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Neuropept ides  and the Blood-Brain Barrier in 
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OI,SON, R. D., A. I. KASTIN, D. MONTAI,t]ANO-SMITH, G. A. OLSON, D. H. COY AND G. F. MICHELL. 
:\:curopeptide.~ aml the blood-brain harrier in ,col~H~h. PHARMAC.  BIOCHEM.  BEHAV. 9~4) 521-524, 1978.--The 
general activity level of a goldfish is easily monitored by placing it in water to a depth of 2.5 cm in an aquarium on top of an 
activity meter. With this system, goldfish were administered u 5 /.tl 180 p.g/kg) intracranial IIC) or intraperitoneal (IP) 
injection of one of 21 compounds and tested for general uctivity. The results indicated that activity decreased significantly 
over time and that the peptides differentially decreased uctivity, with the greatest alterations in activity produced by two 
new enkephalin analogs: D-Ala'-', F-.Phe'-enkephalin-NH_. and N~rNt-bis(D-Alu:-enkephalin)-I,ys-NH~. Overall. decreased 
activity began approximately 3 min after an IC injection and 6 rain after an IP injection. The longer latency after IP injections 
may indicate the time required for the substance, either in its original or fragmented form, to reach and cross the 
blood-brain barrier and makes a primary peripheral effect unlikely. Most of the peptides or possibly their metabolites 
appeared to enter the brain since no significant difference in activity existed after IC and IP injections, with both producing 
reliable decreases from the control. In summary, peptides can exert behavioral effects after both IC and IP administration 
in goldfish. 

MIF-I ~-MSH Substance P Nenrolensin Somatostatin DSIP Enkephalin Endorphin 
Blood-brain harrier Aclivily Goldfish 

. . . . . . . . . . . . . . .  

A I S I H O U G H  central  injections of  many neuropept ides  pro- 
duce signific~mt behavioral  effects  13, 12. 15, 231, it has not 
been firmly established at this t ime whether  the opiate and 
some other  peptides are able to cross the blood-brain barrier 
and produce comparab le  effects  after peripheral injection. 
Kastin ct a/. 1181 found that IP administrat ion of  Met- 
cnkephalin and D-Ala:-Met-enkephalin-NE_, produced faster  
running and fewer errors in a maze than did the diluent con- 
trol. Plotnikoff ct u/. 1291 administered IP injections of  
enkephalin to mice and observed  increased activi ty,  Tseng et 
, / .  1301 reported increased analgesia after  IV injections of  
/3-cndorphin, Olson et a/. 1251 found greater  immobil izat ion 
in goldfish after lP injections of  D-AhF-/3-cndorphin but not 
D-Ala:-Met-enkaphal in .  and Veith ct , / .  1311 reported that IP 
injections of  [-J-cndorphin induced grooming in rats. How- 
ever ,  even though ev idence  exists that labeled enkephalin 
may cross the blood-brain barrier  1161. recent findings with a 
more direct method suggest that the percent  may be smaller  
and more dependent  upon concentra t ion  than previously 
realized (Wade,  Kastin and Coy,  unpublished observat ions) .  
The evidence  for o ther  peptides exert ing effects  on the brain 
after peripheral injection has been recently reviewed 
e lsewhere  1151. 

Accordingly,  the purpose of  the present study was to 
compare  the effects  of  intraperitoneal l iP) and intracranial 

(IC) injections of  several neuropept ides  on spontaneous  ac- 
tivity in goldfish, and to evaluate  behavioral ly the ability of  a 
substance to permeate  the blood-brain barrier,  i .e..  to enter  
the brain after being injected peripherally.  Goldfish were 
used because o f  the ease  with which intracranial (IC) and 
intraperitoneal (IP) injections can be made with the former  
made into the space over  the optic rectum [I,2], because 
opiate binding sites in the brain have been demonstrated 
1261, and because the presence  of  /3-1ipotropin fragments 
have been reported in fish [27]. Fur thermore ,  the blood-brain 
barrier of  the goldfish is simihtr to that found in all higher 
ver tebrates  that have been studied, both with regard to site 
141 and action 1221 

METH()I)  

Animal,~ 

Naive goldfish ¢('ara,s.~iu.s tltlrtlllls) were obtained from 
Ozard Fisheries, Stoutland, Missouri, and randomly as- 
signed to treatment conditions. The average weight of the 
21(I fish was 30 g. 

