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Available sustainable alternatives 
replace endangered animal horn 
based on their proteomic analysis 
and bio-effect evaluation
Rui Liu1,2,3,*, Fei Wang4,5,*, Qiong Huang6,*, Jin-ao Duan1,3, Pei Liu1,3, Erxin Shang1,3, 
Dong Zhu2, Hongmei Wen1,2 & Dawei Qian1,3

The use of endangered animal products in traditional Chinese medicine (TCM) and other ethno-
medicines is culturally widespread across many regions of Asia. In the present study, traditional 
efficacies of seven types of animal horn including antipyretic, sedative and procoagulant activities were 
evaluated. Shotgun proteomic analysis was performed on material from horns following separation into 
soluble and insoluble fractions. Over 200 proteins were identified in each sample using nano LC-MS/MS,  
and these were classified according to their molecular function and cellular component using principal 
component analysis (PCA). The results indicated that seven horns showed antipyretic, sedative and 
procoagulant effect. Proteomic analysis showed that YH and WBH were similar to RH in terms of 
protein profile, and GH was similar to SAH. In addition, YH and GH were similar to RH in their cellular 
component classification profile. PCA based on the composition of keratin and keratin-associated 
proteins showed that constituents of WBH and GH were similar to RH and SAH, respectively. This is the 
first analysis of the protein content of animal horns used in TCM, and it is effective to substitute the horn 
of endangered animals with sustainable alternatives from domestic animals.

The horns of rhinoceros (Rhinoceri Asiatici Cornu, RH), Saiga antelope (Saigae Tataricae Cornu, SAH) and water 
buffalo (Bubali Cornu, WBH) have been applied in traditional Chinese medicine (TCM) for over 2000 years1,2. 
However, with increasing human population and demand, illegal hunting has led to drastic reductions in rhi-
noceros and Saiga antelope populations in recent decades3. Even though five species of rhinoceros are listed as 
endangered according to the International Union for Conservation of Nature (IUCN) and Appendix I of the 
Convention on International Trade in Endangered Species (CITES)4,5, the law seems to have done little to save 
these species, and the African rhinoceros population has declined from 65,000 to less than 3500 over the last 40 
years. Indeed, the rhinoceros population across the entire world decreased from 70,000 to 11,000 between 1970 
and 1987, a dramatic drop of 85%1. Similarly, a place on Appendix II of the CITES list for the Saiga antelope failed 
to protect this species, and the population has fallen drastically from 1 million in the 1980s to only 25,000 in 2000. 
This species was placed on the endangered species list in 20013,4.

The use of RH and SAH is widespread in TCM, and both are considered indispensable for various remedies 
and applications. It has been reported that aqueous extract of RH and SAH possess notable antipyretic proper-
ties1,2,6. However, the application of RH and SAH is illegal or restricted since 1970’s. Developing substitutes would 
resolve the conflict between legislation and the apparent indispensability of RH and SAH in TCM applications, 
and is important for protecting these highly endangered species7. In order to change the culture of using materials 
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derived from endangered animals in TCM, increasing numbers of scientists have begun investigating the poten-
tial use of horns from non-endangered, abundant and domesticated species as replacements for RH and SAH.

There are scientists proposed to search for substitutes of threatened animal organs based on their pharmaco-
logical testing8,9. In view of the pharmacological studies and clinical applications, animal horns such as WBH, 
goat horn (GH), yak horn (YH), etc. were widely used as substitutes of RH or SAH10–12. Luo reported that GH pos-
sesses similar in vitro antithrombotic and anticoagulation activities to SAH and is therefore a rational substitute7.  
But reported studies in rats that both WBH and cattle horn extracts showed significant antipyretic action at a 
dosage of 5 g/ml, and the traditionally prescribed Qingying Decoction also exhibited positive antipyretic activity 
when RH was replaced by WBH1,2. Another traditional prescription ‘Xijiao Dihuang decoction’ was documented 
in Thousand Golden Prescriptions (Tang dynasty, 581–682 A.D.), in which RH was the most important medicine. 
Currently, RH in Xijiao Dihuang decoction was normally replaced by WBH and showed similar clinical curative 
effect. It was also reported that both SAH and GH showed apparent sedative activity and antihypertensive activity11.  
In 1987, Ministry of Health of China issued a document concerned using GH, Gazella subgutturosa horn and 
Mongolian gazelle horn as medicinal materials (Gazella subgutturosa and Mongolian gazelle cannot be used 
because they are species under second rank state protection in China, thus, only GH can be used in clinic and 
pharmaceutical industry) due to their similar effects compared with SAH. In addition, in order to achieve con-
siderable efficacy, the dosage of WBH and GH used as substitutes of RH and SAH should be 5–10 fold, or even 
more than 10 fold1,2,11.

