monoamine diets for 7 days before they 
underwent a lumbar spinal puncture. 
The puncture was performed by the 
same neurologist (R.J.P.) under identical 
conditions as to time of day (8 a.m.), 
posture (sitting), and restrictions of all 
food and absolute bed rest for 8 hours be- 
fore the puncture. Of the CSF from the 
lumbar tap needle, the portion between 
16 and 20 ml was collected into a tube 
containing 10 mg of ascorbic acid, frozen 
immediately on dry ice, and stored at 
-70°C. The immediate use of ascorbic 
acid and dry ice differs from the proce- 
dure previously used to preserve and 
freeze CSF samples from schizophrenic 
and healthy control subjects (7). Details 
of the effects of technical differences in 
preserving and freezing CSF (on the con- 
tent of NE in the CSF) are discussed 
elsewhere (14). 

On another day during the same hospi- 
talization period, to evaluate peripheral 
SNS function, 18 subjects had blood 
withdrawn from an indwelling heparin- 
lock while they were in the supine posi- 
tion at least 20 minutes after venipunc- 
ture, again after standing for 5 minutes, 
and finally after an additional 5 minutes 
of standing while performing an isomet- 
ric exercise with a hand dynamometer 
(3). When all subjects had been studied 
(within 8 weeks), NE was measured in 
each sample on the same day in one ra- 
dioenzymatic assay (3, 6, 7). NE does 
not deteriorate in plasma or CSF stored 
at -70°C for 6 months (3, 6, 7). 

Concentrations of NE in CSF of pa- 
tients with essential hypertension were 
significantly higher ( P  < .02) than in the 
normotensive volunteers (Fig. 1). Since 
these measurements were made from a 
portion of CSF from a lumbar spinal tap, 
the present difference between groups 
may reflect a larger difference in ven- 
tricular fluid and in actual NE release. 
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Table 1.  Pearson correlation coefficients. 

NE in CSF 
Mean blood 

NE N pressure* Age 

CSF 20 .45 < .05 .52 < .02 
Plasmat 18 .73 < .001 N.S. .64 < .005 

*Mean blood pressure = (systolic - diastolic)l3 + diastolic. tThe norepinephrine (NE) in plasma was 
measured while subjects were in a supine position. 

We were unable to demonstrate dif- 
ferences between hypertensive and nor- 
motensive groups in concentrations of 
NE in plasma under conditions of supine 
rest or orthostatic or isometric exercise 
stresses (Fig. 1). As expected and pre- 
viously noted (3), standing and per- 
forming an isometric handgrip (Fig. 1) 
significantly elevate plasma concentra- 
tions of NE similarly in both groups (su- 
pine to standing, P < .01; standing to 
hand squeeze, P < .025; paired r-test). 
Nor could we detect any differences in 
NE levels in subgroups of the hyperten- 
sive patients when they were divided ac- 
cording to high, normal, or low renin 
subgroups (15) or according to whether 
their blood pressure was sensitive to 
salt-loading [infusion of 2 liters of 0.9 
percent saline during a Chour period 
(16)J. Our values for plasma NE are simi- 
lar to those reported previously for dif- 
ferent groups of hospitalized hyperten- 
sive and normotensive subjects (17) in 
which no differences were found be- 
tween groups. 

Data from all subjects were examined 
for relationships between variables. A 

(a) (11) 

CSF 

multiple regression analysis yielded an 
RZ of .60 (P  = .004) when the amount of 
NE in CSF was the dependent variable, 
and the independent variables were age, 
mean blood pressure, and the amount of 
NE in plasma while subjects were in a 
supine position. The independent vari- 
ables jointly can predict NE concentra- 
tions in CSF. The linear relationships be- 
tween pairs of these variables were ex- 
amined by using the Pearson correlation 
(Table 1). Concentrations of NE in both 
plasma and CSF correlate positively 
with age and with one another (3,8,12). 
Only NE in CSF correlates significantly 
with blood pressure. To examine more 
closely the contribution of blood pres- 
sure alone to the variability in the 
amount of NE in CSF, the partial corre- 
lation statistic was used. Accounting for 
the effects of age (keeping age fixed), the 
partial correlation coefficient between 
NE in CSF and blood pressure was not 
significant (r = .36, P = .16). In view of 
our report of a significant positive rela- 
tion between NE in CSF and blood pres- 
sure (12), the present result may be due 
to the smaller number of subjects. 