I )rll.k',~ 

The peptides were synthesized by solid phase methods 
17.81 and dissolved in a vehicle consist ing of  0.9'74 saline 
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FIG. I. Mean activity scores for 30 rain as a fnnction ortest substance. 
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acidified with acetic acid to 0.01 M, with a pH of 4. I ,  which 
also served as the control. A soluble melanin purified from 
the ink sac of the cuttle-fish (Sepia o./.l~cinali.~) was pur- 
chased from ICN K and K Rare and Fine Chemical Com- 
pany, Cleveland, Ohio. Test substances included: diluent, 
melanin, melanocyte-stimulating hormone (¢t-MSH), 
melanocyte-stimulating hormone inhibiting factor (MIF-I), 
substance P, neurotensin, somatostatin, delta sleep-inducing 
peptide (DSIP), D-Ala:~-DSIP, D-Ala~-DSIP, Met-enkeph- 
alin, D-Ala~-Met-enkephalin, D-Ala-', F;Phe'-enkephalin- 
NH: Ntt-Nt-bis(D-Ala:-enkephalin)-l,ys-NH_,, t~-endorphin, 
y-endorphin. /3-endorphin. D-Leu '~, D-Lys-'"-/3-endorphin, 
D-'l'hr';, I)-Leu'; ,  D-l,ys~"-/-J-endorphin, D-Ala-'-13-endorphin, 
and I,eu:'-/3-endorphin. 

Appara llt.~ 

A standard 10-gal. glass aquarium, containing water 2.5 
cm deep, was placed on top ofa  Stoelting Electronic Activity 
Monitor (No. 3140~). Appropriate programming modules 
were used to automatically time and record test sessions. 

Procedure 

Each fish was randomly assigned to one of the 21 treat- 
ment groups and received a 5/zl (80/xg/kgJ injection of the 
appropriate substance [P or IC: 5 fish were assigned to e~ch 
condition. 3"he fish was immediately placed in the apparatus 
for 30 rain with activity scores recorded at the end of each 
minute. The water was changed after each fish was tested. 

R E S U I . I ' ~  

The activity scores collected each minute were summed 
for each fish and the mean activity scores for each of the 21 
groups are shown in Fig. I. A mixed analysis of variance 
performed on the 21 peptide groups, 2 injection sites, and 30 
one-rain trials yielded a significant peptide effect, 
F(20,168)-2.046, p 0.01. Dunnett 's test for comparing 
treatments to a control was used to further analyze the main 
effect and a significant increase in activity relative to the 
control was obtained with MIF-I. No reliable differences in 
activity relative to the control were obtained with substance. 
P, DSIP, melanin, Met-enkephalin, and D-Ala-'-Met- 
enkephalin. Significant decreases, p.-.O.Ol, in activity rela- 
tive to the control were obtained with the remaining pep- 
tides, which are listed by increasing significance: D- 
Ah(~-I)S[P. /3-endorphin, D-I~eu '~. D-I.ys~"-/3-endorpbin, 
y-endorphin, l~eu"-/3-endorphin, D-Ala-'-/3-endorphin, I)- 
I'hr", D-Leu ':, I.)-Lys-'"-/3-endorphin, ~-MSH, neurotensin. 
~-endorphin, somatostatin, D-Ala'-DSIP. I)-Ala-', F~.Phe '- 
enkephalin-N H~ and N~N~-bis( D-Ala~-enkephalin)- I .ys - 
NH.. 

A relmble trials effect, F(29.4872) . 67.583, p. 0.001, oc- 
curred, indicating the decrease in activity over trials. A reli- 
able peptide by trials interaction was also obtained, 
t:(580,4872)= 1.249, p- .0.0~X)5, suggesting difl'erential effects 
of the peplides on activity across trials. A Winer test for 
simple effects revealed that differential effects for peptide', 
existed only during the initial 6 rain of testing. 
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No o ther  results were significant. That no significant 
difference existed be tween injection sites is indicative of  the 
fact that peptides injected at e i ther  site had comparable  in- 
f luences on activity.  