Animal horns are pointed projections of the skin on the heads of animals consisting of a covering of horn 
sheath surrounding a core of living bone. Unlike the horns of Antelope, water buffalo and other Artiodactyla 
animals, RH lacks the bony core and is composed entirely of horn material13. Animal horn is structurally similar 
to mammalian hair and nail plate and avian epidermis, and is comprised of a complex mix of protein and peptides 
involving disulfides and isopeptide cross-links14,15. Keratins and keratin associated proteins (KAPs) constitute 
the bulk of the horn cortex16. In horn medulla and cuticle cells, transglutaminase forms extensive ε​-(γ​-glutamyl) 
lysine cross-links resulting in a highly insoluble material that is difficult to examine17.

Despite increasing research on WBH, GH, YH, etc. applied as alternatives of RH or SAH in TCM clinic, 
mechanisms of action remain unknown. The complex structure of animal horn makes it difficult to identify and 
separate the active components. Fortunately, the shotgun technique is known to be compatible with corneous 
materials such as hair, nail, and wool, and proved to be suitable for animal horn. Therefore, in the present study, 
shotgun proteomic analysis was applied to analyze constituents of animal horns. The large-scale identification of 
protein components is necessary for a molecular-level understanding of this complex material. In recent years, 
advances in mass spectrometry and database searching have assisted the identification of proteins in complex 
cross-linked structures18,19. In particular, shotgun proteomic analysis has been applied successfully for investigat-
ing human hair, nail plate, and chicken corneocytes.

Furthermore, according to the documentation of Bencao Gangmu (Ming dynasty, 1578 A.D.) or some other 
traditional literatures, animal horn derived TCMs were usually applied for treating heat syndrome, relieving con-
vulsion, and reducing blood bleeding. Therefore, bio-effect evaluation of animal horns including antipyretic, sed-
ative, and procoagulant activities were evaluated in the present study, which may help to illustrate the bio-effect 
characteristics of various animal horns.

Results and Discussion
Antipyretic activity test.  The effect of animal horns on the fever rabbit was shown in Fig. 1 and Table S31. 
Compared with Model group, seven horns significantly reduced the temperature of fever rabbits after oral admin-
istration. RH-1 and RH-2 at high dosage exhibited strong antipyretic effect 45–90 min after oral administration 
(p <​ 0.05, p <​ 0.01). As shown in Fig. 1(H), the antipyretic efficacy strength was quantified by calculating the AUC 
of rectal temperature changing curve, and the AUC240 min of each dose of animal horns was calculated. Among 
the seven horns, only the AUC240 min of Tibetan antelope horn (TAH) at three doses was higher than paracetamol. 
The antipyretic efficacy strength depicted by AUC240 min at high dose showed the order of seven horns was as 
follow: WBH >​ RH-1 >​ YH >​ RH-2 >​ GH >​ SAH >​ TAH. Based on these results, it is obvious that RH exhibit 
the strongest ability in lowering down rabbit body temperature. In addition, WBH continuously lower down the 
rabbit body temperature during the 240 min, whose AUC value was the lowest among seven horns at high dose 
level. In the present study, dosage of animal horns was identified according their clinical use, the high dosage of 
RH and SAH was 0.06 g/kg, while WBH and YH was 1.5 g/kg. Therefore, the dose of WBH or YH was 25 times 
higher than RH. At the present dose level, the AUC240 min of WBH or YH was similar with RH. It is indicated that 
WBH or YH exhibit similar efficacy strength compared with RH in the antipyretic activity test. It is consistent 
with the fact of WBH clinical dose over 10-fold higher than RH. RH, WBH and YH also can be observed stronger 
antipyretic efficacy than SAH, TAH and GH.

