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We examined the action of ricin and related protein abrin on hair follicle (HF) and regrowth of hair. Topical application of ricin in BALB/C and C57BL/6 mice after hair
removal by waxing, resulted in sparse and delayed re growth of hair. Histopathological
examination revealed hair follicle dystrophy and dose-dependent reduction in the number of hair follicles. Ricin-treated hair follicles showed immediate dystrophic catagen
induction and were found to be dystrophic. The characteristic features of ricin-treated
hair follicles resembled chemotherapy-induced hair follicle dystrophy such as presence
of many ectopic melanin granules, follicular and hair shaft distortion, and irregular diameter of hair bulbs. During in vitro human hair follicle organ culture, ricin- and abrintreated hair follicles showed inhibition of hair shaft elongation, premature HF regression, and hair follicle dystrophy. During preclinical toxicology studies, ricin was found
to be safe for sub-acute dermal test for 90 days for a dose equivalent to the human dose
of 160 μg/kg. Our novel observations propose ricin to be a promising candidate for inhibiting growth of hair follicle by inducing dystrophy without adversely aﬀecting other
skin structures.

Objective
Forty percent adult female population suﬀers from some degree of unwanted facial hair
along its psychological and psychosocial impact [12]. Therefore, non-invasive topical
treatment for inhibition of unwanted hair growth is one of the major concerns in skincare. This is an eﬀort to explore the therapeutic potential of ricin, following the footsteps
of clinical success of botulinum toxin.

Introduction
Inhibition of unwanted hair growth is one of the major concerns in skincare, and a
wide variety of approaches have been used toward this goal. We examined whether
ribosome-inactivating protein (RIP) ricin and related abrin can be used to inhibit hair
growth on topical application. Ricin, a well-known plant-derived protein, inactivates
eukaryotic ribosomes by modifying two nucleoside residues, G4323 and A4324, in 28
S rRNA [1]. Ricin and the other members of this toxin family are very eﬃcient at cell
killing. Ricin is known to activate ribotoxic stress-induced SAPK signaling pathways
[2] as well as p38 [3]. Moreover, ricin was shown to induce IGFBP-3 expression through
the p38 signaling pathway [4] leading to cytokine secretion. However, earlier reports
indicated that amount of ricin absorbed through skin is so negligible that it is considered
to be dermally inactive [5], as no dermal toxicity was observed at 50 μg/spot during skin
tests on mice [6]. Therefore, toxicity by this route is suggested to be unachievable by
Schep et al. [7]. Earlier studies using crude ricinus extracts and puriﬁed ricin [8] had
indicated that ricin inhibits hair growth when applied topically.
All mature hair follicles show a cyclic pattern consisting of phases of growth (anagen),
regression (catagen), rest (telogen), and shedding (exogen). The anagen hair follicle consists of a so-called permanent portion at the bulge region above the muscle insertion and
a cycling portion below [9].
Though ricin and related cytotoxic lectin abrin were considered to be dermally inactive, the observations of the present study suggest that they have potential to induce
hair follicle dystrophy resulting into reduced rate and altered character of hair regrowth,
keeping all other skin structures intact. Present study corroborates earlier ﬁndings
[8] that cytotoxic lectins like ricin are not completely dermally inactive as perceived

DOI: 10.19185/matters.201702000001

Matters (ISSN: 2297-8240) | 1

Ugly duckling or a swan: Exploring therapeutic potential of ricin for inhibiting unwanted hair growth

