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Abstract

Uncaria tomentosa presents tomentum that resembles cat’s claws, hence its common name, is a
plant that produces various secondary metabolites that are traditionally used in alternative medi-
cine. The natural distribution of this species has been affected by indiscriminate harvesting from its
habitat. In the present research, cryopreservation (liquid nitrogen, LN, -196°C) was evaluated as an
option for ex situ conservation of this species. The following techniques were evaluated: vitrification
and encapsulation-dehydration of apices, vitrification of cell suspensions, and seed desiccation
and vitrification. Preculture conditions and exposure times to LS and PVS2 were evaluated. Apex
survival was the highest (82%) with preculture in 0.25 M sucrose followed by incubation for 20
and 30 min in LS and PVS2, respectively, prior to cooling in LN. The encapsulation-dehydration
technique was evaluated by using sucrose preculture and different capsule moisture contents.
Survival of apices cooled in LN was not significantly different between treatments and varied from
31.8% to 52.9% for capsule moisture contents between 22.7% and 20.3%. For cell suspensions
precultured in 0.5 M sucrose, cell multiplication and formation of calli with very good appearance
were observed in 61.1% of the cultures following vitrification. For cryopreservation of seeds,
germination was 89.5% using the desiccation technique and 67.6% t078.1% using vitrification.
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1. Introduction

Uncaria tomentosa, commonly known as cat’s claw, is widely used in traditional medicine in some countries
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because it produces a great variety of alkaloids with positive effects for the prevention and treatment of some
diseases. Anticancer [1]-[4] and anti-inflammatory [5]-[7] metabolites have been reported. Due to its popularity,
considerable volumes of cat’s claw are sold in international markets [8]. Products containing extracts of cat’s
claw are sold in more than 30 countries in different forms, such as tea, tablets or capsules. A major problem with
this species is that there are few plantations, and intensive harvesting from forests is affecting its natural distri-
bution [9]. Biotechnology offers useful tools for mitigating this situation, including large scale in vitro clonal
propagation, the optimization of bioprocesses for metabolite production [10] and the conservation of high-in-
terest species [11].

Among the various procedures for germplasm conservation, cryopreservation allows storage of live organisms
in a state of suspended animation for extended periods at ultralow temperature, generally using liquid nitrogen
(LN, —196°C). This technique is especially useful for the preservation of plant material with recalcitrant seeds
and of laboratory-generated material such as meristems, apices and cells [12].

The encapsulation-dehydration procedure consists of coating the explants to be conserved in calcium alginate
to form artificial seeds. This facilitates the manipulation of delicate tissues, provides physical protection during
the dehydration, cooling and warming processes [13] [14], protects against the toxic effects of cryoprotectants in
vitrification solutions and does not require expensive programmable freezers [15] [16].

The vitrification technique consists of dehydration of the tissues of interest by exposure to solutions with high
osmotic potential. These are very concentrated cryoprotectant mixtures known as PVS formulations (Plant Vitri-
fication Solution) composed of substances such as sucrose, glycerol, polyethylene glycol and DMSO which faci-
litate the vitreous transition when samples are plunged into LN. Programmable freezers are not required for this
technique [17]-[19].

This is the first report of protocols for the cryopreservation of U. tomentosa seeds and cell suspensions using
vitrification and for apex preservation using encapsulation-dehydration and vitrification.

2. Materials and Methods
2.1. Plant Material

U. tomentosa was established in vitro by using methods developed by Alvarenga (2010). Seeds were disinfected
in a solution of 5 g-L " Benlate® and 5 g-'L"* Agri-mycin® for 40 min with agitation, washed three times with
distilled water, then immersed in a 3.14% sodium hypochlorite solution for 15 min followed by three washes in
sterile distilled water. Five or six seeds per jar were inoculated onto 20 ml MS culture medium [20] with 30
gL sucrose, pH 5.7 and 3.3 g-'L ™" Phytagel®. Cultures were maintained at 25°C + 2°C, with a photoperiod of
16 h (low diffuse light, 500 luxintensity)/8h dark. After seeds germinated and shoots reached a length of 2 to 3
cm, the multiplication stage was initiated on recovery medium (the culture medium described for seed germina-
tion enriched with 1 mg-L™ gibberellic acid (AG3) and 1 mg-L™ calcium pantothenate), under a light intensity
of 2000 lux. In vitrification and encapsulation-dehydration experiments, apices were excised from developed
plants 2 or 3 weeks after the last multiplication.