The effect of animal horns on the fever rat was shown in Fig. 2 and Table S33. Compared with Model group, 
SAH could significantly reduce the temperature of fever rats 1 h after oral administration (p <​ 0.05). RH-1, RH-2, 
SAH, TAH, WBH and GH could significantly reduce the temperature of fever rats 2 h after oral administration 
(p <​ 0.05, p <​ 0.01, p <​ 0.001). Furthermore, TNF-α​, IL-6, and PGE2 levels in the plasma of rats were determined. 
One hour after oral administration with seven horns, RH-1 could significantly reduce the levels of TNF-α​, IL-6, 
and PGE2 (p <​ 0.05, p <​ 0.01), RH-2 could reduce IL-6 level (p <​ 0.05), SAH and GH could reduce TNF-α​ and 
PGE2 level (p <​ 0.05), TAH could reduce TNF-α​ level (p <​ 0.05). Two hours after the oral administration, RH-1 
also showed effects on reducing IL-6, and PGE2 level (p <​ 0.05), SAH, TAH, WBH, YH and GH could signifi-
cantly reduce the levels of TNF-α​ and IL-6 (p <​ 0.05, p <​ 0.01), in addition, WBH significantly reduced the PGE2 
level (p <​ 0.05). Fever model induced by yeast is considered as an infectious fever model and the inflammatory 
cytokines, such as TNF-α​, IL-1β​, IL-6, PGE2, etc. were stimulated by yeast, and then cytokines elevate the body 
temperature. These cytokines play key roles in regulating fever. Therefore, TNF-α​, IL-6, and PGE2 in the plasma 
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of fever rats were determined after treating with animal horns in the present study. As shown in the results, 
RH-1 could reduce the levels of TNF-α​, IL-6, and PGE2 in two periods after oral administration. Compared with 
RH-1, WBH and YH do not show significant cytokines-reducing efficacy in the first period after oral treatment. 
Two hour after WBH or YH oral treatment, levels of TNF-α​, IL-6, and PGE2 decreased significantly. It can be 
indicated that RH-1, WBH, and YH can relieve fever by reducing levels of cytokines, only but RH-1, WBH and 
YH exert their antipyretic effect at different time after the treatment. Furthermore, SAH and GH showed similar 
cytokines-reducing efficacy. In two different periods after oral treatment with both SAH and GH, the levels of 
cytokines significantly decreased. As available sustainable alternatives, WBH, YH and GH could reduce the levels 
of cytokines in the plasma of fever rats, which showed similar cytokines-reducing efficacy compared with RH 
and SAH.

Sedative activity test.  As shown in Fig. 3 and Table S32, oral administration with RH, SAH, WBH, YH 
and GH showed significant activity on decreasing mice voluntary movements (p <​ 0.05), TAH could decrease 
the mice spontaneous movements, but showed no significant difference with control (p >​ 0.05). 40 min after oral 
administration with horns, RH-1 and RH-2 significantly decreased mice voluntary movements (p <​ 0.05), 60 min 
after administration, RH, SAH, WBH, YH and GH could decreased mice voluntary movements significantly 
(p <​ 0.05). As shown in Fig. 3(H), the sedative efficacy strength was quantified by calculating the AUC of mice 
spontaneous movements changing curve, the AUC120 min of each dose of animal horns was calculated. According 
to the AUC120 min value at high dosage, the sedative efficacy strength order was as follow: YH >​ RH-2 >​ RH-1 >​ 
GH >​ TAH >​ WBH >​ SAH. The AUC value could be used to evaluate the continuous effects, not only an efficacy 
data at certain time point. As a result, YH exhibit better sedative effect than RH and SAH based on the high 
dose AUC120 min value. AUC120 min value of GH and TAH was higher than SAH, which indicated that GH or TAH 
showed better sedative effect than SAH, despite TAH did not significantly decrease the mice movements at each 
time point. As a result, in general, sedative effect of RH, WBH and YH was better than GH, TAH and SAH.

Procoagulant activity test.  As shown in Fig. 4, oral administration with seven horns decreased blood clot-
ting time significantly at high dose (p <​ 0.05; p <​ 0.01). According to the results, the order of procoagulant activity 
at high dose was as follow: RH-2 >​ SAH >​ TAH >​ GH >​ RH-1 >​ WBH >​ YH. Except RH-2, the procoagulant 
activity of other six horns was similar. However, at mid dose the order of procoagulant activity was described as: 
TAH >​ SAH >​ RH-2 >​ GH >​ RH-1 >​ WBH >​ YH. RH-2, SAH and TAH exhibit significant procoagulant activity 
and the procoagulant efficacy of WBH and YH was slightly lower than other horns.