[5] [7] but instead inhibit the growth of hair follicle, keeping all other skin structures
intact. The present ﬁndings provide a rationale for further investigations using hair follicle as a dynamic regenerative mini-organ with a cyclic growth pattern, to determine
the dermal role of ricin and related proteins, as a model for programmed organ deletion. Phase I clinical trials of ricin [10] and abrin [11] have been reported earlier by
intravenous route.
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Figure Legend
Figure 1: Ricin puriﬁcation (A) Aﬃnity chromatography-A280 proﬁle of fractions
from elution proﬁle of ricin toxin with a linear D-galactose gradient. (B) SDS PAGE
electrophoretic proﬁle of ricin (2 μg) on SDS PAGE under reducing conditions shows
two bands representing ricin subunits of 32 and 34 kDa. (C) Detection of ricin LC-MS
chromatogram shows eluted ricin peak at 6.881 min. (D) Deconvolution of LC-MS spectrum estimated a molecular weight of 64,831.42 Da for ricin.
Figure 2: Pilot studies Hair regrowth of untreated (A) and ricin-treated BALB/C mice
(B) is compared. Untreated (C) HFs show normal ladder-like pattern (as indicated by arrowheads) and ricin-treated HFs show dystrophy (as indicated by arrowheads) in H&Estained mouse skin. Hair regrowth is compared 30 days after depilation in untreated skin
(E) and ricin-treated skin at low (0.4 μg, F), medium (4 μg, G) and high (40 μg, H) doses
in HE staining of histopathology samples. Untreated HFs appear normal (I) and abrintreated HFs appear dystrophic with less number of HFs (indicated by arrowheads) (J)
(scale: C, D: 100x; E-J: 40x).
Figure 3: Damage response of HFs to topical ricin treatment (A) Schematic representation. (B) Dystrophy score (p <0.0032**) (t-test, t(DF=A9) = 3.977) (n = 60 mice).
Data was analyzed using t-test (two-tailed) for paired samples (GraphPad Prism). (Error
bars, SEM). (C) Damage response of anagen-induced C57BL/6 mice back skin HF compared with untreated hair follicles (a-j) to topical ricin-treated HF (k-t) of the respective
animal (scale: a-e; h-j; k-o; r-t: 40x; f, g, p and q: 100x).
Figure 4: Human HF organ culture (A) Hair shaft elongation of ricin- and abrintreated HFs for 5 days. Data was analyzed using Mann–Whitney test for unpaired samples (GraphPad Prism) (n = 24) (Error bars, SEM). (B) For identiﬁcation of HF cycles by
H&E and DAPI staining, untreated (a and b; c and d) HFs and Eﬂornithine-treated (Ef
400 - m and n; Ef 1000 - o and p) are compared with Ricin- (R40 - e and f; R100 - g and h)
and Abrin-treated (Ab 40 - i and j; Ab 100 - k and l) HFs for morphological parameters.
Column 1 and 3 indicate H&E staining and column 2 and 4 indicate DAPI staining. The
number of DAPI+ cells below Auber’s line (an imaginary line that separates the HF
bulb at widest part of dermal papilla) indicates pluripotent stem cells with high mitotic
activity.
Figure 5: Skin histopathology H&E staining for subacute dermal toxicity. There is no
signiﬁcant change in ricin-treated sections when compared to untreated sections with
respect to inﬂammatory changes.
Table 1. Hair follicles were divided in seven groups with one control group (distilled water); eﬂornithine (two doses: 400 and 1,000 μg/mL); ricin (two doses: 40 and 100 μg/mL);
and abrin (two doses: 40 and 100 μg/mL).

