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Purpose:
It has previously been reported by our lab that relatively small compounds, when applied
topically in eye drop form, can access the cerebrospinal fluid (CSF) and central nervous
system (CNS). Our theory is that CSF access is facilitated by uptake by the optic nerve,
which is surrounded by meningeal coverings. However, little research has been done to
determine whether larger, potentially therapeutic peptides can similarly reach the CNS
following topical application and whether, by so doing, they can regulate biological
processes. The purpose of this study was to determine whether the appetite-suppressing
peptide leptin, which has a molecular weight of 16kDa, can accumulate in the
hypothalamus following eye drop application and if so, whether it can influence food
consumption in rats.
Methods:

Leptin application and tissue measurement

Leptin levels were determined by ELISA in various aged Lewis female rats, in fed versus
fasted rats in order to facilitate the selection of the target population with the lowest
native leptin levels for use in the remainder of this study. The animals selected for our
experiments based on the results from these early determinations were young, fasted
animals. We also quantified postprandial leptin levels in the rats in order to determine the
normal levels of leptin that accumulate in the hypothalamus after a meal. Young, fasted

rats were treated with 10 pL of a 1.2 mg/ml solution of a rat leptin eye drop solution that



contained PBS and the permeation enhancer Brij 78. Ocular and CNS tissues were then
harvested at various time points and their leptin levels assessed by ELISA. To control for
the effects of systemically absorbed leptin, a separate cohort of rats was subcutaneously
injected with leptin in buffer and their tissue leptin levels were measured. Control rats
were injected with buffer alone.

SDS-PAGE and Western blotting:

In order to determine the effects of leptin treatment on the production of the transcription
factor associated with leptin secretion, phosphorylated Jak2, hypothalamic proteins
isolated from treated and untreated animals were loaded onto minigels and
electrophoresed. The separated proteins were then transferred to a membrane, after which
Western blotting was carried out. Fluorescent detection of the proteins was performed.
Antibodies used were rabbit anti-phosphorylated Jak2 polyclonal antibody. The blots
were scanned to visualize the protein bands and quenching controls were performed.

Effects of leptin drops on food intake and body weight:

As mentioned, we verified that the leptin levels in the hypothalamus after eye drop
application were similar to the levels attained postprandially. Rats were then treated daily
for four days with a leptin eye drop in both eyes just prior to lights out. Control rats
received vehicle in both eyes. Rats were allowed to eat freely, and the animals’ weights
and food consumed were assessed each day.

Results:

CSF leptin levels peaked 10 minutes after eye drop application, and remained
significantly elevated for 30 minutes. Serum leptin levels also rose. All serum leptin

values were significantly elevated relative to baseline. While serum leptin levels



remained elevated through 60 minutes, CSF levels fell significantly well before then,
suggesting that serum leptin did not contribute to CSF leptin accumulation. Leptin levels
that were measured in the CSF following eye drop application were comparable to those
seen in untreated, fed rats. Leptin levels were also determined in various ocular tissues
over a 20 minute period after leptin eye drop application. The data showed that leptin
levels in the aqueous humor, sclera, iris/ciliary body, optic nerve, and retina rose
significantly following eye drop application. The fact that the highest levels were attained
in the sclera (nearly 900 pg/mg tissue) suggests that leptin traversed the sclera to reach
the posterior pole. Hypothalamic leptin levels were significantly elevated 5, 10, and 20
minutes following eye drop application, to a high of 16+3 pg/mg tissue. The
subcutaneous injection of rats with leptin resulted in a significant elevation in leptin
levels in the serum but an insignificant elevation the hypothalamus, supporting the notion
that the leptin that accumulated in the hypothalamus came from the ocular surface.
Expression of pJAK was slightly but not statistically significantly elevated in the
hypothalamus of rats 20 minutes and 3 hours after leptin eye drop administration; these
elevations were not statistically significant. These slight elevations in hypothalamic
pJAK did not translate into a measureable suppression of appetite.

Conclusions:

Our results showed that leptin accumulated in ocular tissues, serum, CSF, and the
hypothalamus following topical delivery. Uptake of leptin from the serum did not appear
to account for the accumulation of leptin in the CSF and hypothalamus following topical
application. Such treatment led to a slight, but statistically insignificant increase in the

expression of pJAK in the hypothalamus, and did not result in the suppression of appetite.





















Effects of leptin eye drop treatment on hypothalamic expression of phosphorylated JAK

JAK):
Expression of pJAK was slightly elevated in the hypothalamus of rats 20 minutes and 3

hours after leptin eye drop administration (refer to Figure 20). The pJAK bands are the
209 and 124 bands.
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Densities from the bands from control eyes and eyes removed 20 minutes after leptin
treatment are graphically illustrated in Figure 21 (below). There was a slight but
statistically insignificant increase in pJAK expression in the hypothalamus 20 minutes
after topical leptin application. At 3 hours, there was no difference between control and
experimental levels of expression (graph not shown).