Figure 1.  Effects of seven horns and paracetamol on endotoxin-induced fever rabbits. Values were expressed 
as mean ±​ SD (n =​ 6). (A–G) were rabbit temperature changing curves after administration horns, (H) was the 
AUC values of seven horns. ###p <​ 0.001, compared with Control group; *p <​ 0.05, **p <​ 0.01, compared with 
Model group; Δp <​ 0.05, Aspirin group compared with Model group.
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Seven types of horn all possess antipyretic, sedative and procoagulant activity, which confirmed their docu-
mented traditional efficacies. All their dosage was identified according to the traditional literature, such as Bencao 
Gangmu, Shennong Bencao Jing (Han dynasty, about 200 B.C.–200 A.D.). Under their recommended dose level, 
horns all exhibit three traditional bio-effects above (p <​ 0.05; p <​ 0.01), but represent different efficacy priorities. 
RH-1 and RH-2 exhibit excellent antipyretic and sedative effect, followed by WBH and YH which exhibit satisfied 
antipyretic and sedative effect. At the high dosage level, RH, WBH, SAH, and GH could significant reduce the 
levels of cytokines, such as TNF-α​, IL-6, and PGE2. The antipyretic and sedative effect WBH or YH was slightly 
lower than RH. Although SAH, TAH and GH also showed antipyretic and sedative effect, their effect was lower 
than RH, WBH or YH. In addition, RH-2, SAH and TAH exhibit apparent procoagulant activity, which slightly 
better than WBH and YH. Therefore, it was indicated that RH possesses wonderful antipyretic, sedative and 

Figure 2.  Effects of seven horns and Aspirin on yeast-induced fever rats. Values were expressed as 
mean ±​ SD (n =​ 8). (A) was rat temperature changing curves after administration horns, (B) TNF-α​ level in 
rat plasma 1 h after administration horns; (C) IL-6 level in rat plasma 1 h after administration horns; (D) PGE2 
level in rat plasma 1 h after administration horns; (E) TNF-α​ level in rat plasma 2 h after administration horns; 
(F) IL-6 level in rat plasma 2 h after administration horns; (G) PGE2 level in rat plasma 2 h after administration 
horns.
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procoagulant activity, WBH and YH tend to show significant antipyretic and sedative activity, while SAH, TAH 
and GH tend to exhibit significant procoagulant activity.

Extraction of material from animal horns.  Animal horns such as RH, SAH, GH and WBH have been 
used in TCM for thousands of years, and TAH and YH have been used as ethnomedicines in Tibet for a compa-
rably long time. In order to investigate the protein content and provide evidence for finding suitable sustainable 
substitutes to these endangered animal parts, we analyzed the proteomes of seven animal horns (RH-1, RH-2, 
SAH, GH, WBH, TAH and YH). In TCM, animal horns are usually powdered and swallowed with water directly, 
or extracted and decocted for oral administration6,20. Following oral administration, soluble components can 
therefore dissolve and exert their physiological effects. In the present study, samples were extracted exhaustively 
with SDS-DTT under reducing conditions to separate soluble and insoluble fractions. The soluble fraction of RH 
accounted for 98%, which was the highest soluble content of all seven animal horns studied, while only 65% of the 
WBH sample was soluble, which was the lowest (Fig. 5).

Figure 3.  Effects of seven horns and estazolam given on spontaneous motor activity in mice. Values 
were expressed as mean ±​ SD. (n =​ 10). (A–G) were mice spontaneous movements changing curves after 
administration horns, (H) was the AUC values of seven horns. *p <​ 0.05, **p <​ 0.01, compared with Control 
group; Δp <​ 0.05, Estazolam group compared with Control group.

Figure 4.  Procoagulant effect of seven horns and 4-(aminomethyl) benzoic acid. *p <​ 0.05, **p <​ 0.01, 
compared with Control group; Δp <​ 0.05, 4-(aminomethyl)benzoic acid group compared with Control group.
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Protein identification.  Among the proteins identified, keratins and KAPs, junctional proteins, ribosomal 
proteins, initiation/elongation factors, histones, heat shock proteins and 14-3-3 proteins were abundant. Between 
12.6% and 23.7% of these proteins were present only in the solubilized fraction, while 54.9%–78.0% were only in 
the particulate fraction, and 8.8%–21.3% were observed in both fractions (Fig. 6). The highest number of proteins 
were identified in TAH (404), and RH-1 produced the fewest (227). Keratin and KAPs were detected in both the 
soluble and insoluble fraction in all horn samples. Type I and II keratins of cuticular origin were apparent, along 
with other keratins (Table S1).

