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ABSTRACT. Blood flow in the rat skin was measured by laser Doppler
flowmeter under normal conditions and after mild inflammation. Skin
in{llammation was induced either by a single subcutancous injection (50ul) of
a 2% carrageenan solution or by repeated topical treatment with chloroform
over three days (once daily). In normal skin. the mean baseline blood flow is
57.7 = 3.7 arbitrary units (n=96), but has increased to 78.5 = 8.7 arbitrary
units (n = 48) in the carrageenan inflamed skin. and to 144.6 £ 16.9 arbitrary
units (n = 48) in chloroform inflamed skin. Antidromic stimulation of the
saphenous nerve (0.2-5.0 mA, 0.5 ms. | Hz) for 10 seconds has increased the
blood flow in normal skin to 77.3 £ 9.0% (n = 25). and in carrageenan
inflamed skin to 104.8 + 9.6% (n = 57). The results show that the cutancous
neurovascular responses are elevated under the conditions of acute
inflammation.

Antidromic stimulation of the cutaneous nerves was shown to cause vasodilation and
increased permeability (Jancso et af. 1967, Lembeck and Holzer 1979 and Gamse et
al. 1980). This neurogenic inflammatory response is mediated by the small
unmyelinated, peptide-containing nerve fibers (Gamse et af. 1980, 1981,. Lembeck
and Donnerer 1981 and Hukkanen et 2/.1991) of the C-polymodal nociceptors
(Kenins 1981). This group of nerve fibers was shown to be sensitized during acute skin
inflammation (Kocher et al. 1987), which might affect the blood flow in the area
innervated by them as demonstrated by the enhancement of plasma protein
extravasation (Scott et al. 1992) and vasodilation (Lam and Ferrell 1993) in response
to application of exogenous neuropeptides. However, the skin blood flow has not yet
been studied under such neurovascular inflammatory conditions. Hence, in the
present study, the skin blood flow has been monitored using a laser Doppler
flowmeter to determine the cutaneous microvascular changes due to antidromic nerve
stimulation in normal, as well as during mild neurovascular inflammation in rat skin.
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Materials and Methods
Animal preparation

Experiments were performed on male Sprague-Dawley rats weighing 200-490 g
anesthetized initially by the intraperitoneal injection of 30 mg kg-! body weight of
pentobarbitone sodium (Sagatal, May and Baker Ltd., England). Deep anesthesia
was maintained by additional doses (20 mg kg-'. hr) administered through the
cannulated left jugular vein. The animal body temperature was maintained around
37 °C by a heating pad under its body and controlled by a rectal thermistor probe. The
animal blood pressure was monitored through a cannula inserted in the left common
carotid artery. Blood flow measurements were recorded when the systolic blood
pressure was above 80 mm Hg.

Skin inflammation and measurements of blood flow

In a series of experiments, the skin inflammation was induced by the subcutaneous
injection of 50ul of a 2% carrageenan solution (Sigma Ltd., U.S.A.) and 10% Evans
blue (Kocher et al. 1987, and Joris et al. 1990) into three sites within the area
innervated by the saphenous nerve medially on the right leg, 3-5 hrs before measuring
blood flow. In another series of experiments, inflammation was induced by repeated
topical treatment of the medial aspect of the saphenous field of the right leg with
chloroform (Leeh and Zimmermann 1988). The skin blood flow was monitored using
two laser Doppler flowmeters, one with two laser probes (Moor Instruments, MBF30.
England) and the other with a single one (Moor Instruments, MBF2). The laser
probes were firmly fixed at 1-2 mm above the skin, and the output of the flowmeters
and the blood pressure transducer were plotted by a chart recorder (Dash IV, Astro,
Med., U.S.A.). The baseline blood flow was simultaneously measured (for 10
seconds) at two identical locations, one on normal skin (contralateral left leg) and the
second on inflamed skin (ipsilateral right leg). In each case, 6-14 locations were
randomly selected and their baseline blood flow was recorded.

Antidromic vasodilation

The saphenous nerve was gently exposed, cut in the upper thigh and covered with
a pool of liquid paraffin made from skin flaps sutured to a brass ring. Antidromic
stimulation was done at the proximal cut end using a pair of platinum electrodes, and
the compound action potential was recorded through a similar pair of electrodes
placed distally above the knee. Antidromic vasodilation (ADV) was evoked by
applying fixed electric stimuli sufficient to excite unmyelinated C-fibers at 0.2-5.0 mA,
0.5 ms (millisecond) duration and 1 Hz frequency for 10 seconds. In each preparation,
4-10 antidromic vasodilatory responses were evoked (at 3 sites, simultaneously) from
both normal and inflamed skin. The ADV was measured from peak blood flow
change and expressed as a percentage above the resting level.
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Statistical methods

The data were analyzed statistically by Student’s t-test for unpaired data. Values
are expressed as means + standard error (S.E.M.).