2.2. Apex Vitrification

Vitrification protocols developed by Sakai et al. [21] were used. Apices were isolated and precultured in in-
creasing concentrations of sucrose, followed by incubation for 20 min in Loading Solution (LS, liquid MS me-
dium supplemented with 0.4 M sucrose and 2 M glycerol), then incubated in 100% PVS2 vitrification solution
(30% glycerol, 15% ethylene glycol, 15% DMSO and 0.4 M sucrose in culture medium) for several periods.

In the present study, two preculture treatments were evaluated: 0.25 M sucrose for 24 h and 0.25 M sucrose
for 24 h followed by 0.5 M sucrose for 24 h on solid multiplication medium. For each preculture treatment, apex
survival was evaluated after 4 weeks on recovery medium. To evaluate the effect of incubation time in LS, after
each period of preculture in sucrose, apices were transferred to 1.2 mL polypropylene cryotubes and incubated
in 1 mL of LS for 0, 10, 20 or 30 min at 0°C, then cultured on recovery medium (described previously) on filter
paper for 1 week in the dark, then transferred to diffuse light (500 lux) at 25°C * 2°C. For evaluation of the sub-
sequent steps in the cryopreservation process, apices were incubated in LS for 10 and 20 min, after which LS
was eliminated using a sterile dropper and 1 mL PVS2 vitrification solution was added. Apices were incubated
for 10, 30 and 50 min at 0°C. After each incubation period, PVS2 was replaced with 1 mL of fresh PVS2 and
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apices were immersed in LN for 1 h. Cryovials containing apices were warmed in a water bath at 40°C for 2 min.
The PVS2 was then eliminated from the cryovials using a sterile dropper and apices were washed twice for two
min with MS medium supplemented with 1.2 M sucrose. Apices were placed in Petri plates on filter paper to
eliminate excess washing medium and then placed on recovery medium enriched with 0.5 M sucrose for 48 h in
darkness. After this period, apices were transferred to recovery medium and cultured at 25°C + 2°C in darkness
for 1week, then under diffuse light until shoot formation. Survival was evaluated after 2 weeks. All experiments
consisted of 10 experimental units (apices) with three repetitions per treatment. Data were analyzed using means
comparison by multiple factor ANOVA using the R program.

2.3. Apex Encapsulation-Dehydration

The encapsulation-dehydration technique was evaluated for apex cryopreservation using the protocol developed
by Fabre & Dereuddre [22], which consists of encapuslation in calcium alginate, preculture in liquid medium
with high sucrose concentration and partial dehydration of capsules prior to cooling in LN. In this study, apices
were isolated and cultured on recovery medium for 24 h in darkness, then encapsulated in calcium alginate.
Apices were placed in liquid MS culture medium with 3% sodium alginate without calcium. Using a sterile
transfer pipette, apices were transferred to liquid MS medium with 100 mM CacCl,, where they remained for 20
min for alginate polymerization and capsule formation. Encapsulated apices were transferred to sterile filter pa-
per in Petri plates to drain excess moisture, and then incubated in liquid MS culture media with increasing con-
centrations of sucrose (0.3 M; 0.4 M; 0.5 M; 0.6 M; 0.7 M and 0.8 M) for 24 h each with agitation at 100 rpm at
25°C £ 2°C in darkness. After each incubation period, capsules were transferred to sterile filter paper in Petri
plates to eliminate excess moisture before culturing on recovery medium for 1week in darkness, then in diffuse
light (500 lux) at 25°C * 2°C. Survival was evaluated after 4 weeks.