Results & Discussion
Puriﬁcation of ricin:Ricin was puriﬁed by aﬃnity chromatography (Figure 1A), and
purity of pooled ricin fractions was assessed by SDS-PAGE (Figure 1B). LC-MS of aqueous extract of castor bean showed ricin peaks at 6.881 min (Figure 1C). Deconvolution
of LC-MS spectrum estimated a molecular weight of 64,831.42 Da for ricin (Figure 1D).
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Pilot studies to assess topical eﬀect of ricin and abrin: When compared to control patches (Figure 2A),hair regrowth on all the test patches of BALB/C mice was delayed and sparse (Figure 2B). The untreated hair follicles show normal ladder-like structure (Figure 2C). The diﬀerence in terms of inhibition of hair regrowth and hair follicle
dystrophy was visible in histological picture as early as 10 days after the topical application of ricin (Figure 2D). Histopathology sections studied from all the biopsies showed
no adverse reaction to other skin structures. All the ricin-treated sections after 30 days
of treatment showed dose-dependent reduction in number of hair follicles as compared
to the control (Figure 2E-H). Some of the hair follicles from the test samples appeared
empty, whereas some of them showed hair follicle dystrophy wherein the normal ladderlike structure of the hair shaft was disturbed. Similarly, as compared to control sections
(Figure 2I) abrin-treated sections show less number of HFs, and HF dystrophy (Figure
2J).
Assessment of hair follicle dystrophy caused by ricin in mice:Eﬀect of topical
treatment of ricin was assessed in C57BL/6 female mouse model, which is a standard
mouse model for hair growth studies (Figure 3A). Diﬀerence between the dystrophy
scores of normal healthy anagen hair follicles in control areas and the dystrophic anagen
or dystrophic catagen hair follicles in the test areas in each animal persisted throughout the study period of 20 days (p <0.0032**) (n=60 C57BL/6 mice) (Figure 3B). The HF
growth cycle appeared to be shortened with early recovery followed by dystrophic hair
follicles. In response to topical treatment of ricin for 10 days after inducing anagen by
depilation, instead of entering a new growth cycle with a healthy anagen as compared to
control section (Figure 3C(a)), the ricin-treated HFs immediately responded by showing
characteristic features of dystrophy on day 5 (Figure 3C(k)). All the HFs in test groups
at each time point showed various stages of dystrophic HFs with half of the HFs being in early dystrophic anagen VI. At each time point, the HFs of the control area of
the same animal showed healthy stage of HF growth cycle (Figure 3CA(a-j)). The ricintreated HFs showed classical features of chemotherapy induced HF dystrophy [13]such
as number of ectopic melanin granules, follicular and hair shaft distortion; and irregular diameter of hair bulbs (Supplementary Figure 2). The point should be noted that
these variations in HF growth stage and presence of HF dystrophy are observed in untreated and ricin-treated areas of the same animaland localized eﬀect of HF dystrophy
was achieved.
In vitro organ-cultured human HF studies:During the examination of cultured human HFs under a light microscope, HFs were assessed for changes in hair shaft elongation and classiﬁed according to classical parameters for hair cycle stage as described
by Müller-Röver and Klopper [14] [15]. Parameters for this classiﬁcation of hair follicle cycle stage were shape and size of hair matrix (HM) and dermal papilla (DP). The
human HFs in vitro responded to treatment of ricin in line with our ﬁndings in animal
studies. The hair shaft elongation was signiﬁcantly less in both groups of ricin- and
abrin-treated HFs with both the dose levels when compared to control group. (MannWhitney test for unpaired samples:ricin (R40 - p <0.0001***, R100 - p <0.0027**) and
abrin (AB40 - p <0.0003***, AB100 - p <0.0001***)) (Figure 4A). Ricin-treated HFs showed
classic parameters of dystrophic catagen induction whereas the hair follicles in control
group were healthy. Similarly, HFs treated with abrin too showed dystrophic catagen induction. Eﬂornithine-treated HFs are assessed for morphological parameters and compared with ricin and abrin-treated HFs. Eﬂornithine-treated HFs showed catagen induction. This observation was conﬁrmed with DAPI staining for presence of less number of
DAPI+ cells below Auber’s line (an imaginary line that separates the HF bulb at widest
part of dermal papilla, the region below this line contains pluripotent stem cells with