Results

Baseline blood flow in normal and inflamed rat skin

The basal blood flow in normal skin was compared with that in skin inflamed either
by carrageenan injection or by chloroform treatment (Fig. 1). In normal skin, the
mean baseline blood flow was 57.7 + 3.7 arbitrary units (n = 96, where n is the total
number of locations randomly selected from normal skin in the left leg). In the
carrageenan inflamed skin, the mean baseline blood flow was 78.5 £ 8.7 arbitrary
units (n = 48), which is significantly higher (P < 0.01) than that in normal skin.
However, the increase in the mean baseline blood flow in the chloroform inflamed
skin (144.6 £ 16.9 arbitrary units, n = 48) was highly significant (P < 0.001) when
compared to that of the carrageenan inflamed skin.
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Fig. 1. The effect of inflammation on the blood flow in the rat skin. Bar indicates average + standard error
(S.E.M.).
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Antidromic vasodilation in normal and inflamed rat skin

Antidromic stimulation of the rat saphenous nerve at maximum C-fiber potentials
for 10 seconds caused an increase in blood flow lasting 2-6 minutes (Fig. 2a). This
response was greatly enhanced after the acute skin inflammation induced by the
subcutaneous injection of 2% carrageenan solution (Figs. 2b and 3). In normal skin,
the mean percentage increase in blood flow to antidromic nerve stimulation was 77.3
+9.0% (n = 25), but has significantly (P < 0.02) risen to 104.8 £ 9.6% (n = 57) in the
carrageenan inflamed skin.

Discussion

The present study examined the blood flow in rat skin under normal conditions
and after mild local inflammation induced by chemical irritants, which are known to
activate a specific class of unmyelinated cutaneous afferent nerve fibers of the
C-polymodal nociceptors, resulting in the release of neuropeptides, such as substance
P (Lembeck et al. 1982, Foreman 1987, Szolcsanyi 1988, Holzer 1988, Yaksh 1988,
and Lisney and Bharali 1989). Following acute skin inflammation, this neurovascular
response has enhanced as indicated by the increase in both of the baseline blood flow
and antidromic vasodilation compared with that in normal rat skin. The overall
increase in the antidromic vasodilation observed in inflamed rat skin was about 35%
more than the percentage increase in the same response in normal skin. A value that is
also comparable to the rise in the baseline blood flow following induction of
inflammation. This might indicate that the whole response is already enhanced at the
resting level. The shift in the baseline blood flow in the inflamed skin is in agreement
with the recent findings on another model of inflammation in the rat knee joint (Lam
and Ferrell 1993). This is probably due to the increase in the activity of the nociceptive
afferent nerve fibers (C—polymodal nociceptors), as has previously been reported in
the rat (Kocher et al. 1987) as well as in the cat (Russell et al. 1987). This could well be
due to an increase in the level of the neuropeptide substance P (Lembeck and Holzer
1979, and Gamse et a/. 1980) and to the upregulation of the neuropeptide receptors in
the inflamed tissue (Lam and Ferrell 1993). It might also be indirectly facilitated
through degranulation of mast cells by substance P with the subsequent release of
endogenous mediators of inflammation such as histamine (Lembeck and Holzer 1979,
and Barnes et al. 1986).
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Fig. 2. Simultaneous recording of skin blood flow and systolic blood pressure fol!owing antidromic
stimulation of the rat saphenous nerve at 2.0 mA. 0.5 ms., 1 Hz for 10 second§ in normal skin (a),
and at 0.8 mA, 0.5 ms, 1 Hz for 10 seconds in carrageenan inflamed skin (b).
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Fig . 3. The effect of carrageenan induced inflammation on skin blood flow to antidromic stimulation of rat
saphenous nerve. Bar indicates average + standard error (S.E.M.).




Jumah Shakhanbeh 357

References

Barnes, P. J., Brown, M. J., Dollery, C. T., Fuller, R. T., Heavey, D. J. and Ind, P.W. (1986) Histamine is
released from skin by substance P but does not act as the final mediator in the axom reflex. Brit. J.
Pharmacol. 88: 741-745.

Foreman, J. C. (1987) Peptides and neurogenic inflammation. Brit. Med. Bull. 43: 386-400.

Gamse, R., Holzer, P. and Lembeck, F. (1980) Decrease of substance P in primary afferent neurones and
impairment of neurogenic plasma extravasation by capsaicin. Brt. J. Pharmacol. 68: 207-213.

Gamse, R., Leeman, S. E., Holzer, P. and Lembeck, F. (1981) Differential effects of capsaicin on the
content of somatostatin, substance P, and neurotensin in the nervous system of the rat.
Naunyn-Schmiedeberg’s Arch. Pharmacol. 317: 140-148.

Holzer, P. (1988) Local effector functions of capsaicin-sensitive sensory nerve endings: involvement of
tachykinins, calcitonin-gene related peptide and other neuropeptides. Neuroscience 24: 736-768.

Hukkanen, M., Gronblad, M., Rees, R., Kottinen, Y. T., Gibson, S. J., Hietanen, J., Polak, J. M. and
Brewerton, D. A. (1991) Regional distribution of mast cells and peptide containing nerves in normal
and adjuvant arthritic rat synovium. J. Rheum. 18: 177-183.