DISCUSSION 

The results of  the current  study support previous findings 
showing that peripheral injections of  pept ides  can have sig- 
nificant effect on behavior  114, 15. 17, 18, 22, 25, 29 .30,  311 
and further indicate that any differences in the behavioral  ef- 
fects associated with IC and IP injections must be considered 
a function of  the parameters  being examined.  Although the 
effects  associated with IC injections were more pronounced 
than the effects  after IP in.iections, the difference was not 
significant. Thus,  the present data differ somewhat  from 
previous studies,  including those using goldfish, which 
demonst ra ted  that IC injections of  pept ides  produce effects 
reliably greater  than pcptides injected IP le.g. ,  1251), and 
suggest a greater  potential for the clinical use of  peptides 
than previously anticipated.  In general,  substances  adminis- 
tered IC resulted in effects  approximate ly  3 min after injec- 
tion while substances a~ministered IP required approx- 
imately 6 rain to produce their effect.  This difference in time 
may well represent  the t ime it takes for a peptide or its 
mctabol i te  to reach and cross the blood-brain barrier and 
produce an effect.  It also tends to obvia te  the potential 
argument that the primary effects of  these peptides are 
exer ted in the periphery,  for the effects  on act ivi ty would 
have been s lower  rather than faster  after IC injections. 

A differential ef fect iveness  be tween test substances was 
obtained,  as expected .  Howeve r ,  the differential effects oc- 
curred only during the first 6 rain of  testing, indicating that 
the action of  the peptide was very brief. The effect during 
this period was highly significant, however ,  and indicates the 
potency of  the tes! substances on behavior .  

Although only MIF-I produced a reliable increase in ac- 

tivity relative to the control ,  and this was primarily due to 
effects  associated with IP injections,  the finding was consis- 
tent with studies done with mice 1281, monkeys  191, and hu- 
mans I10,1 II. The effects on activity produced by neuroten- 
sin, somatostat in,  and ¢~-MSH are compat ible  with known 
physiological and behavior  results previously reported for 
these peptides 15, 6, 13, 17]. Although administrat ion of  
DSIP did not significantly decrease  act ivi ty,  D-Ala:~-DSIP 
and D-Ala ' -DSIP  produced highly significant decreases  after 
both IC and IP injections.  The decreased act ivi ty as well as 
the apparent ability of  the DSIP analogs to enter  the brain is 
consistent  with the recent findings obtained in rabbits by 
Monnier  e t a / .  119, 20, 211. 

The greatest  decreases  in activity were produced by the 
various forms and analogs o fenkepha l in  and endorphin.  The 
opioid peptides have consistently been reported to decrease  
and/or  immobil ize motor  activity in a variety of  species in- 
cluding fish 1251, rats 13,121, and monkeys  1241. Equally con- 
sistent has been the finding that /3-endorphin or  one of  its 
analogs has the most pronounced effects of  the various 
opioid pcptides Ic.g.,  13, 12, 23, 251). However ,  data ob- 
tained in this study suggest that the flourindated enkephalin 
analog (D-Ala: ,  F-.Phe'-enkephalin-N H._, and the enkephalin 
dimer (N~*N~-bis (D-Ala- ' -cnkephal in)-Lys-NH0 are much 
more potent in their action on spontaneous activity. The 
striking effects associated with these two analogs in the cut- 
rent study suggest that they warrant additional evaluat ion in 
o ther  paradigms. 

Thus,  this study provides behavioral  confirmation that 
both IC and IP injections of  many peptides may significantly 
alter behavior  with comparable  efficacy.  Since it has been 
reported that the blood-brain barrier in goldfish is similar to 
that tk)und in higher ver tebrates  with regard to composi t ion 
and penetrat ion 14,22 ]. it would appear  that peripheral injec- 
tions of  some peptides could be effect ive if a clinical use is 
established. 
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