Desmosomal structural proteins such as desmoplakin, plakophilin, desmoglein, desmocollin, envoplakin 
and plakoglobin were identified, all of which play important roles in structural aspects of the cytoskeleton or in 
providing essential adhesion structures and linking transmembrane desmosomal cadherins to the cytoplasmic 
keratin filament network21. Other structural proteins including histones, tubulin, actin and catenin were also 
detected, and heat shock proteins (HSP) that function in cellular stability were also apparent. Both the 60S 40S 
ribosomal proteins that are crucial for protein synthesis were identified, along with elongation factor and eukar-
yotic translation elongation factor that regulate translation. Enzymes identified include pyruvate kinase, creatine 
kinase, and phosphoglycerate kinase, and numerous proteins involved in binding activities were detected based 
on their GO categories, such as pyruvate kinase binding with metal ion, tubulin binding with nucleotide, and 
junction plakoglobin binding with proteins.

GO analysis indicated that many of the identified proteins in the solubilized fraction (17.6%–24.8%) were 
related to the cytoskeleton, including keratins and KAPs that were the most abundant structural proteins in ani-
mal horns, and junction plakoglobin and tubulin. Keratins form a cytoplasmic network of intermediate filaments 
and KAPs interact with these filaments and stabilize disulfide linkages.

The insoluble fractions contained between 23.8% and 28.5% cytoplasmic proteins including type I cytoskel-
etal keratin, plakoglobin, elongation factor, tubulin, and 40S and 60S ribosomal proteins. These results suggest 
that most keratins are solubilized, however the high degree of cross-linking results in a large number of soluble 
proteins interacting with or co-localizing with the insoluble material, and this may be functionally important in 
horn epidermal cells14.

Functional classification of animal horn proteome profiles.  In the case of RH, 227 proteins were 
identified, of which 60 were found exclusive to the soluble fraction, and 208 proteins were detected only in the 
insoluble fraction. Among the identified proteins in the soluble fraction, over 95% were assigned to a predicted 
function and classified into seven categories according to molecular function. The majority of these (28, 29.5%) 
were classified as structural proteins, and 21 of these were keratins (Fig. 7). Other abundant groups included 
those with binding activity (25 proteins, 25.3%) and catalytic activity (23, 24.2%). The remaining proteins pos-
sessed motor activity (eight, 8.4%), transporter activity (three, 3.2%), enzyme regulator activity (three, 3.2%) and 
antioxidant activity (two, 2.1%). The molecular function of proteins identified in the other six animal horns was 
similarly assigned (Tables S2–S29).

Figure 5.  Proportion of soluble and insoluble material following extraction with SDS-DTT. 

Figure 6.  Number of proteins present in soluble and insoluble fractions. 
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Of all proteins identified in the insoluble fraction, approximately 85% were assigned to various molecular 
functions. The majority of these were classified as having binding activity (108 proteins, 37.9%) including pro-
tein binding, nucleotide binding, metal ion binding, and DNA or RNA binding (Fig. 7). The functions of others 
included structural activity (55 proteins, 19.3%), catalytic activity (50 proteins, 17.5%), enzyme regulator activity 
(nine proteins, 3.2%), motor activity (nine proteins, 3.2%), transporter activity (six proteins, 2.1%), and antioxi-
dant activity (four proteins, 1.4%).

Cellular component classification analysis of the 227 identified RH proteins placed 60 soluble fraction pro-
teins into 12 categories (Fig. 7). The majority of these proteins were located in the cytoskeleton (25 proteins, 
24.0%), cytoplasm (18, 17.3%), membrane (14, 13.5%) and nucleus (11, 10.6%). Others were located in the cytosol 
(seven, 6.7%), extracellular (six, 5.8%), ribosome (six, 5.8%), cell surface (four, 3.8%), mitochondria (three, 2.9%), 
organelle lumen (two, 1.9%), endosome (one, 1.0%) and vacuole (one, 1.0%). The 208 proteins identified in the 
insoluble fraction were classified as follows: the majority were localized to the cytoplasm (87 proteins, 23.8%), 
cytoskeleton (48, 13.2%), membrane (44, 12.1%) and nucleus (43, 11.8%). Others were localized to ribosomes (34, 
9.3%), cytosol (24, 6.6%), mitochondria (15, 4.1%), and 12 (3.3%) were extracellular.

The proportion of soluble proteins with a structural function was higher than the insoluble fraction. The sol-
uble fraction mainly consisted of keratins, while many of the insoluble proteins belonged to the binding activity 
category. The other animal horn samples were subjected to the same analysis, and the similarities and differences 
between the seven animal horn samples were investigated using PCA.

