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The phases of wound healing—colla-
genation, Wound contraction and epitheliza-
tion—are intimately interlinked. Collagen
synthesis is a major aspect of wound heal-
ing. It is the process of collagen formation
that gives the ultimate strength to the healed
wound. Since collagen  is rich in the aluino
acids hydroxyproline and hydroxylysine, of
which hydroxyproline is predominant, esti-
mation of the hydroxyproline content is a
direct indicator of the collagen content in
the granulation tissue. During collagen syn-
thesis proline is incorporated into the
polypeptide chains of pro-collagen within
the fibroblast cells and hydroxylated by
proline hydroxylase and molecular oxygen.

The oil of Hydnocarpus it ightiuna has
been recognized for several years, as an
antileprosy drug, as an acaracide and as an
antiparasitic drug in the treatment of guinea
worm infestations ("'). The commercial
sources of the oil are from Taraktogenos
kurzii, Hydnocarpus t,riç'htiana and Hydno-
carpus anthelnrinthica, However, more re-
cent drugs have been developed which have
a better safety profile and which are gener-
ally considered to have a better effìcacy
against most of these diseases.

In the treatment of leprosy none of the
currently used antileprosy drugs has been
reported to have a positive effect in the
healing of wounds that are common in lep-
rosy patients. However, recent anecdotal re-
ports (1 Oth Annual Report of the Samidha
Charitable Trust, 1996: Manjrekar, S., p. 10
and Bagga, V. S., p. 4) claim that wounds in
leprosy patients and in patients with dia-
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betic ulcers and gangrene healed faster
when the oil of hydnocarpus was given
orally or administered topically. In view of
these anecdotal reports, a pilot study was
done to assess the effect of the oil of hydno-
carpus on wound healing. The aim of the
study was to evaluate the effect of the oil of
hydnocarpus on the collagenation phase of
wound healing.

MATERIALS AND METHODS
Twenty individually housed male rates

of the Wistar strain were divided into two
groups of 10 each. The animais in Group A
served as controls. The animais in Group B
were administered the oil of hydnocarpus at
a dosage of 45 mg/kg/day, emulsified in
gum acacia. None of the animais was put 011

any other medication.
Incision wounds. AII of the animais

were anesthetized using 35 mg/kg pento-
barbital (pentobarhitone) administered in-
traperitoneally. Following the method of
Ehrlich and Hunt ( 4 ) a paravertebral inci-
sion 6 cm in length was made through the
entire thickness of the skin at least I cm lat-
eral to the vertebral column of each animal
and the incision was closed with 4-0 silk su-
tures spaced 1 cm apart from each other.

On the tenth day, the sutures were re-
moved and the hreaking strength of the
wounds was measured following the pra-
cedure of Lee (`). The animais were again
anesthetized with 35 mg/kg pentabarbital
and were secured to the operating table. A
line was drawn on the skin at a distance of 3
mm on either side of the incision wound.
Two Allis forceps facing each other were
firmly applied on the line. On one side the
forceps was hooked firmly to a metal rod
fixed to the operating table. The other for-
ceps was connected to a leak-proof, gradu-
ated polypropylene bottle through a string
running over a pulley. The bottle was con-
nected to a large water reservoir, placed at a
suitable height, through a rubber Cube
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which was kept occludeci. To measure the
breaking strength of the wound the tube
was released to allow a constam flow of wa-
ter from the reservoir isto the graduated bot-
tle, thus gradually increasing its weight so
as to act as a pulling force to disrupt the
wound. As soon as any wound dehiscence
was observed, the rubber tube was clamped
and the amount of water collected in the
graduated Cube was measured. Four readings
were recorded for each incision. The mear
of the four readings was taken as the break-
ing strength for the tissue.

Dead space wounds. These wounds
were created by impianting polypropylene
Cubes of 2.5 cm x 0.5 cm subcutaneously in
the dorsal aspect of the animais to harvest
the granulation tissue, following the proce-
dure described by Patil and Kuikarni (`'). On
the tenth day these polypropylene Cubes
were removed and the granulation tissue
harvested around the tubes was dissected.
The tubular granulation was cut longitudi-
nally into two halves and each piece was
analyzed separately for breaking strength as
described above (').