Capsule moisture content was determined after drying under the sterile air flow in a transfer chamber (data
not shown) and a dehydration curve was established. Using the dehydration curve, two drying periods (3 and 3.5
h) corresponding to capsule moisture content of approximately 20% were selected. Encapsulated apices were
dehydrated. One half of the encapsulated apices were cultured on recovery medium (—LN) and the remaining
capsules were placed in 2 mL polypropylene cryotubes and immersed in LN (+LN) for 1h. Capsules were re-
warmed quickly by plunging cryotubes in a 40°C water bath for 2 min. After each stage in the process, encapsu-
lated apices were cultured on recovery medium at 25°C * 2°C in darkness for the first week, then in diffuse light
for shoot induction. Survival was evaluated after 4 weeks. All treatments were repeated three times with 10 ex-
perimental units in each treatment. The experiment was repeated twice. Statistical analyses were performed us-
ing the general linear model procedure in the R program.

2.4. Vitrification of Cell Suspensions

Calli were established using the protocol developed by Alvarenga [9]. Leaf segments (1 cm?) from in vitro
plants were placed on Gamborg B5 base medium [23] supplemented with 2 mg-L™* 2,4-D, 1 mg-L™* IBA, 30
gL sucrose, 8.4 g-L " agar, pH 5.7 (callus induction medium). Cultures were maintained in darkness at 25°C
2°C for four weeks until friablecalli were obtained.

To initiate cell suspensions, 2.5 g callus were placed in 125 mL Erlenmeyer flasks containing 25 mL Gam-
borg medium complemented with 1 mg-L ™ 2,4-D, 0.5 mg-L™ IBA, 20 g'L™* sucrose, pH 5.7 (cell suspension
medium). Cultures were maintained at 25°C + 2°C for one week with a photoperiod of 16 h light (2000 lux) in
an orbital shaker at 90 rpm. For maintenance and multiplication, suspensions were subcultured every 7 days,
based on the growth curve (data not shown). A packed cell volume (PCV) of 7.5 mL was subcultured in 17.5
mL of fresh cell suspension medium in 125 mL Erlenmeyer flasks under the conditions described previously for
suspension induction.

Once conditions for cell suspension culture and maintenance were established, cryopreservation treatments
were tested. Suspensions were precultured for 24 h with agitation in cell suspension culture medium enriched
with sucrose (0.15 M or 0.50 M). After preculturing, 950 uL aliquots of the suspension were transferred to 1.5
ml polypropylene cryovials at 0°C and 50 uL. DMSO was added to each cryovial. Suspensions were incubated
for 1 h, then immersed rapidly in LN and held in LN for 1 h. Cryotubes were removed from LN and warmed in a
40°C water bath for 2 min.

For recovery, suspensions were placedoncallus induction medium on sterile filter paper. The paper and cells
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were transferred to fresh culture medium after 1 h, 24 h and 48 h to eliminate DMSO residues, then subcultured
on fresh medium every 4weeks. Cultures were maintained at 25°C = 2°C in darkness. Survival was evaluated
after one month as the percentage of cultures showing re-growth of cells.

Cell viability was analyzed using Evans blue stain [24] [25]. Immediately after each treatment, 500 pL treated
cells were placed in 1 mL Eppendorf tubes and incubated with 50 pL Evans blue for 10 min, then centrifuged at
1000 rpm for 10 min. The supernatant was discarded and 500 uL sterile distilled water was added and manually
agitated. A 15 pL sample was placed on a microscope slide and observed using a 10X light microscope to de-
termine viability. Unstained cells were considered viable. Regeneration and viability tests were applied at each
stage of the cryopreservation process with three repetitions.