PCA of molecular function reduced eight categories into three principal components (PC 1, PC 2 and PC 3) 
which accounted for >​77% of the entire variance (Fig. 8A). Based on molecular function (Supplemental data), 
RH-1, YH and WBH were classified into one group, and SAH, TAH and GH were classified into another group. 
This suggests that YH and WBH may be similar to RH-1 at the level of protein molecular function, while GH 
may be similar to SAH. Furthermore, PCA of the cellular component reduced 13 categories into three principal 
components (PC 1, PC 2 and PC 3) which accounted for >​81% of the variance (Fig. 8B). RH-1, RH-2, YH and 
GH were classified into one group, indicating similarities between YH and GH with RH in terms of their cellular 
component classification profile.

The PCA model generated by Simca-P was used to investigate sample classification, and the R2X of the PCA 
model was 0.771. The score plots of the PCA model (Fig. 9) revealed a distinct clustering among all soluble and 
insoluble fractions, which were separated into three regions based on the number of keratin and KAP peptides. 
Based on the results of PCA, both soluble and insoluble fractions of RH-1, RH-2 and WBH, and the soluble frac-
tion of GH were classified in group A; both soluble and insoluble fractions of SAH and TAH, and the insoluble 
fraction GH were classified in group B; YH was classified alone in group C. PCA of keratins and KAPs demon-
strated a high degree of similarity among all horn samples. WBH and GH were more closely related to RH-1 and 
RH-2 than YH, and GH was more similar to SAH and TAH than YH and WBH. These results suggested that the 
keratin constituents of WBH and GH were similar to RH and SAH, respectively. It is therefore why WBH was 
used as substitute of RH, and GH was applied for replacing SAH in clinical trials and TCM.

Available sustainable alternatives of endangered animal horns.  It was first documented in 
Shennong Bencao Jing that RH and SAH possess potent antipyretic and detoxification activities1,2,22. These 

Figure 7.  Gene Ontology analysis of identified proteins of Rhinoceri Asiatici Cornu. Protein sets (A,B) were 
classified according to molecular function, while (C,D) were classified according to cellular component.
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substances have been used in TCM for over 2000 years and are believed to be indispensable. However, both the 
rhinoceros and Saiga antelope have experienced massive population crashes and are now threatened with extinc-
tion, and using parts from these animals is now illegal4. Researchers have begun to investigate horns from other 
animals as possible substitutes for RH and SAH7–9,12,23,24. As a result, bio-effects evaluation showed that seven 
horns in the present study all possess apparent antipyretic, sedative and procoagulant activity. However it should 
be remembered that although it may be possible to replace one activity of RH or SAH, it might not be possible to 
replace all of the various bioactivities. For instance, the antipyretic and sedative effect of WBH and YH showed 
slight better than SAH, TAH and GH, while procoagulant activity of SAH, TAH and GH was higher than WBH 
and YH. Therefore, it might be available to substitute RH with WBH or YH in treating fever and convulsion, and 
to relieving blood bleeding, it is available to substitute SAH with GH or TAH.

Figure 8.  PCA based on molecular function and cellular component classification profiles. 

Figure 9.  PCA based on the composition of keratin and KAPs in soluble and insoluble fractions of animal 
horns. 
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Conclusions.  The overall proteomes of the different horns and traditional bio-effect evaluation were highly 
similar, and only the relative amounts of proteins in the soluble and insoluble fractions differed between samples, 
only the dose level and effect strength showed difference between samples. In the present study, it provides evi-
dences on using GH, WBH, or YH as substitutes of RH and SAH in rat experimental models, it also suggests that 
RH and SAH are not especially unique or indispensable. Proteomic analysis combined with bio-effect evaluation 
therefore provide a strategy to search and evaluate sustainable animal horns alternatives as available substitutes of 
endangered animal horns derived TCMs.

Materials and Methods
Sample preparation.  Rhinoceri Asiatici Cornu (RH-1), Rhinoceri Africani Cornu (RH-2), and Pantholopsis 
Hodgsoni Cornu (Tibetan antelope horn, TAH) were purchased from Jiangsu Medicinal materials company 
(Permission State Forestry Administration of China for purchasing Rhino horn samples, 2003, No. 7). Saigae 
Tataricae Cornu (SAH), Bubali Cornu (WBH) and Caprae Hircus Cornu (GH) were purchased from Jiangsu 
Medicine Company (Jiangsu, China). Bovis Grunniens Cornu (YH) was purchased from a slaughter house located 
on Linkuo North Road in Lhasa, Tibet. All horn samples were authenticated by Prof. Dr. Jin-ao Duan. All horn 
products were obtained as pieces form initially, and then were powdered. Detailed information is listed in Table S33  
and Fig. 10.