high mitotic activity and is the germination region) in ricin and abrin-treated group as
compared to control and eﬂornithine group (Figure 4B).Eﬀect of topical ricin and abrin
treatment in the form of dystrophy and reduced number of DAPI+ cells in this germination region indicates a possible mechanism of action on pluripotent stem cells.
Preclinical toxicological studies of ricin and abrin: Acute oral toxicity test of ricin
(200 μg/mL) solution were found to be safe at 2 mg/kg body weight. No clinical signs
of intoxication were observed in any animal till the end of the study and no mortality
observed. Acute dermal toxicity test (14 days) with ricin (200 μg/mL) was found to be safe
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at 2 mg/kg body weight. All the animals appeared normal and showed no clinical signs
of intoxication. No change in food consumption was observed. Subacute dermal toxicity
test (90 days) with ricin (200 μg/mL) and abrin (200 μg/mL) was found to be safe (Figure
5). All the animals appeared normal and showed no clinical signs of intoxication. No
change in food consumption was observed. No signiﬁcant diﬀerence in hematology
and blood chemistry parameters was observed in the test group as compared to the
control group (Supplementary Fig 1). The histopathology of liver, kidney, and heart did
not show any toxicity (Supplementary Fig.1). Ricin was found to be safe for sub-acute
dermal test for 90 days for a dose equivalent to human dose of 160 μg/kg each [16].
Discussion:It has been reported earlier that no dermal toxicity was observed during
skin tests on mice at 50 μg/spot [5]. Though ricin and related proteins were widely
considered to be dermally inactive earlier, our observations indicate the dermal role of
ricin and abrin in HF dystrophy at comparatively very low dose levels, resulting in hair
growth inhibition. Our observations during in vivo animal studies and in vitro human
HF organ culture studies indicate HF dystrophy induction by ricin. Observations during preclinical toxicology studies indicate that ricin by topical route of administration
at given dose level was found to be safe for use without adversely aﬀecting any other
skin structures.
Repeated induction of dystrophy may result in reduction of the regrowth of unwanted
HFs. Hence, we propose ricin to be a promising candidate for inhibiting growth of
unwanted hair follicles.
We propose that common molecular players involved in ricin-induced cell death and
those involved in growth modulation of hair follicle, such as IGF-1 [17] [18], IGFBP-3
[19], Lhx2 [20] [21] [22] [23], LIM/CLIM [24],and Wnt [25] [26] may be involved in
ricin-induced hair follicle dystrophy.
Current hair removal methods such as depilatory creams, plucking, shaving and
waxing of facial and body hair have numerous adverse reactions and neither of these
hair removal methods have any eﬀect on hair growth [27]. Our ﬁndings suggest topical
ricin formulations have potential to reduce the rate and character of hair growth,
oﬀering a long-lasting relief to the user.
The scientiﬁc ﬁndings of this study present a possibility of creating a new treatment for
unwanted hair, an unmet need in cosmetic industry.
So far, ricin was considered to be a toxic waste product of castor oil industry with no
therapeutic value. Moreover, in spite of numerous reports and articles denying it having any such potential to be weaponized [6] [7], it is perceived to be a weapon of mass
destruction, labeled as an ugly duckling and classiﬁed as Category B select agent [28].
With this new-found therapeutic potential by dermal route, this ugly duckling has matured and begun to look a little more like a swan.
These are preliminary observations showing the therapeutic potential of ricin and related proteins. The exact role of ricin on the molecular mechanisms of hair follicle is
not known; however, the present ﬁndings provide a preliminary basis to investigate
further the molecular mechanisms involved in HF dystrophy induced by ricin and related protein abrin. To propose a systematic molecular model of damage response of the
hair follicle to topical treatment, extensive studies with a suﬃciently large sample size
is needed.
Assessment of apoptotic vs. cytotoxic markers in the hair follicle culture experiments
would have been more insightful.
Dose-response analysis over a wide dose range is required to arrive at an optimum dose
range of ricin.
Further studies are planned to explore the clinical applicability of ricin and related proteins in hirsutism treatment.