Figure 21
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The gels below confirmed the specificity of the anti-Jak labeling. Thus, JAK2 peptide

competition completely eliminated JAK2 labeling (refer to Figures 22 and 23 below)
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Effects of leptin drops on food intake:

Results showed that there were no significant differences in the amount of food

consumed by leptin-treated rats compared to controls (see Figure 24). The cumulative

points represent the total amount of food eaten over the given periods of time.
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DISCUSSION AND CONCLUSIONS:

The objectives of this study were threefold. First, we set out to determine the kinetics
of leptin uptake into the CSF and hypothalamus following topical application. Since the
eye was the route of this delivery, ocular uptake of leptin was also determined. Second,
we assessed the effects of topically applied leptin on the expression of pJAK, a
transcription factor in the hypothalamus known to be regulated by leptin. Finally, we
assessed the effects of topically applied leptin on food consumption in normal rats.

Since our goal was to assess the effects of leptin eye drop application on tissue leptin
levels, it behooved us to select rats for these experiments that had the lowest detectable
native leptin levels so that there would be the least amount of interference from
endogenous leptin. Thus, we examined the leptin levels in the serum of rats of different
ages and caloric states. Our showed that rats between 5 and 12 weeks of age had the
lowest endogenous leptin levels, regardless of the fed/fasted state of the animals. We
therefore used animals in this age range for all other experiments in this study.

Since, in reference to the major goals of this study, the CSF and hypothalamus
were the most important tissues that we examined with regard to their ability to
accumulate leptin after leptin eye drop application, we determined the native levels of
leptin in these tissues in fed and fasted rats in order to confirm that the fasted rats had the
lower leptin levels and thus would be better suited for use in this study. Leptin is released
into the blood after a meal, crosses the blood brain barrier, and then suppresses appetite
by acting on the ARC. Our data showed that CSF leptin levels were significantly lower in
fasted rats. Similarly, leptin levels were also lower in the hypothalamus of fasted rats,

though this reduction did not reach statistical significance.
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We wished to determine whether leptin eye drop treatment could result in the
accumulation of leptin in the hypothalamus and whether it could influence food intake in
rats. As a preliminary step towards this determination, we needed to ascertain what the
normal hypothalamic leptin levels were in fed animals. With this information in hand, we
would then be able to compare those levels to the leptin levels that are reached in the
hypothalamus following eye drop treatment. Postprandial glucose levels were examined
in the serum and postprandial leptin levels were determined in the serum and
hypothalamus. Two methods were used to determine the postprandial levels of these
compounds. In one set of experiments, animals were fed glucose directly from a pipettor,
and in the other, they were fed a pre-weighed pellet of chow ad libitum, which they
consumed in a set period of time. The latter approach was thought to be more
physiological and to more closely approximate conditions that normally occur after a
meal compared with the orally administered glucose. Postprandial serum glucose levels
rose in both cases, peaking at 15 minutes in the glucose-fed group and at 1 hour in the
pellet fed group. These peak values were similar. Postprandial serum leptin levels
similarly rose in both groups, with the pellet fed rats reaching statistical significance 2
hours after ingestion verses the glucose fed rats, whose serum leptin levels peaked at 3
hours. Postprandial hypothalamic leptin levels in chow and glucose fed rats also rose,
with levels reaching significance at 2, 3, and 4 hours after chow ingestion and at 1 hour
after glucose administration. Overall peak leptin levels were similar in these two groups
of animals. The absolute concentration of leptin nearly doubled in the animals that

consumed the pellet of chow.
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Having determined the endogenous and postprandial levels of leptin in the CSF
and hypothalamus, we then treated cohorts of rats with leptin eye drops and examined
leptin levels in these same tissues, as well as ocular tissues. The ocular tissues were
examined in order to obtain a preliminary assessment of the kinetics of leptin uptake by
the eye as a potential indicator of the route that leptin takes to reach the posterior segment
and CNS. The reason why the sample size was so variable in these experiments was
because some animals were used as positive controls for other experiments.

Treatment of rats with a 12ug of leptin in eye drop form resulted in its significant
accumulation in the CSF and serum starting 10 minutes later. CSF values peaked at 10
minutes and remain significantly elevated through 30 minutes, while serum leptin levels
remained significantly elevated from 10 through 60 minutes. The fact that CSF leptin
levels fell back to baseline before serum leptin levels suggests but does not prove that the
leptin in the CSF was not derived from the blood. These results are supported by our
earlier results using insulin eye drops (66). Interestingly, leptin levels in the CSF
following leptin eye drop application were comparable to those seen in untreated, fed
rats. Serum leptin levels in leptin eye drop treated rats increased only somewhat, further
suggesting but again not proving that the leptin in the CSF following topical application
was directly derived from the front of the eye rather than the blood.