Animals.  Adult New Zealand rabbits (2.0–2.5 kg) and mice (18–20 g) of both sexes, obtained from the Center 
of Experimental Animals, China Pharmaceutical University. Animals were housed under standard conditions 
of temperature (22 ±​ 2 °C); relative humidity (55 ±​ 5%) and light (12 h light/dark cycles) were used. The animals 
were fed with standard diet and water ad libitum. Animal welfare and experimental procedures were strictly in 
accordance with the Guide for the Care and Use of Laboratory Animals. This study was approved by Nanjing 
University of Chinese Medicine.

Antipyretic activity test.  The antipyretic activity test was performed according to the previous method25. 
Antipyretic activity was determined in rabbits using six animals of both sexes for each group. Rabbits present-
ing an initial rectal temperature between 38.5–39 °C were selected for the antipyretic tests. Hyperthermia was 
induced by i.v. injection of Escherichia coli endotoxin at a dose of 20 ng/kg. Rectal temperature was measured 6 h 
after the endotoxin injection, and rabbits, developing significant hyperthermia were used only. Then the rabbits 

Figure 10.  Pictures of animal horn samples. 
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were orally administered with horn powder (dosage of horns was shown in Table S30), and their model group 
(saline), positive group (paracetamol at 20 mg/kg body weight) and rectal temperatures recorded at 15, 30, 45, 60, 
90, 120, 180, and 240 min after drug treatment.

The antipyretic activity test on rat was also performed according to the previous method6. Antipyretic activity 
was determined in rats using eight animals of both sexes for each group. Rats with an initial rectal temperature 
of 37–38 °C were selected for the study. Hyperthermia was induced by subcutaneous injection of 20% (w/v) yeast 
(Anqi Co., Ltd. Hubei, China) in 0.9% sterile saline (10 mL/kg). Rectal temperatures were measured 6 h after the 
yeast injection and only rats developing significant hyperthermia were used selected. And then rats were treated 
orally with horn powder (dosage of horns was shown in Table S30), and their model group (saline), positive group 
(Aspirin at 100 mg/kg body weight) and rectal temperatures recorded at 60 and 120 min after drug treatment. 
Blood samples of 400 L were collected in heparin containing tubes from epicanthic veins of rats by capillary tube 
at 60 and 120 min after drug treatment, and centrifuged at 4000 rpm for 10 min. The plasma were collected and 
TNF-α​, IL-6, and PGE2 levels were measured by enzyme linked immunosorbent assay (ELISA) kit (Yi Fei Xue 
biotech. Nanjing, China).

Sedative activity test.  The test was performed according to the method of Connor with slight modifica-
tion26. This test measures exploration and voluntary locomotion within an enclosed area was used to evaluate the 
sedative activity of the horns. Objective values for spontaneous motor activity were obtained with a photoactom-
eter. Mice were placed individually in a black chamber with a screen floor and a light-tight lid. Six beams of red 
light were focused 2 cm above the floor onto photocells on the opposite side. Each beam interruption registered 
as an event on an external counter. The floor of the chamber was wiped clean with 5% (v/v) alcohol before each 
use. The mice were oral administered with horn powder (dosage of horns was shown in Table S30), and their 
control (saline), positive group (estazolam at 0.5 mg/kg body weight). Mice were placed in the chamber 30 min 
after orally administration. They were allowed to acclimate for 2 min, and then light beam breaks were counted 
for the next 2 min.

Procoagulant activity test.  The blood clotting time (CT) experiment was performed according to the 
method of Singh to evaluate the procoagulant activity of horns, with slight modification27. Mice were divided into 
six groups of ten animals each. The mice were orally administered with horn powder (dosage of horns was shown 
in Table S30), and their control (saline), positive group (aminomethylbenzoic at 36.7 mg/kg body weight) once a 
day for 3 days. 1 h after last orally administration, blood samples were taken with the help of a glass capillary from 
orbital plexus of the eye of each mouse and the time was noted. Small pieces of capillary were broken from one 
end at every 15 s till fibrin threads of blood appeared between the broken ends of capillary.

Quantification of therapeutic effects.  To quantify the antipyretic and sedative activity of horns, area 
under curve (AUC) were introduced to evaluate the effect and effective time in pharmacology experiments. AUC 
was calculated by Graphpad Prism 5 software.