Jancso, N., Jancso-Gabor, A. and Szolcsanyi, J. (1967) Direct evidence for neurogenic inflammation and its
prevention by denervation and by pre-treatment with capsaicin. Brit. J. Pharmacol. 31: 138-151.

Joris, J., Costello, A., Dubner, R. and Hargreeves, K. (1990) Opiate suppress carrageenan-induced edema
and hyperthermia at doses that inhibit hyperalgesia. Pain 43: 95-103.

Kenins, P. (1981) Identification of the unmyelinated sensory nerves which evoke plasma extravasation in
response to antidromic stimulation. Neurosci. Lett. 25: 137-141.

Kocher, L., Anton, F., Reeh, P. W. and Handwerker, H. O. (1987) The effect of carrageenan-mediated
inflammation on the sensitivity of unmyelinated skin nociceptors in the rat. Pajp 29: 363-373.

Lam, F. Y. and Ferrell, W.R. (1993) Acute inflammation in the rat knee joint attenuates sympathetic
vasoconstriction but enhances neuropeptide-mediated vasodilation assessed by laser Doppler
perfusion imaging. Neuroscience 52(2): 443-449,

Leeh, J. D. and Zimmermann, M. (1988) peptidergic nerve terminals in normal and inflamed skin.
Symposium on nerve fibers and inflammation, Erlangen University, Germany, pp.27-28.
Lembeck, F. and Donnerer, J. (1981) Time course of capsaicin-induced functional impairments in
comparison with changes in neuronal substance P. Naunyn-Schmiedeberg’s Arch. Pharmacol. 316:

240-243.

Lembeck, F., Donnerer, J. and Bartho, L. (1982) Inhibition of neurogenic vasodilation and plasma
extravasation by substance P agonists, somatostatin and (D-Met?, Pro®) enkephalinamide. Eur. J.
Pharmacol. 85: 171-176.

Lembeck, F. and Gamse, R. (1982) Substance P in peripheral sensory processes. In: Porter, R. and
O’conner, M. (edS) Substance P in the Nervous Sys[em, Pitman, London, Ciba Foundation
Symposium 91, pp. 5-54.

Lembeck, F. and Holzer, P. (1979) Substance P as a neurogenic mediator of antidromic vasodilation and
neurogenic plasma extravasation. Naunyn-Schmiedeberg’s Arch. Pharmacol. 310: 175-183.

Lisney, S. J. W. and Bharali, L. A. M. (1989) The axon reflex: An outdated idea or valid hypothesis ? News
Physiol. Sci. 4: 45-48.

Russell, N. J. W., Schaible, H. G. and Schmidt, R. F. (1987) Opiates inhibit the discharge of fine afferent
units from inflamed knee joint of the cat. Neurosci. Lett. 76: 107-112.

Scott, D. T., Brown, S. A., Lam, F. Y. and Ferrell, W. R. (1992} Acute inflammation enhances substance P
- induced plasma protein extravasation in the rat knee joint. Regulatory peptides 39: 277-235.




358 Baseline Blood Flow and antidromic Vasodilation...

Szolesanyi, J. (1988) Antidromic vasodilation and neurogenic inflammation. Agents and Actions 23: 4-11.

Yaksh, T. (1988) Substance P release from knee joint afferent terminals: modulation by opioids. Brain Res.
458: 319-324.

(Received 29/11/1992;
in revised form 02/02/1994)




Jumah Shakhanbeh 359

S 0 e Il gl p 1 O 5A0 ) ik
SIEN 4...5\:.\1 M\a)é.g-“ 5,01 e C;U\

s (rlall 3 2

&bl daa

o daalr — pylall LS - LT pylalf o
Tetldl L,V L ISV co. o
dLSJJ,..U‘JL:_)JQL_JJ?-uALJIJ}‘J.l?-dr.d\dbj?-uwuram
LN it ad) L dadb oLl 4oy Iy dimudall G5y o ]
J)BU.A/Yw(ﬂ)}ao')mbdo»bw@\yblmﬂi\
5 ) ebl 55 st STISPN 5y S dodaw Alelag 4 Ol ST
O el gielall Jad} Junn OIS dis aclall WU 4 (L_,,ayo.u\j
Jama sl Ay (A7 = 0) dblaslsdmy ¥,V 0V, V 4a (g pell
iblaelsa =g A,V = VA, 0 I Ssedl O ) éJ_;u}\ L
11,8 166,71 s Ol S lons cgelll A G (84 = 0)
QlLA)‘-L?:)LS rjﬁ,JjNL%uiJu\d(ZA—o)abulobj
V10 i 0,0 = 0, 1) Lslan Lol 18 il oaall 3L
Lééy.ﬂ\g)b}\Woabj&u.ﬂu\yoﬂo.\_&(}ﬁ\ caslido
J gt gl W d} (YO =0) 78,0 T VYV, ¥ U] ke 1 LA
5 ala ) of G.LJ\W SOV =0) 74,1 v A ) ol
caaab SLlgd] s sls 5 Al (§ dvandl & el A5Le )



http:l:?J.r.UI