Additional Information
Methods and Supplementary Material
Please see https://sciencematters.io/articles/201702000001.
This study was self-funded by ﬁrst author.

DOI: 10.19185/matters.201702000001

Matters (ISSN: 2297-8240) | 9

National Toxicology Center, Pune staﬀ; Dr. Avinash Pradhan (Histopathologist-KEM
Hospital, Pune); Maharashtra Medical Research Society, Pune and Dr. Dhanashree Bhide
and Dr. Sharad Mutalik (Joshi Hospital, Pune); Dr. Ghaskadabi’s lab (Agharkar Research
Institute, Pune), Dr. Ajeet Singh (CAMS, Venture Center, Pune).
Ethics Statement
All the animal experiments were approved by institutional animal ethics committee according to CPCSEA guidelines. The protocols to purify ricin and abrin were approved
by Institutional Bio-Safety Committee according to (Department of Biotechnology, Government of India) guidelines. The in vitro human HF organ culture protocol was approved by Institutional Ethics Committee of Maharashtra Medical Research Society,
Pune (India).

Citations
[1]

[2]

“The mechanism of action of ricin and related toxic lectins on
eukaryotic ribosomes. The site and the characteristics of the
modiﬁcation in 28 S ribosomal RNA caused by the toxins.” In:
262.12 (1987), pp. 5908–5912.
“Ribotoxic stress response: activation of the stress-activated
protein kinase JNK1 by inhibitors of the peptidyl transferase
reaction and by sequence-speciﬁc RNA damage to the
alpha-sarcin/ricin loop in the 28S rRNA.” In: 17.6 (1997),
pp. 3373–3381.

[3]

“Ricin A-chain requires c-Jun N-terminal kinase to induce
apoptosis in nontransformed epithelial cells”. In: 41.12 (2009),
pp. 2503–2510.

[4]

“Molecular regulation of insulin-like growth factor binding
protein-3 and its role in ribotoxic stress-induced apoptosis”. In:
(2008).

[16]

Ghosh and MN. “Toxicity studies”. In: Fundamentals of
experimental pharmacology 2 (1984).

[17]

Weger et al. “Igf-I signalling controls the hair growth cycle and
the diﬀerentiation of hair shafts”. In: Journal of Investigative
Dermatology 125.5 (2005), pp. 873–882.

[18]

Geier et al. “Induction of apoptosis in MDA-231 cells by protein
synthesis inhibitors is suppressed by multiple agents”. In: Cancer
investigation 14.5 (1996), pp. 435–444.

[19]

Weger et al. “Igfbp3 modulates cell proliferation in the hair
follicle”. In: Journal of investigative dermatology 125.4 (2005),
pp. 847–849.

[20]

Rhee et al. “Lhx2 maintains stem cell character in hair follicles”.
In: Science 312.5782 (2006), pp. 1946–1949.

[21]

Törnqvist et al. “Cyclic expression of lhx2 regulates hair
formation”. In: PLoS Genet 6.4 (2010), e1000904.

[5]

Wannemacher et al. “Inhalation ricin: aerosol procedures, animal
toxicology, and therapy”. In: Inhalation toxicology (2005),
pp. 973–979.

[22]

Rodriguez-Esteban et al. “Lhx2, a vertebrate homologue of
apterous, regulates vertebrate limb outgrowth”. In: Development
125.20 (1998), pp. 3925–3934.

[6]

Franz et al. “Ricin toxin”. In: Medical aspects of chemical and
biological warfare (1997), pp. 631–642.

[23]

[7]

Schep et al. “Ricin as a weapon of mass terror-Separating fact
from ﬁction”. In: Environment international 35.8 (2009),
pp. 1267–1271.

Anoop Kumar et al. “EFFECT OF RICIN ON REGENERATION
BLASTEMA OF LIZARD, HEMIDACTYLUS FLAVIRIDUS
RUPPELL”. In: Indian journal of experimental biology 31.7 (1993),
pp. 632–635.

[24]

Kondhalkar M.B. and Parab P.B. “7th World Congress for Hair
Research Abstracts”. In: Journal of Investigative Dermatology
133.5 (May 2013), p. 1410. doi: 10.1038/jid.2013.110.
url: http://dx.doi.org/10.1038/jid.2013.110.