2.5. Cryopreservation of Seeds

Cat’s claw fruits were collected in order to extract seeds were extracted and seeds stored in a hermetically sealed
glass bottle at 5°C for 2 months. Two methods of cryopreservation of seeds were evaluated: dehydration and vi-
trification. For the first method, seed moisture content was determined by the method recommended by ISTA
[26], using 18 samples of 1000 seeds (approximately 0.1 g of seeds per sample). Seeds were immersed rapidly in
LN and survival was determined as percent germination after 4 weeks. For vitrification experiments, 70 seeds
were used per treatment. Incubation times in LS (0, 10 and 20 min) and PVS2 vitrification solution (0, 25 and 50
min) were evaluated. All treatments included a non-cryopreserved control. Seeds of U. tomentosa were placed in
1 mL polypropylene cryovials at 0°C and 1 mL LS was added. After each incubation period the solution was re-
placed with 1 mL PVS2. Seeds were cryopreserved by immersing the cryotubes in LN for 1 h, and then warmed
by incubating in a 40°C water bath for 5 min. After warming, the vitrification solution was eliminated and seeds
were washed three times for 2 min each with basic MS culture medium with 1.2 M sucrose at ambient tempera-
ture. Finally, seeds were placed in Petri plates for germination on three layers of paper towel with abundant wa-
ter with a photoperiod of 16 h light (diffuse light 500 lux intensity)/8h dark at 25°C + 2°C. Survival was eva-
luated after 6 weeks as the number of germinated seeds per plate. Each seed was an experimental unit and each
treatment consisted of 70 experimental units with three repetitions. Data were compared using the General Li-
near model and multiple factor ANOVA.

Seed survival was also evaluated using 2,3,5-triphenyl tetrazoliumchloride (TTC) staining [27], in which
red-stained seeds were considered viable. Ten seeds of each treatment described previously were placed on three
layers of paper towel moistened with distilled water in a Petri plate for 24 h. Seeds were then transferred to a
new plate with distilled water with 3% sucrose (m/v) for an additional 48 h at 30°C in darkness. Seeds were in-
cubated in a 1% solution of TTC for 72 h under the same conditions, then observed using a stereomicroscope to
count the number of viable stained seeds. Staining experiments were repeated five times.

2.6. Evaluation of Survival

Apex survival was evaluated as the percentage of green apices showing signs of growth at the time of evaluation,
as recommended by Pence et al. [28]. Brown or darkened apices were considered dead. Two methods were used
to evaluate survival of cell suspensions: re-growth of callus, and cell viability as determined by the presence of
unstained cells after exposure to Evans blue. Seed survival was evaluated as percent germination and percent
viability as determined by TTC staining (viable seeds were stained red).

3. Results
3.1. Apex Vitrification

Sucrose preculture treatments had no negative effect and apex survival after preculture was 100%. After incuba-
tion in LS for 10, 20 or 30 min, survival of apices precultured in 0.25 M sucrose for 24 h was 100, 95.5 and
95.5%, respectively, and approximately 90% for apices precultured in 0.5 M sucrose for an additional 24 h (Data
not shown). Significant differences between means were not observed, and interactions between LS exposure
time and preculture conditions were not significant (p = 0.33) using multiple factor ANOVA.

Using combined data for apices incubated in LS for 10 and 20 min followed by incubation for 10, 30 and 50
min in PVS2 vitrification solution, apex survival was observed to decrease with increasing exposure durations to
PVS2, with a more marked decrease in survival when apices were precultured in 0.25 M sucrose for 24 h

(Figure 1).
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Figure 1. Effect of vitrification treatments on survival of cat’s claw apices (U. tomentosa) with (+LN) and without (—=LN)
cooling in liquid nitrogen. Survival evaluated after 1 week of culture on recovery medium.