Fig. 1. Norepinephrine (NE) in 
cerebrospinal fluid (CSF) and 
in plasma of normotensive'and 
hypertensive subjects. Plasma 
norepinephrine was measured 
while subjects were in a supine 
position (base), after standing 
for 5 minutes (standing), and 
after performing an isomet- 
ric handgrip (squeeze) while 
standing for 5 minutes. Num- 
bers in parentheses indicate 
number of subjects tested. 
Two subjects did not have 
blood drawn for plasma nor- 
epinephrine assay, and an ad- 
ditional four subjects did not 
perform the isometric squeeze 
exercise. Statistical com- 
parison is by Student's two- 
tailed t-test; asterisk indicates 
P < .02. 

(8) (10) (8) (10) (6) (8) 
Base Standing Squeeze 
\ 

Plasma 

The concentrations of NE in CSF of 
patients with essential hypertension re- 
ported here correlate positively but not 
significantly with age (r = .43, P > .I; 
N = l l) ,  in contrast to the data of Eide 
et al. (11) which show a significant neg- 
ative correlation (r = -.83, P < .01; 
N = 7). This relationship warrants fur- 
ther research since relatively few sub- 
jects were studied and an inverse corre- 
lation with age might indicate noradre- 
nergic hyperactivity relatively early in 
the course of essential hypertension. 

The partial correlation coefficient be- 
tween NE in CSF and NE in plasma 
from subjects in a supine position (if one 
eliminates the effects of blood pressure 
and age) is significant for all subjects 
(r = .64, P = .008). This finding is diffi- 
cult to explain in view of: (i) an apparent- 
ly effective blood-brain barrier to NE (8), 
(ii) the increase of NE in CSF of the hy- 
pertensive group, but (iii) the lack of dif- 
ferences in plasma NE between groups. 
Concentrations of NE in CSF may be a 
more sensitive index of sympathetic ac- 
tivity because peripheral compensatory 
mechanisms may obscure modest chang- 
es in plasma NE levels. Accentuated re- 
lease and clearance rates of NE periph- 
erally may result in normal plasma NE 
concentrations (18). Despite the appar- 
ent normal responsivity of the hyperten- 
sive patients to standing and exercise, it 
is conceivable that an abnormally accel- 
erated release response is masked by 
proportionally hyperactive clearance 
mechanisms (18). 

Three current studies, including this 
report, examine the concentrations of 
NE in CSF in relation to blood pressure, 
and all show significant increases of NE 
in hypertensive patients (11, 12). Some 
neurological diseases alter both NE in 
CSF and blood pressure (13, 19); since 
some neurological patients were includ- 
ed in previous hypertensive and control 
groups, we did not know if this associa- 
tion of blood pressure with NE in CSF 
was a phenomenon influenced by neuro- 
logical disease. The present data demon- 
strate that NE in CSF is higher in essen- 
tial hypertensive subjects compared to 
healthy normotensive volunteers, but 
this might be a secondary phenomenon. 
Increased catecholamine release in ante- 
rior hypothalamus in response to sys- 
temic blood pressure elevation in cats 
(20) implies a secondary event. Abnor- 
mal penventricular epinephrine neuro- 
transmission could explain the present 
findings; however, MHPG, the major 
metabolite of NE in brain, is also in- 
creased in the CSF of hypertensive pa- 
tients (lo), and the increase of both NE 
and MHPG suggests an acceleration in 

SCIENCE, VOL. 211 



the turnover of central NE in essential 
hypertension. The hypotensive effects of 
clonidine, a centrally acting a-adrenergic 
agonist, are associated with decreases in 
the concentrations of MHPG in CSF of 
hypertensive patients (10, 21). Data from 
our laboratory indicate that, in humans, 
clonidine lowers both NE in CSF and 
blood pressure. These data are compat- 
ible with increases in the central release 
and turnover of NE in some patients 
with essential hypertension, suggesting 
that the decrements in blood pressure 
are associated with the lowering of cen- 
tral NE turnover induced with clonidine 
treatment. If a common abnormality ex- 
ists for noradrenergic neurotransmission 
in essential hypertension, it is evident in 
the central nervous system. However, it 
was not reflected in abnormal peripheral 
SNS function in the hypertensive pa- 
tients tested with the methodology de- 
scribed here. 
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Prenatal Exposure to Ethanol Alters the Organization of 

Hippocampal Mossy Fibers in Rats 

Abstract. Rats exposed to ethanol throughout their gestation were found to have 
abnormally distributed mossy fibers in temporal regions of the hippocampus. This 
demonstrates that prenatal exposure to ethanol causes alterations in neuronal cir- 
cuitry that persist to maturity. Such defects may play a role in the mental retardation 
often observed in children with fetal alcohol syndrome. 