As mentioned, a variety of ocular tissues were harvested following leptin eye drop
treatment in order to assess how this peptide traversed the eye to access the CSF and, as
shown but not yet discussed, to access the hypothalamus. Ocular leptin levels were
assessed over the course of 20 minutes following eye drop application. Our results

showed that leptin levels rose significantly in treated animals in the following ocular
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tissues: aqueous humor, iris/ciliary body, sclera, retina, and optic nerve. For all of these
tissues except the retina, values were significantly above baseline at all time points. On
the other hand, while the absolute retinal leptin concentrations were elevated above
baseline at all time points, only the 15 minute point was statistically significant. It was
interesting that the peak leptin concentration in optic nerve tissue occurred earlier than
the peak in the retina, suggesting not only that the retina was not in the direct route of
transport but also that uptake by the retina required more time perhaps because of the
molecular weight barrier at the level of the RPE. This pattern is similar to what was
found in our previous work with insulin. In light of these results and the fact that scleral
leptin levels were quite high suggests but does not prove that leptin preferentially
traversed the sclera to reach the posterior pole. Such movement of leptin would no doubt
be facilitated by the lack of a capillary network in the sclera and by previous data that
showed that this tissue facilitated the ready diffusion of compounds of molecular weights
<70 KDa (63).

Importantly, hypothalamic leptin concentrations rose significantly 5 to 20 minutes
after leptin eye drop treatment. Peak values were approximately double those seen in
baseline rats. The percent increase in hypothalamic leptin levels following eye drop
treatment was similar to the percent increase seen in fed versus fasted rats and to the
percent increase seen in the hypothalamus in our postprandial experiments.
Unfortunately, in our postprandial experiments, we expressed the data per concentration
of protein rather than wet weight, so those values can not be directly compared to the

fed/fasted and eye drop data.
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To control for leptin uptake from the blood, both hypothalamic and serum leptin
levels were quantified 20 minutes following the subcutaneous injection of rats with 12 ug
of leptin (the equivalent amount in each eye drop) and compared to levels in animals
injected with vehicle alone. Our data showed that the hypothalamus of animals injected
with leptin did not show significant elevations in leptin concentrations relative to
controls. Conversely, serum leptin levels in control verses leptin injected rats were
significantly elevated above control rats. These findings strongly support the contention
that the leptin that accumulated in the hypothalamus came from the front of the eye.

We next examined the expression of hypothalamic pJAK 20 minutes and 3 hours
after topical application by western blot followed by band density analysis. Briefly, in
the leptin signaling cascasde, leptin binding initiates a sequence of events that results in
the phosphorylation of one of its receptors, JAK2, which subsequently phosphorylates a
major substrate, STAT3. This cascade ultimately inhibits the expression of neuropeptide
Y and acts to suppress appetite (61, 62). Western blot experiments determined that there
was a slight increase in the expression of hypothalamic pJAK at 20 minutes and 3 hours
following topical leptin application. However, band density quantification found that this
increase was statistically insignificant.

In order to confirm the specificity of JAK labeling, an additional gel
electrophoresis was run under the same conditions as before but with anti-JAK2. Results
showed that anti-JAK2 peptide competition completely eliminated JAK2 labeling,
providing confidence that the results of this experiment were specific for JAK2.

From the data in the literature, it appears that there is only a slight increase in

JAK phosphorylation following leptin binding (64, 65). The fact that we were not able to
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show a significant rise in pJAK in leptin treated animals may not preclude the use of
leptin eye drops to control appetite. It is important to note that our data showed that leptin
levels increased in the hypothalamus in a manner that was proportional to the levels seen
in postprandial rats. Thus, in the final set of experiments, we set out to determine if leptin
eye drop treatment influenced food intake in rats over a four day period. Our data showed
that there were no significant differences in the amount of food consumed by leptin-
treated rats compared to control animals. The lack of an effect on food intake may have
been due to the fact that we only looked at the animals over four days. There is a report in
the literature that suggested that intranasal administration of appetite-regulating
neuropeptides only influenced food intake after they were administered for a prolonged
period (60). It is not immediately clear why prolonged rather than acute treatment would
influence food intake in our system. Whether or not more prolonged treatment with
perhaps higher doses of leptin would influence food intake in rats remains to be
determined.

In conclusion, although the topical application of leptin showed no effect on food
consumption, the data from these experiments further support the hypothesis that peptides
accumulate in the CNS following topical eye drop application and this finding supports
further work to determine whether particular drugs can influence the progression of CNS

disorders.
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