The most important interactions affecting apex survival were incubation in PVS2 (p = 4.30 x 10°) and pre-
culture in sucrose (p = 4.76 x 10*). Differences were highly significant with respect to other factors (p < 0.05).
Survival of cryopreserved apices (+LN) was highest (82.2%) for apices precultured in 0.25 M sucrose for 24 h,
followed by incubation in LS for 20 min and PVS2 for 30 min (Figure 1).

3.2. Apex Encapsulation-Dehydration

Apex survival was not significantly different after isolation and encapsulation (92.0% and 94.2%, respectively).
Survival of encapsulated apices precultured in increasing concentrations of sucrose (MS with 0.3, 0.4, 0.5, 0.6,
0.7 and 0.8 M sucrose) for 24 at each concentration, was greatest with treatments PT4 (MS + 0.3, 0.4, 0.5 and
0.6 M sucrose for 24 h at each concentration) and PT1 (0.3 M for 24 h), (78.0% and 71.4%) respectively. Dif-
ferences in survival were not significant between PT2 (MS + 0.3 and 0.4 M sucrose for 24 h each) andPT3 (MS +
0.3, 0.4 and 0.5 M sucrose for 24 h each) (58.1% and 59.5% respectively) (Data not shown).

The moisture content of encapsulated apices was 22.7% and 20.3% after drying for 3.0 and 3.5 h, respectively
(moisture curve not shown). These drying periods were evaluated with the preculture treatments which had pre-
viously shown the highest survival (PT4, PT1 and PT2, 47%, 64% and 60% respectively). In general, a decrease
in apex survival was observed after dehydration. Survival was lowest for dehydrated encapsulated controls
without sucrose pretreatments (PTO, 47%) (Figure 2).

After LN exposure, survival was statistically similar among all treatments and moisture contents evaluated.
Survival ranged from 31.8% for PTO (encapsulated apices without sucrose pretreatment and dehydrated to
22.7%) to 52.9% for PT2 (MS + 0.3 M and 0.4 M sucrose, 24 h at each concentration and the same water con-
tent) (Figure 3 & Figure 4).

3.3. Vitrification of Cell Suspensions

Both sucrose pretreatments (0.15 M and 0.5 M) alone or in combination with DMSO resulted in high survival
and cell multiplication (Table 1). After cooling in LN, regrowth of cells and callus formation were observed in
61.1% of the cultures pretreated in 0.15 M and 0.50 M sucrose for 24 h and 5% DMSO for 1 h; however, calli
pretreated with 0.5 M sucrose showed better cell growth (Figure 5).

Analysis of cell viability using Evans blue stain (Table 1) showed that preculture with different sucrose con-
centrations had little effect on viability; however, the subsequent steps of the cryopreservation process (pre-
treatment with 5% DMSO and LN exposure) resulted in a drastic reduction in viability. Although cell regrowth
and viability were similar, linear regression analysis showed a 40.7% correlation between the two data groups,
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Figure 2. Survival of encapsulated cat’s claw apices (Uncaria tomentosa) without LN exposure (=NL): PTO
(no sucrose preculture), PT1 (precultured in 0.3 M sucrose for 24 h), PT2 (precultured in 0.3 M sucrose +
0.4 M sucrose for 24 h at each concentration) and PT4 (preculture in 0.3 M sucrose + 0.4 M sucrose + 0.5 M
sucrose + 0.6 M sucrose for 24 h at each concentration). Survival was evaluated after 4 weeks on recovery
medium. Means with the same letter are not significantly different (p < 0.05).
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Figure 3. Survival of encapsulated apices of cat’s claw (Uncaria tomentosa) precultured in sucrose, desic-
cated under sterile air flow and immersed in LN (+LN): PTO (without sucrose preculture), PT1 (preculture
in 0.3 M sucrose for 24 h), PT2 (preculture in 0.3 M sucrose + 0.4 M sucrose for 24 h at each concentration)
and PT4 (preculture in 0.3 M sucrose + 0.4 M sucrose + 0.5 M sucrose + 0.6 M sucrose for 24 h at each
concentration). Survival was evaluated after 4 weeks on recovery medium. Means with the same letter are
not significantly different (p < 0.05).