Determination of hydroxyproline con-
tent. The granulation tissue harvested from
the dead space model was dried at 60°C for
24 hr in order to get the dry weight. The de-
termination of hydroxyproline content foi-
lowed the procedure of Neuman and Logan
( 7). The tissue was place in a sealed tube
containing 10 ml of 6 N hydrochioric acid
and hydroiyzed by heating at 110°C for 24
hr. The hydrosylate was cooled and any ex-
cess acid was neutralized with 10 N sodium
hydroxide, using methyl red as an indicator.
The volume of neutral hydrosylate was
'nade up to 20 ml with distilled water.

From Chis, 0.1 ml of the hydrosylate was
pipetted isto clean, dry tubes and the vol-
ume made up to 0.5 mi using distilled water.
From the stock solution of standard hydrox-
yproline, 1.6 mi was taken and diluted up to
100 ml, of which 0.5 mi (8 µg) was taken.
To the above solution were added 1 ml each
of 2.5 N NaOH, 0.01 M CuSO 4 and 6%
H 2O,. The test Cubes were immediately
piaced in a water bath at 80°C for 16 min
and then cooled for 5 min. To this solution
were added 2 mi of a freshly prepared solu-
tion of 5% para-dimethyl a'nino benzaide-
hyde in N-propanol and 4 mi of 3 N
The Cubes were again placed in the water

bath at 80° for 15 min and then cooled for 5
min. For the estimation of hydroxyproline,
the optical densities of the pink color of
these test samples were compared to that of
standard hydroxyproline of a known con-
centration at 540 nm using a Beckman Du-64
spectrophotometer.

i ESULTS

Incision wound model. In ali of the an-
imais the wounds healed weil without any
secondary infection. The linear scar tissue
which had formed was indicative of good
wound healing by primary intention. The
breaking strength of the scar tissue in the
test group was significantly greater than
that of the control group (The Table), show-
ing that the healing of the wound in the test
group was significantly better.

Dead space model. The polypropylene
tubos which acted as inert foreign bodies
within the animal had induced good forma-
tion of granuiation tissue in ali of the ani-
mais. The breaking strength of the granula-
tion tissue formed in the test group was
higher than that in the control group, indi-
cating better collagenation of the tissue in
the test group. This was ais() contirmed by
measuring the hydroxyproline content of
the granulation tissue harvested from the
dead space.

Hydroxyproline content. Both groups
showed good collagenation as evidenced by
the hydroxyproline content in the granula-
tion tissue, but the hydroxyproline content
of the granulation tissue in the test group
was significantly higher than in the control
group (The Table).

Two animais in the control group suc-
cumbed to the procedure 011 day mie, and
were excluded from the study. Ali of the
other animais of both groups fed well and
showed no alteration in feeding or fluid in-
take. The animais were quite mobile in their
cages with no limitation of activity or signs
of morbidity. Ali of the animais showed an
increase in body weight but there was a sig-
nificam increase in weight gain in the group
that received the oil of hydnocarpus (The
Table).

DISCUSSION

The oil extracted fruiu Hvdnocarhus tri,,'ht-
iunu was used in Chis study because it is the
only species of the Hvchmcarpus that is
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THE TABLE. Comparison of boche tt'eight, drv granulation H'eiglu, breaking strength and h)v-
droxvproline contens of the ttt'o groups cif animais used in the study (vales are gires as tneans ±
standard errors of the ineans (x ± SEM).