The potential teratogenic effects of 
ethanol have been suspected for cen- 
turies (I), but only recently has a charac- 
teristic group of anomalies been classi- 
fied as the fetal alcohol syndrome (FAS) 
phenotype (2). Central nervous system 
dysfunction is particularly devastating in 
FAS. Although mental retardation and 
developmental delay are among the most 
consistent features, the cellular basis for 
such dysfunction is unknown. 

The hippocampus is a brain region that 
is ideally suited for studying the effects 

of prenatal exposure to ethanol. It is 
unique in the precision of the laminar or- 
ganization of its neurons. Since hippo- 
campal aferents terminate on distinct 
segments of the dendrites of pyramidal 
and granule cells (3-9, subtle structural 
changes can be detected. Previous work 
showed that ethanol adversely affects 
the hippocampus in fetal and adult rats 
(6, 7) and humans (8). The present study 
shows that the exposure of rat fetuses to 
ethanol during a period equivalent to the 
first and second trimesters in humans re- 
sults in abnormal neuronal circuitry in 
the central nervous system. 

Nulliparous female Sprague-Dawley 
rats were mated with proven studs and 
isolated after vaginal smears showed 
them positive for sperm. One group was 
given free access to a liquid diet (Bio- 

Fig. 1. (A) Schematic drawing of a hippocam- 
pal section through the horizontal plane. Ab- 
breviations; G, stratum granulosum; HF, h i p  
pocampal fissure; LAC-MOL, stratum lacuno- 
sum-moleculare; LUC,  stratum lucidum; OR,  
stratum oriens; PYR, stratum pyramidale; 
and RAD, stratum radiatum. Arrowheads mark 
the boundary between regio inferior and regio 
superior. The dotted square denotes the re- 
gion shown in Fig. 2. (B) Drawing of the later- 
al aspect of the hippocampus. The shaded 
area indicates the midtemporal section of the 
hippocampus studied in this report. The 
dashed line with arrows indicates the septo- 
temporal axis. 
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Fig. 2. Horizontal s e o  
tions from equivalent 
septotemporal (mid- 
temporal) levels of 
adult rat hippocampi 
stained with a modi- 
fication of Timm's sul- 
fide silver histochemi- 
cal method. (A) Sec- 
tion from a control rat 
showing nonnal stain- 
ing of mossy fibers. Note the lack of intrapyramidal mossy fibers. (B) Section from a rat ex- 
posed to ethanol in utero. The staining of the mossy fibers is conspicuously different: dense 
stain is present in the infrapyramidal region of regio inferior (arrows)-roughly equivalent to 
subfield CA3a-and the stratum lucidum is stained unevenly (x62). 

Serv PR-11) containing 35 percent eth- 
anol-derived calories. The liquid, deliv- 
ered in calibrated feeding tubes, was giv- 
en to the rats from days 1 to 21 of preg- 
nancy, after which they were placed on a 
normal diet until term. Mean daily calo- 
ric intake was 66.37 + 2.61 kcal, and 
mean daily ethanol consumption was 
12.15 + 1.15 g/kg (9). A second group 
was pair-fed an equal volume of the same 
diet, except that ethanol was replaced by 
isocaloric amounts of a solution contain- 
ing maltose and dextrin (Bio-Serv). This 
controlled for possible neuronal altera- 
tions due to reduced caloric intake by the 
ethanol-fed mothers (10). At birth, litters 
from both groups were closely examined 
for external malformations, culled to 
eight pups, and cross-fostered to moth- 
ers on a normal diet (11). They were 
weaned at 22 days. 

Each group of pups (experimental and 
control) was derived from four litters. 
After reaching 60 days of age, six ani- 
mals randomly selected from each group 
and six normal rats were deeply anesthe- 
tized with sodium pentobarbital. Their 
brains were excised and processed ac- 
cording to a modification (12) of the 
Tirnm's sulfide silver procedure. Mossy 
fiber topography was examined in hori- 
zontal sections (Fig. 1A) at a mid- 
temporal level along the septotemporal 
axis (Fig. lB), where distal infra- 
pyramidal mossy fibers are not nor- 
mally found. In normal rats the densely 
stained, dark brown mossy fiber terminal 
field occupies much of the hilus of the 
dentate gyms and then forms a hook- 
shaped suprapyramidal bundle that 
courses through the stratum lucidum 
(Fig. 2A) of regio inferior to approach 
the border of regio superior (12-17). An 
infrapyramidal bundle also exists and is 
confined primarily to an area near the 
hilus corresponding to hippocampal sub- 
field CA3c of Lorente de N6 (4). A distal 
infrapyramidal terminal field of mossy fi- 
bers has been observed in an area corre- 
sponding roughly to subfield CA3a, but 
is limited to the rostral third of the hippo- 
campus (16, 17). 