Figure 4. Regeneration of encapsulated cat’s claw apices (Uncaria tomentosa) precultured in (a) PT1 (MS +
0.3 M sucrose for 24 h), (b) PT2 (MS + 0.3 M + 0.4 M sucrose for 24 h at each concentration), (c) PT4
(MS + 0.3 M, 0.4 M, 0.5 M, 0.6 M sucrose for 24 h at each concentration). Recovery after LN exposure
evaluated after 4 weeks on recovery medium.
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Figure 5. Growth of cat’s claw cells (Uncaria tomentosa) on recovery media after preculture in sucrose for 24 h, pretreat-
ment with 5% DMSO for 1 h and cooling in LN. Preculture in (a) 0.15 M sucrose, (b) 0.50 M sucrose. Growth evaluated af-
ter 4weeks on callus induction medium.

Table 1. Callus formation and cell viability in cat’s claw (Uncaria tomentosa) cultures after preculture in sucrose, pretreat-
ment with 5% DMSO without (~LN) or with (+LN) LN exposure.

Preculture in sucrose Incubation in DMSO Re-growth of cells/culture (%) + S.E. Viable cells/field of view (%) £ S.E.
() ) ~NL +NL ~NL +NL
0 722+28 - 923+6.5
0.15
5 722+28 61.1+39 73.7+135 30.1+73
0 61.1+39 - 758+1.0
0.50
5 722+28 61.1+39 584+76 220+58

as shown by the Pearson coefficient (R* = 0.407).

3.4. Cryopreservation of Seeds

Germination of seeds with a moisture content of 8.7% * 1.84% was 92.5%. After LN exposure, germination was
89.5%. Using the vitrification method for seed storage, the factor with the greatest significantly positive effect
on seed survival was exposure to LS for 20 min (p = 0.0131). Exposure to LS for 10 min was not as effective
unless followed by incubation in PVVS2 for 50 min (p = 0.0290) (Figure 6). Survival of seeds incubated in LS
for 20 min increased with incubation in PVS2 (70% and 78% survival after incubation in PVS2 for 0 or 25 min,
respectively). However, survival decreased with exposure to PVVS2 for 50 min (Figure 6 & Figure 7). Although
seed germination after vitrification was high, values were lower than those observed with desiccation and rapid
cooling in LN (Table 2). No correlation was observed between seed germination and viability as determined by
TTC staining (R? = 0.0).

4. Discussion

For cryopreservation of apices, preculture in sucrose and incubation in PVVS2 were the most important factors.
As shown by Suzuki et al. [29], osmotic compounds are able to transmit signals that induce tolerance to dehy-
dration, thereby providing greater tolerance to LN exposure. The sucrose concentrations evaluated in this study
(0.25 and 0.50 M for 24 h each) coincide with those used by Ching et al. [30] for storage of protocorms of Den-
drobium spp. in LN. Sucrose is the most frequently used carbon source in culture media for plant growth and is
also widely used as an osmaotic in cryoprotection to stabilize cell membranes and maintain tissue turgor [31].

In this study, incubation in PVVS2 had a positive effect on survival of cryopreserved apices; however, survival
decreased with increased exposure duration to the solution. When the vitrification technique is used, control of
exposure times and concentrations of the compounds in vitrification solutions is recommended [32], since long
incubation times may lead to tissue deterioration due to excessive dehydration and toxicity. PVS2 solution con-
sists of a mixture of cryoprotectants such as glycerol, sucrose, ethylene glycol and DMSO which prevent the for-
mation of ice crystals in tissues during rapid cooling [33]. However, depending on the explant and the exposure
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Figure 6. Response of control (—LN) and cryopreserved (+LN) cat’s claw (Uncaria
tomentosa) seeds using the vitrification technique. Germination was evaluated 6
weeks after warming.