Breaking strength GR" ttydroxy- Weight
(granis) wcight prolinc gaia

Skin^GR' (granis) (nig) (gratos)

Controls (N = 8) 375 ± II 270 ± 9 87±14 1666 ± 245 7±2
Test (N = I()) 442 ± 16 368 ± 25 148 ± 14 3173 ± 296 18 ± 4
p Value <0.01'' <0.01' <0.01' <0.01'' <0.05'

GR = Granulation tissue.
Student's approximate I test, 2-tailed p value.
Welch's approximate t test, 2-tailed p value.

known to grow in this geographical loca-
tion. The amber-colored oil of hydnocarpus
had been used for the treatment of leprosy,
being administered topically, orally and
parenterally. It probably had little effect on
established lepromatous leprosy but, by en-
couraging resolution, it may have prevented
some indeterminate and early borderline
forms from progressing into lepromatous
leprosy ( 3). Although largely replaced by
newer drugs, hydnocarpus oil is still em-
ployed in the treatment of leprosy in areas
where it is cheap and readily available (').
The oils obtained from the Hvdnocatpus-
related species are therapeutically indistin-
guishable. Preparation of a pharmaceutical
grade of the oil requires pressure extraction
of the crude oils from the seeds, followed
by saponification with sodium hydroxide.
Repeated washings with hot water allow a
purer oil to be decanted each time (`).

The oil of hydnocarpus contains fatty
acids such as chaulmoogric acid, which has
18 carbon atoms, and hydnocarpic acid,
which has 16 carbon atoms and their glyc-
erides ("'). These acids differ slightly in
their chemical composition and optical ro-
tary powers ("). Ethyl esters, cinnamates,
beta-glycerophosphates and sodium salts of
hydnocarpic and chaulmoogric acids have
been found to be effective when applied
topically ("').

It was suggested that the introduction
of the oil of hydnocarpus, a foreign lipid,
activates host lipases to destroy ali foreign
lipids including both the oil itself and the
cell wall of the mycobacterium. One hy-
pothesis held that once the bacillary wall
was penetrated regular immunological
processes could destroy the bacillus. An-

other hypothesis invoked counter irrita-
tion which resulted in chemotaxis; the ir-
ritation being caused by injection of the
oil drew phagocytes into the vicinity of
the bacillus ( 1 . 2 ).

An analysis of the chemical structure of
these oils shows that they contais fatty
acids which have a cyclopentene ring at the
end of a carbon chain and an asymmetric
carbon atom. Chaulmoogric acid is iso-
meric with linoleic acid but, unlike other
fatty acids which have an open chain,
chaulmoogric acid lias a closed chain. Gor-
lic acid is another long-chain fatty acid
found in the oil of hydnocarpus, but its ex-
act role is not known. The acids also con-
tain a double bond in the cyclopentenyl
ring. There is, consequently, a high possi-
bility that both hydnocarpic acid and chaul-
moogric acid could be free radical scav-
engers, a property which could contribute
to the pro-healing effect seen in the study.
Being long-chain carboxylic acids, they are
lipophilic and cause dissolution of the my-
colic acid coat of the mycobacteria, thereby
causing cell death.

CONCLUSION
It is commonly believed that the oil of

hydnocarpus and its derivatives are of little
or no curative value, and their unpleasant
side effects probably outweigh any advan-
tage that may accrue from their use (`). As a
result, it has been dropped from most for-
mularies and memories. However, no well-
designed clinicai (or experimental) trial of
the oil was ever conducted. From the pres-
ent study, it could be suggested that admin-
istration of the oil orally would trigger the
synthesis and secretion of collagen from the
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fibroblast cells to give a better strength to
the healing wound and the scar tissue. At
the given dosage, the drug-treated group
showed a significant increase in body
weight, strength of scar tissue in the inci-
sion model and, also, increased strength of
the collagen tissue and hydroxypro1ine con-
tent in the dead space model.

If the dosage that was used for oral ad-
ministration in this study is extrapolated to
clinicai trials, the untoward gastrointestinal
lide effects that were seen in the past might
be avoided while the beneficiai effects of
the oil in promoting wound healing could
be utilized. The results of this pilot study
indicate that the oil of hydnocarpus when
adrninistered orally, with its already known
antileprotic activity, could be a useful ad-
junct in the treatment of leprosy. Further
studies with regard to its wound-healing
properties are in progress.