Extraction and digestion of animal horns.  It was performed as described with slight modifications15. 
Typically, 20 mg of animal horn powder was immersed in 4 ml of 2% sodium dodecyl sulfate (SDS), 50 mM 
sodium phosphate (pH 7.8), 20 mM DTT and incubated overnight at 65 °C. The soluble and insoluble materials 
were separated by centrifugation, and the insoluble material was resuspended in 2% SDS, 50 mM sodium phos-
phate (pH 7.8), 20 mM DTT, incubated overnight at 65 °C and extracted as before. After four such extractions, 
approximately 85% of the total protein was extracted.

Aliquots of the soluble (first extract) and insoluble material were incubated for 0.5 h in 2% SDS, 20 mM DTT, 
and 50 mM phosphate buffer (pH 7.8) then incubated at room temperature for an additional 0.5 h following 
addition of 40 mM iodoacetamide. Proteins were precipitated from the soluble extract by addition of 3 volumes 
of ethanol. The soluble and insoluble protein samples were rinsed with 70% ethanol, then with freshly prepared 
0.1 M ammonium bicarbonate, and were finally resuspended in fresh 0.1 M ammonium bicarbonate adjusted 
to 2 M urea. To each suspension bovine L-1-tosylamido-2-phenylethyl chloromethylketone-treated trypsin 
(Worthington, Lakewood, Colorado, USA) was added to 1% (w/v). After 6–8 h at 37 °C, samples were stirred 
overnight at room temperature. Most of the detergent-insoluble material was solubilized, and virtually all of the 
detergent-soluble material was solubilized in this way.

Mass spectrometry.  Mass spectrometric experiments were performed using a nano LC LTQ-Orbitrap mass 
spectrometer (Thermo Fisher Scientific, Bremen, Germany) equipped with a nano-electrospray ion source and 
an Easy II nano LC, as described previously with some modifications28. Animal horn samples were divided into 
soluble and insoluble fractions as described above, and 5 μ​L samples (1 μ​g of total protein) were loaded onto a 
self-packed 5 μ​m Reprosil C18AQ column (75 μ​m ×​ 150 mm). The mobile phase consisted of acetonitrile/for-
mic acid/water (2/0.2/98, v/v/v) for buffer A and acetonitrile/formic acid/water (80/20/0.2, v/v/v) for buffer B. 
Processed samples were analyzed using a 150 min gradient from 2% to 30% B. The LTQ-Orbitrap was operated in 
data-dependent acquisition mode to automatically alternate between a full scan (m/z 300–2000) in the Orbitrap 
and CID MS/MS scans in the linear ion trap. The ten most intense peptide ions were isolated for fragmentation. 
Helium was used as collision gas for CID. The normalized collision energy was 35% and the activation time was 
30 ms. Unless otherwise stated, three replicate measurements were made at each MS setting. Data acquisition was 
controlled by Xcalibur 2.0.7 and Tune 2.4 software (Thermo Fisher Scientific).

Protein identification.  Tandem mass spectra were extracted with Xcalibur version 2.0.7. All MS/MS sam-
ples were analyzed using X!Tandem (thegpm.org; version TORNADO 2010.01.01.4) which was set up to search 
the bovidae_uniprot-taxonomy_9895 database (downloaded on the 26th April, 2014). Spectra were also searched 
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against an equal number of decoy sequences to estimate the false discovery rate (FDR) as described previously28. 
The specified enzyme was trypsin and up to two missed cleavages were allowed. Oxidation of methionine  
(+​15.9949) and acetylation of the protein N-terminus (+​42.0106) were specified as variable modifications and 
carbamidomethylation of cysteine (+​57.0215) was specified as a fixed modification. All other parameters were 
default settings, including a fragment ion tolerance of 0.5 Da and a maximum precursor ion tolerance of 6 ppm 
after recalibration. Identified peptides were filtered to curate a dataset with an FDR of less than 1% at both the 
peptide and protein levels. Protein identifications were accepted if the probability was over 90% (as assigned by 
the Protein Prophet algorithm) and included at least two identified peptides.

Statistical analysis.  Data from the solubilized and particulate fractions were analyzed separately. 
Hierarchical clustering and principal component analysis (PCA) were performed using SPSS 16.0 and Simca-P.

Ontology analysis of identified proteins.  GI numbers of identified proteins were matched to the 
UniProtKB database (www.uniprot.org) to obtain Gene Ontology Annotation (GO) using the molecular func-
tions and cellular component categories.
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