Figure 7. Germination of cat’s claw (Uncaria tomentosa) seeds cryopreserved in
liquid nitrogen (NL) using the desiccation technique. Germination was evaluatedafter
6 weeks on germination culturemedium.

Table 2. Viability and regeneration of cat’s claw (Uncaria tomentosa) seeds without (~LN) or with (+LN) LN exposure, as
determined by triphenyltetrazolium chloride (TTC) staining.

Cryopreservation treatments Viability (%) + S.E. (%) Germination (%) £ S.E.

LS (min) PVS2 (min) -NL +NL ~NL +NL

0 740+49 64.0+4.9 925+16 89.5+26
78.0£49 54.0+4.9 815+2.9 71.4+39

10 25 68.0+4.9 60.0+4.9 724+48 67.6+4.2
50 72.0+49 54.0+4.9 64.0+5.2 73.8+3.1

0 48.0+49 64.0+4.9 733+55 71.9+46

20 25 64.0+49 70.0£4.9 71.9+46 781+17
50 62.0+4.9 58.0+4.9 776+7.1 70.8+3.2

“S.E. Standard Error. Means with the same letter are not significantly different (p < 0.05).
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time, cytotoxic effects may be encountered. Modification of the composition of the vitrification solution by in-
creasing or reducing concentrations of its components should be based on the response of the tissues to be pre-
served [34]-[36].

For encapsulation-dehydration, an optimum range of 20% - 30% moisture has been recommended by many
authors for explants encapsulated for cryopreservation, regardless of the species [16] [18]. Moisture content
within this range allows vitrification of cell contents during LN exposure without the formation of lethal ice
crystals [37]. The moisture contents obtained in the present study were within this optimum range and based on
the results, the vitrification process was adequate.

Osmotic dehydration has a basic cryoprotective function as it allows gradual tissue dehydration by concen-
trating solutes in the cell cytoplasm without drastic water losses over a short time period [38]. During the
process, samples are placed in a solution with greater osmotic pressure, which simultaneously causes diffusion
of water from the sample towards the solution and solutes towards the sample [39] [40]. The most commonly
used osmotic agents are glucose, inositol and sucrose; however, sucrose is considered to be the best cryoprotec-
tant agent [15] [41] [42]. Although sucrose has an important function in cryopreservation, some treatments can
be harmful, either because of the concentration or the exposure time in different preculture media. High concen-
trations of sucrose can increase the formation of phenolic compounds in explants and promote wilting through
oxidation, thereby reducing survival [19] [43]. This appears to have occurred in the present study, as survival
decreased with additional incubation at higher sucrose concentrations (PT4, 0.3, 0.4, 0.5 and 0.6 m sucrose for
24 h each), with respect to the treatment that included only preculture at 0.3 and 0.4 M sucrose for 24 h at each
concentration and dehydration to 22.7% moisture prior to LN exposure.

Moisture content is important at the cellular level for phospholipid arrangement and protein shape. However,
physiological moisture content can produce lethal ice crystals during cooling in LN as well as during warming
[41] [44]. The moisture contents evaluated in this study were adequate for survival of cat’s claw apices. These
results are consistent with research obtained by Gupta and Reed [45] for cryopreservation of blackberry and
raspberry. These authors observed a correlation between moisture content and survival of encapsulated apices,
with maximum survival at moisture content near 20%.

Quiaochum et al. [42] showed that the increase in survival of tissues precultured at high concentrations of an
osmoticum was due to the increase in the concentration of soluble proteins and sugars in treated tissues, which
facilitated vitrification of the intracellular contents when the temperature was lowered. Optimization of exposure
periods and concentrations of sucrose or other osmoticums used as additives to stimulate adaptation and resis-
tance to cryopreservation must be genotype-specific [41]. Multiple variations of preculture conditions should be
evaluated for each species.