Xu et al. “Co-factors of LIM domains (Clims/Ldb/Nli) regulate
corneal homeostasis and maintenance of hair follicle stem cells”.
In: Developmental biology 312.2 (2007), pp. 484–500.

[25]

Stenn et al. “Controls of hair follicle cycling”. In: Physiological
reviews 81.1 (2001), pp. 449–494.

Haegebarth et al. “Wnt signaling, lgr5, and stem cells in the
intestine and skin”. In: The American journal of pathology 174.3
(2009), pp. 715–721.

[26]

[10]

Fodstad et al. “Phase I study of the plant protein ricin”. In: Cancer
research 44.2 (1984), pp. 862–865.

Jaks et al. “Lgr5 marks cycling, yet long-lived, hair follicle stem
cells”. In: Nature genetics 40.11 (2008), pp. 1291–1299.

[27]

[11]

Olsnes et al. “Toxic lectins and related proteins”. In: Molecular
action of toxins and viruses 2 (1982), pp. 51–105.

Azziz et al. “Idiopathic hirsutism 1”. In: Endocrine reviews 21.4
(2000), pp. 347–362.

[28]

Audi et al. “Ricin poisoning: a comprehensive review”. In: Jama
294.18 (2005), pp. 2342–2351.

[12]

Blume-Peytavi et al. “Unwanted facial hair: aﬀects, eﬀects and
solutions”. In: Dermatology 215.2 (2007), pp. 139–146.

[29]

[13]

Hendrix et al. “A guide to assessing damage response pathways
of the hair follicle: lessons from cyclophosphamide-induced
alopecia in mice”. In: Journal of investigative dermatology 125.1
(2005), pp. 42–51.

Miller et al. “Forensic determination of ricin and the alkaloid
marker ricinine from castor bean extracts”. In: Journal of Forensic
Science 46.5 (2001), pp. 1033–1042.

[30]

Müller-Röver et al. “A comprehensive guide for the accurate
classiﬁcation of murine hair follicles in distinct hair cycle stages”.
In: Journal of Investigative Dermatology 117.1 (2001), pp. 3–15.

Appukuttan et al. “Separation of polypeptide chains of ricin and
the interaction of the A chain with cibacron blue F 3 GA”. In:
Biochimica et Biophysica Acta (BBA)-Protein Structure 580.1
(1979), pp. 10–14.

[31]

Kumar et al. “α-D-galactose-speciﬁc lectin from jack fruit (A
rtocarpus integra) seed”. In: Journal of Biosciences 4.3 (1982),
pp. 257–261.

[32]

Simmons et al. “A single aﬃnity column step method for the
puriﬁcation of ricin toxin from castor beans (Ricinus communis)”.
In: Analytical biochemistry 146.1 (1985), pp. 206–210.

[8]

[9]

[14]

[15]

Kloepper et al. “Methods in hair research: how to objectively
distinguish between anagen and catagen in human hair follicle
organ culture”. In: Experimental dermatology 19.3 (2010),
pp. 305–312.

[33]

Kumar et al. “Puriﬁcation and Biochemical Characterisation of
Ricin from Castor Seeds”. In: Defence Science Journal 54.3 (2004),
p. 345.

[34]

Bagaria et al. “Structure-function analysis and insights into the
reduced toxicity of Abrus precatorius agglutinin I in relation to
abrin”. In: Journal of Biological Chemistry 281.45 (2006),
pp. 34465–34474.

[35]

morphogenesis”. In: Journal of Investigative Dermatology 113.4
(1999), pp. 523–532.

van der Veen et al. “A comprehensive guide for the recognition
and classiﬁcation of distinct stages of hair follicle

11

[36]

Philpott et al. “Human hair growth in vitro”. In: Journal of cell
science 97.3 (1990), pp. 463–471.

[37]

Kloepper et al. “Methods in hair research: how to objectively
distinguish between anagen and catagen in human hair follicle
organ culture”. In: Experimental dermatology 19.3 (2010),
pp. 305–312.