SUMMARY
Oil of hydnocarpus has been replaced by

other chemotherapeutic agents which have
a better mycobactericidal effect. However,
none of the currently used antileprosy drugs
has been reported to have a positive effect
in wound healing. Anecdotal reports claim
that leprosy patients who have taken cap-
sules containing oil of hydnocarpus orally
have shown more rapid wound healing than
those not receiving it. In view of these re-
ports, a pilot experimental study was under-
taken to determine the effect of the oil of
hydnocarpus in wounds experimentally in-
flicted on male Wistar rats. The wound-
healing effect of oil of hydnocarpus was
studied with reference to collagenation and
the strength of the scar tissue. The drug-
treated group showed a significant increase
in body weight and strength of scar tissue in
the incision model and, also, increased
strength of the collagen tissue and hydroxy-
proline content in the dead space model.
The results of this pilot study indicate that
the oil of hydnocarpus, which also has anti-
leprotic activity, could be a useful adjunct
in the healing of wounds and ulcers in lep-
rosy patients.

RESUMEN
En la actualidad, el aceite de hydnocarpus ha sido

rcemplazado por otros agentes qui mioterapéuticos con

mayor efecto bactericida. Sin embargo, no se ha repor-
tado que alguna de las drogas antileprosas de uso ac-
tual tenga algún efecto curativo de Ias heridas de los
pacientes con lepra. Algunos reportes anecdóticos ase-
guran que los pacientes con lepra que han tornado cáp-
sulas con aceite de hydnocarpus muestran una eu-
ración más rápida de sus heridas que los pacientes que
no han tomado las cápsulas. En vista de estos reportes
se hino un estudio piloto para determinar cl efecto dei
aceite de hydnocarpus en heridas provocadas en ratas
Wistar macho. El efecto curativo dei aceite de hydno-
carpus se estableció en función de la colagenación y la
firmeza del tejido cicatricial. El grupo tratado con la
droga mostró un aumento significativo en cl peso cor-
poral y en la firmeza dei tejido cicatricial en el modelo
de incisión y un aumento en la firmeza del tejido
colágeno y en cl contenido de hidroxiprolina en cl mod-
elo del espacio muerto. Los resultados de este estudio
piloto indicar que el aceite de hydnocarpus, el cual
también ticne actividad antilcprosa, podría ser útil en
la cicatrización de las heridas y úlceras en los pa-
cientes con lepra.

RÉSUMÉ
L'huile d'hydnocarpus a été remplaçée par d'autre

agents chimiothérapeutiqucs qui ont un meilleur effet
mycohactéricide. Cependant, il n'y a pas de médica-
ment contrc la lèpre de décrit ayant une activité béné-
fique sur la cicatrisation. Quclqucs rares rapports tom
état de cas isolé de cicatrisation plus rapide chez des
patients atteints de lepre ayant été traités par des cap-
sules contenant de l'huile d'hydnocarpus comparé à
des patients n'en ayant pas pris. Du fait de ces rap-
ports, une étude pilote expérimentale a été entreprise
pour déterminer les effets de l'huile d'hydnocarpus sur
la cicatrisation de plaies indultes expérimentalement
chez des rats de souche Wistar. Le possible effet cica-
trisant de l'huile d'hydnocarpus fut étudié en mesurant
le degré de collacénisation et la résistance du tissu ci-
catriciel. Le groupe traité a montré une augmentation
du poids corporcl et de Ia résistance du tissu cicatriciel
pour le modèle de plaie par incision, ainsi qu'une aug-
mentation de la résistance du tissu collagénique et de
la teneur en hydroxyproline pour le modèle de cicatri-
sation par secunde intention. Les résultats de cettc
étude pilote indiquent que l'huile d'hydnocarpus, qui
présente égalenent une activité antilépreuse, pourrait
étre un traitement adjuvant utile pour la eicatrisation
des blessures et ulcères des patients léprcux.
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