Survival of cells cryopreserved in the elongation stage is unlikely because the highly hydrated state favors
intracellular freezing and the formation of lethal ice crystals. Ice crystals cause mechanical damage to the cells,
while osmotic stress produces an imbalance of available water in the cytoplasm [46] [47]. For these reasons, the
use of cells in the early exponential phase, when intracellular solutes are more concentrated and cells are smaller,
is recommended for cryopreservation of cell suspensions [48] [49].

Survival and proliferation of cryoperserved cells varies depending on the mixture and concentrations of cryo-
protectants used in pretreatments. In this study, preculture in 0.15 and 0.5 M sucrose for 24 h followed by incu-
bation in 5% DMSO resulted in a high rate of survival, as evaluated by cell regrowth and staining with Evans
blue. However, cells precultured in 0.5 M sucrose showed faster and more vigorous growth during recovery af-
ter LN exposure, which indicated that cells that withstood this treatment were better prepared for cooling and
warming.

According to Aguilar et al. [48], a combination of two cryoprotectants is more effective than only one. A non-
penetrating cryoprotectant such as sucrose tends to be used in association with a penetrating cryoprotectant such
as DMSO [50], and various studies have shown that the mixture of these two cryoprotectants is very efficient
[49]. Sucrose promotes rapid cell dehydration and DMSO inhibits the formation of ice crystals that could rup-
ture the membrane. Results obtained in the present study are similar to those reported by Hermoso and Méndez
[51] for Coffea arabica, which belongs to the same family as U. tomentosa (Rubiaceae). These authors found
that the use of 0.15 M sucrose and 5% DMSO was the best treatment for cryopreservation of suspensions of
coffee. Similar results were obtained by Aguilar et al. [48] with this combination of cryoprotectants for Citrus
deliciosa.

Dehydration is the simplest procedure for cryopreservation since it consists of dehydrating explants and then
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cooling them rapidly by direct immersion in LN. This technique is mainly used with seeds, zygotic embryos or
embryonic axes extracted from seeds, and has been applied to a large number of recalcitrant and intermediate
species [18] [52]. In the present study, the moisture content of cat’s claw seeds used for cryopreservation was
8.7% and germination was 89.5% after cooling in LN. These results indicate that the seeds with stand drying to
relatively low moisture content which allows the seed to survive after LN exposure. These results are similar to
those obtained with coffee seeds and embryos [53]-[55].

Using the vitrification technique for cryopreservation of seeds, exposure to LS for 20 min was the main factor
affecting survival in the present study. Seeds subjected to vitrification survived cooling in LN, but vitrification
was not more effective than desiccation. Germination was lower using vitrification and the requirements for la-
bor and materials were much higher. These results coincide with those obtained by Prada et al. [56] for the
cryopreservation of seeds and embryos of Jatropha curcas in which survival and development were better for
seeds that were subjected to desiccation only.

Staining methods are frequently used to determine viability of cells and tissues that have been subjected to
various stress factors, including LN exposure. Staining is fast and inexpensive and results can be used to predict
the success of treatments [57] [58]. Staining with triphenyltetrazolium chloride (TTC), a colorless compound
that is reduced to red-colored formazan by dehydrogenase enzymes in the mitochondria of living cells, is used
mainly in seeds, embryos and meristems; however, the reliability of this test can be affected by other inorganic
reactions that increase the production of formazan [58] [59]. The viability test using Evans blue allows differen-
tiation of live and dead cells based on the selective permeability of the cellular membrane. As the stain cannot
cross the membrane of living cells, only damaged or dead cells take on the blue color [24] [25] [60]. In this
study, staining to determine viability showed survival of both cells and seeds cryopreserved in LN; however, in
all cases, viability as determined by germination and re-growth of cells was higher than that shown by staining,
confirming that the staining tests can only be used as a guideline.

According with results obtained on this study, cryopreservation of apex, seeds and cells is possible, and tech-
niques usually used in other species are effective on Uncaria tomentosa.
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