Prenatal exposure to ethanol results in 
a dramatic change in mossy fiber topog- 
raphy. In all six ethanol-exposed rats we 
found a conspicuous band of distal in- 
frapyramidal mossy fibers in hippocam- 
pal subfield CA3a at middle and more 
temporal levels of the hippocampus (Fig. 
2). These aberrant fibers appeared to be 
a continuation of the rostral (normal) dis- 
tal infrapyramidal band. In addition, there 
were often small, dark granules scattered 
through an infrapyramidal area corre- 
sponding to hippocampal subfield CA3b. 
The suprapyramidal mossy fiber band in 
the stratum lucidum sometimes appeared 
uneven. None of the pair-fed control ani- 
mals had hypertrophied mossy fibers or 
other obvious alterations in mossy fiber 
topography. 

The granule cells of the dentate gyrus 
are the major recipients of massive pro- 
jections from the entorhinal cortex. They 
project to the hippocampal pyramidal 
cells, forming a major excitatory intra- 
hippocampal pathway (18). There is evi- 
dence that the granule cells are involved 
in a behavior-dependent gating process 
that regulates the pattern of information 
processing to hippocampal field CA3 
(19). The organization of the mossy fi- 
bers may play a physiologically signifi- 
cant role in the transfer of information 
from the entorhinal cortex to the hippo- 
campus. 

Alterations in mossy fiber topography 
in rats exposed to ethanol in utero are re- 
markably similar to those observed in 
rats treated with L-thyroxine (14) during 
early postnatal development and after 
being given hippocampal lesions shortly 
after birth (15). These postnatal treat- 
ments were performed after the forma- 
tion of pyramidal cells but during the 
rapid development of dentate gyms gran- 
ule cells (20). In the present study, the 
ethanol exposure period included that in- 
terval during which virtually all of the 
pyramidal cells (the target cells for the 
granule cell mossy fiber axons) are 
formed but before a signficant number of 
granule cells appear (20). We do not 
know whether the effects reported here 

are a direct result of the ethanol treat- 
ment or represent a secondary effect oc- 
curring after an ethanol-induced change 
in endocrine development. Variations in 
the pattern of development of hippocam- 
pal pyramidal cells in different strains of 
mice also result in different patterns of 
mossy fiber organization (21). Thus, 
mossy fiber formation seems to be read- 
ily altered under a variety of conditions, 
although little is known about the mecha- 
nisms involved or the consequences of 
such alterations. 

Previous studies have demonstrated 
that mossy fiber reorganization (such as 
that occurring after an entorhinal lesion) 
results in functional changes in remain- 
ing hippocampal afferents (22). Since the 
mossy fibers represent the only known 
major output from the granule cells, the 
alterations described here may disrupt 
hippocampal function. Prenatal expo- 
sure to ethanol at a dose slightly high- 
er than that used in this study can also 
prevent the formation of a normal com- 
plement of hippocampal pyramidal cells 
(6). Thus alterations in neuronal con- 
nections, such as those between granule 
cells and pyramidal cells in the hippo- 
campus, may have a profound effect on 
an area of the brain which, in humans, is 
thought to play a role in memory (23). 
These distortions in neuronal archi- 
tecture may be responsible for some of 
the serious mental impairments, al- 
though one can only speculate about the 
specific causes of the ,mental retardation 
seen in FAS. 

The human brain undergoes less post- 
natal development than the rat brain; in- 
deed, the entire gestation period of the 
rat is only equivalent to the first and sec- 
ond trimesters in humans (24). It should 
also be noted that, except for one case 
(1 I),  the aberrant mossy fiber con- 
nections were found in animals lacking 
obvious external malformations. While 
the toxicity of ethanol to the central ner- 
vous system may vary in different spe- 
cies (25), neurological screening of prog- 
eny born to mothers who consumed al- 
cohol during pregnancy may be desirable 
even in the absence of other major FAS 
features. Additional research is needed 
to determine the minimal dose of eth- 
anol required to produce aberrant neu- 
ronal connections and to ascertain wheth- 
er there are critical periods during which 
ethanol is particularly dangerous to the 
fetal brain (26). 
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